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Abstract. The purpose of this study was to examine the genetic makeup of insulin-like growth factor-2 (IGF-2)
and its impact on the various components of blood cells. This study utilized a total of 300 broiler chicks, aged
one day, from two different strains: 150 chicks from the Cobb 500 strain and 150 chicks from the Hubbard F-
15 strain. Genomic material was isolated from avian blood samples, and the constituent elements of the blood
were analyzed. The blood components were cytologically examined and their genotypes for insulin-like growth
factor-2 (IGF-2) were determined using PCR-RFLP. The study observed a notable rise (p<0.05) in the level of
Hb in the bloodstream of females (p<0.05) with the genotypes TT and CC. The findings indicated a statistically
significant increase (p<0.05) in the PCV% of females with the CC genotype compared to those with the TT and
TC genotypes. The findings also indicated that there were no statistically significant variations (p<0.05) in the
mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin
concentration (MHCV) across the different genotypes. The IGF2 gene incorporates variables related to
ethnicity and sex. The number of Heterophil cells in the offspring of the Cobb500 strain with the TC genotype
was significantly higher (p<0.05) compared to the TT and CC models. Additionally, there was a significant
increase (p<0.05) in the number of Heterophil cells in males with the TC genotype compared to the TT and CC
models, while this increase was not observed in other cases. The IGF2 gene genotypes exhibit notable
variations in both lymphocyte count and the H/L ratio. Multiple genotypes of the IGF-2 insulin-like growth
factor gene were discovered to have a notable impact on the quantity of eosinophil cells in the Hubbard F-15
strain. This effect was observed in males of all genotypes involved in the experiment. The experiment revealed
a notable rise in the count of basophil cells among females with the CC genotype compared to individuals with
other genotypes. However, there were no significant variations in the number of basophil cells (p<0.05) among
individuals with other genotypes or between the two strains. The results did not show a statistically significant
difference in the number of monocyte cells or in any of the IGF2 genotypes, taking into account the influence
of strain and sex.
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. Introduction

The IGF-2 gene in chickens regulates the
growth and maturation of satellite cells,
skeletal muscles, body composition, fat
accumulation, and metabolic function.
According to reference [1], the pituitary
growth hormone stimulates the production
of IGF-2 in the liver. The liver is the main
source of IGF-2 production, however it is

also produced by the pituitary gland, brain,
ovary, spleen, and muscle. Growth hormone
(GH) induces the synthesis of insulin-like
growth factor 2 (IGF-2) by binding to the
growth hormone receptor (GHR) and
initiating the activation of the Janus kinase-
signal  transducer and activator of
transcription (JAK-STAT) pathway. The
PI3K-Akt, motor, and MAPK pathways are
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the pathways responsible for IGF-2-induced
muscle cell hyperplasia and hypertrophy [2,
3]. IGF-2 demonstrates several metabolic
roles [4]. The given data represents the
coordinates as [5, 6]. The production of
IGF-2 by the liver, which has an impact on
tissues through the endocrine system, is
controlled by growth hormone and diet [4].
IGF-2 promotes the development and
maturation of organisms after they are born.
The IGFII gene, situated on chromosome 1,
harbors quantitative trait loci (QTLS)
responsible for governing growth [5, 6].
IGF-11 is essential for chicken growth [7, 8].
A strong link exists between the
performance of laying hens and broilers and
the 5' flanking region of single nucleotide
polymorphisms (SNPs) in the promoter
region of the insulin-like growth factor I
(IGFI) gene. Gouda and Essawy conducted
a study to assess the influence of IGF-II
gene polymorphism on chicken
characteristics [4]. The study established a
correlation  between the IGFIl gene
polymorphism and many parameters,
including body mass, sexual maturity, egg
weight, and egg number, in two distinct
populations. Furthermore, it revealed a
correlation between the IGF-2 gene
polymorphism and the body weights of
Cobb 500 and Hubbard F-15 broiler
2. Material and Methods

The Department of Animal Production in the
College of Agricultural Engineering Sciences
at the University of Baghdad conducted this
research. This study utilized Cobb 500 and
Hubbard F-15 broilers. Each broiler chick that
is hatched for commercial purposes is fitted
with a wing band. We restricted the broilers to
a designated area within an experimental
habitat. The document presents a thorough
record of the sleep and food schedules of the
participants, together with the level of attention
they received in accordance with the prescribed
standards for their specific breeds. At 49 days
old, we obtained blood from the wing veins
and then divided it into two equal halves. The
initial portion was employed for serum
analysis, whilst the latter portion was dedicated
to DNA extraction. The DNA purification
technique utilized a genomic DNA purification
kit from Delta Bio Techs, situated in Iraq. We
utilized a 260/280 nm optical density (OD)
ratio to evaluate the integrity of the sample and
identify any protein impurities in a one-liter
volume of extracted DNA, with the aim of
quantifying the DNA content (ng/L). The DNA

chickens. The IGF-2 gene possesses the
capacity to exert an impact on the growth of
broiler chickens. The study conducted by [9]
revealed that the recently identified IGF-2
plays a vital role in the metabolism of
glucose, lipids, and proteins. Protein makes
up adipose tissue, skeletal muscle, and the
hepatic organ. IGF-2 reduces blood glucose
levels and improves the body's sensitivity to
insulin, hence boosting the control of
glucose levels in the body [10]. IGF-2
suppresses the process of producing glucose
in the kidneys, which could result in a
decrease in blood glucose levels [11]. Using
candidate genes in chicken breeding
provides the potential to improve genetic
features. Certain genes has the capacity to
augment industrial performance. Chickens
have a multitude of possible genes,
including one called IGF-2. The number 12
is denoted by the numeral [12]. The
structure of the IGF-2 gene does not exhibit
any association with the variety observed in
chicken phenotypes (12). Further research is
required to examine the correlation between
IGF-2  polymorphisms and  chicken
performance. This study examined the
influence of IGF-2 polymorphisms on blood
cell function in Hubbard F-15 and Cobb500
broiler lines.

ratio of 260/280 fell within the range of 1.7 to
1.9. We perform laboratory tests on serum
samples to ascertain the concentrations of
glucose, triglycerides, hepatic enzymes, and
LDL cholesterol. The DNA was extracted
utilizing a saline solution. The primers IGF2-F
and IGF2-R were used to amplify a 1146-base-
pair fragment of the IGF2 gene. The primers
IGF2-F and IGF2-R shown satisfactory
performance in prior experiments [12]. A 25-
liter volume was used for the polymerase chain
reaction (PCR), consisting of the following
components: The components required for the
experiment are as follows: 50 mM of dATP,
dTTP, dCTP, and dGTP each; 0.5 mM of each
primer; 2.5 L of 10X PCR buffer; 2 mM of
magnesium chloride; 2.5 U of Tag DNA
polymerase; and 50 ng of extracted DNA. The
experiment involved 35 amplification cycles,
each comprising a 1-minute denaturation step
at 94°C, followed by a 3-minute extension step
at 72°C, and concluding with a 5-minute
extension step at 72°C. The PCR results were
visualized by illuminating the gel with UV
light. The PCR products were fragmented with



Hinfl. A total of 15 liters of the solution,
consisting of 5 liters of PCR product, 5 units of
Hinf | endonuclease, and 1.5 liters of Hinf |
buffer, were digested. A time period of 2 hours
at a temperature of 37 °C. We applied the
broken-down DNA fragments to
electrophoresis on a gel made of 1.5% agarose
and observed them using UV trans-
illumination. We utilized PopGene32 1.23 [13]
to compute allelic and genotypic frequencies,
as well as observed and anticipated
heterozygosity. We utilized the PopGene 32
software to evaluate the status of the Hardy-
Weinberg equilibrium. The figures represent
the ratio of each allele. A total of 1146 PCR
3. Results and Discussion

3.1. Hemoglobin Concentration and PCV%

The results of this study indicate that there
was no association between blood Hb levels
and IGF-2 genotypes. The variations in
blood hemoglobin levels between different
breeds did not have an impact on the
outcomes of the investigation. Blood
hemoglobin concentrations exhibited a
statistically significant disparity (P>0.05)
between males and females with the TT and
CC genotypes (Table 1) observed in
chickens. Nevertheless, the hemoglobin
concentration in the blood of broiler chicks
was determined to be 8.25 mg/dl [1].
Researchers have suggested that IGF-2 has a
substantial impact on determining the
normal level of hemoglobin in the blood
[14]. Through the reduction of Fe

products, each consisting of a pair of base
pairs, were produced. A solitary band was
identified in every chicken blood sample
through the utilization of genomic DNA.
Following the acquisition of the PCR results,
we proceeded to do RFLP analysis. IGF2 PCR
products were cleaved using Hinfl to yield
RFLP patterns. The T allele was found in
73.3% of the population, whereas the C allele
was found in 26.7%, leading to the existence of
three genotypes.

concentration [11], it has been demonstrated
that IGF-2 has the ability to directly
decrease Hb levels. Additionally, by
stimulating the IGF-2 receptor in skeletal
muscle, IGF-2 can enhance the effect of
insulin on Hb transportation. IGF-2's ability
to reduce and increase sensitivity to insulin
may have a beneficial effect on the
regulation of Hb homeostasis [10].
Furthermore, there was no notable impact
on the PCV% across various genotypes,
breeds, and genders. According to this
study, there was a statistically significant
difference (P>0.05) observed in males with
genotype CC compared to those with
genotypes TT and TC.

Table 1. The effect of IGF-2 gene polymorphism on Fresh Blood Parameters and compare this effect,
Cobb versus Hubbard and male versus female.(Means+SE).

Breed Sex
IGF-2 aenotvoe = ™ Hubbard  p  Male Female  p Total
Hb(gm./100 ml) (means * SE)
TT 8.22+0.12 8.2240.13 NS 8.20+0.13 8.02+0.12 0.05 8.20+0.13
TC 8.25+0.13 8.24+0.13 NS 8.22+0.12 8.25+0.12 NS  8.25+0.12
CC 8.20+0.12 8.21+0.14 NS 8.25+0.12 9.03+0.13 0.05 8.22+0.13
p NS NS NS 0.05 NS
PCV (%) (means £ SE)
TT 32.16+0.62 32.15+0.60 NS 32.18+0.62 32.15+0.62 NS 32.16+0.60
TC 32.15+0.60 32.14+0.62 NS 32.15+0.60 32.14+0.62 NS 32.15+0.62
CC 32.18+0.65 32.18+0.65 NS 32.17+0.65 35.17+0.65 0.05 32.18+0.65
p NS NS NS 0.05 NS

IGF-2 =insulin-like growth factor-2; SE= standard error; p= probability; 0.05= significant at p<0.05;
NS= no significant.* = significant at 0.05 level between Cobb and Hubbard and between male and

female within each genotype.

3.2. MCV, MCH Levels and MCHC
The IGF-2 genotype did not have any
impact on the levels of MCV and MCH in
the bloodstream, as seen in Table 2. This

study found that gene polymorphisms,
breeds, and gender did not have any impact
on MCV and MCH levels. The MCV value



ranged from 140 to 141 femtometres, while
the MCH value was 32 pictograms. The
blood of birds is primarily constituted of
MCV. [15], Peebles and colleagues [16]
observe that there are decreases in MCV
management in meat hens as they age.
However, in Hubbard F-15 broilers, all
genotypes have exhibited significantly
elevated levels of blood MCV and MCH
(P<0.05) compared to other Cobb500
genotypes and MCHV%. Researchers
observed a significant increase (P< 0.05) in
the MCV and MCH concentrations of
Hubbard F-15 Dbroilers compared to
Cobb500 broilers. The TC and CC
genotypes of Cobb 500 and Hubbard F-15
had no impact on MCV and MCH levels in
the blood, according to the researchers'

findings. There was no variance observed in
the concentrations of MCV and MCH in
male broiler genotypes. Similarly, there was
also no variation observed in female broiler
genotypes across all genotypes (P <0.05).
The MCHV% levels in the blood were not
substantially different among individuals
with TT, TC, and CC genotypes, regardless
of gender [17]. In a study conducted by
Hassan and colleagues, it was found that
Hubbard F-15 and female broilers bearing
the C allele had lower levels of mean
corpuscular volume (MCV) and mean
corpuscular hemoglobin (MCH) in their
blood compared to those that did not have
the allele. The results of a study on the TC
genotype of broiler chickens have been
reported [18].

Table 2. The effect of IGF-2 gene polymorphism on Fresh Blood Parameters and compare this effect,

Cobb versus Hubbard and male versus female.

Breed Sex
|GF-2 aenotvoe =~ 1 Hubbard p Male Female p Total
MCV (Femtometre) (means = SE)
TT 140+0.157 1404+0.15 NS 140+0.15 141+0.12 NS 14040.15
TC 141+0.15  140+0.15 NS 140+0.12  1404+0.16 NS 140+0.15
CcC 140+0.16  140+0.16 NS 140+0.17  140+0.16 NS 140+0.16
p NS NS NS NS NS
MCH (Pictogram) (means + SE)
TT 32+0.20 32+0.23 NS  32+0.20 32+0.22 NS  32+0.22
TC 32+0.22 32+0.20 NS  3240.22 32+0.20 NS  32+0.20
CcC 32+0.20 32+0.20 NS  32+0.20 32+0.20 NS  32+0.30
p NS NS NS NS NS
MHCH (%) (means * SE)
TT 30.18+0.65 30.12+0.62 NS 30.16+0.65 30.18+0.65 NS 30.16+0.65
TC 30.15+0.60 30.15+0.65 NS 30.15+0.60 30.17£0.60 NS 30.15+0.60
CC 30.15+0.63 30.18+0.63 NS 30.15+0.63 30.15+0.65 NS 30.15+0.65
p NS NS NS NS NS

IGF-2 =insulin-like growth factor-2; SE= standard error; p= probability; 0.05= significant at p<0.05;
NS= no significant. * = significant at 0.05 level between Cobb and Hubbard and between male and

female within each genotype.

Table 3. The effect of IGF-2 gene polymorphism on Fresh Blood Parameters and compare this effect,
Cobb versus Hubbard and male versus female.

Breed

Sex

\GE-2 nenotvne— opp ~ Hubbard  p Male  Female p O
Heterophil (x10°/uL) (means + SE)

TT 3.32+2.25 3.16+x2.24 0.05 3.16%£2.25 3.16+x2.25 NS 3.16%2.25

TC 3.15+2.20 3.15+2.20 NS 3.23+2.25* 3.15+2.20 0.05 3.15%2.20

CcC 3.12+2.22 3.13+2.20 NS 3.12+2.20 3.12+2.20 NS 3.12+2.20
p 0.05 NS 0.05 NS NS

Lymphocyte (x10%/uL) (means + SE)

TT 5.42+2.75 5.45+273 NS 5.45+2.75 5.45+2.75 NS 5.45+2.75

TC 5.40+2.70 5.42+2.70 NS 5.42+2.70 5.43+x2.70 NS 5.42+2.70

CcC 5.43+2.72 5.40+2.73 NS 5.43+2.70 5.40+2.72 NS 5.43+2.72
p NS NS NS NS NS

H/L Ratio (means *



TT 0.61+0.08 0.58+0.08 NS 0.58+0.09 0.58+0.08 NS 0.58+0.08
TC 0.58+0.07a 0.58+0.07 NS 0.60+0.07 0.58+0.07 NS 0.58+0.07
cC 0.57+0.07a 0.58+0.07 NS 0.57+0.07 0.57+0.07 NS 0.57+0.07
p NS NS NS NS NS




IGF-2 =insulin-like growth factor-2; SE= standard error; p= probability; 0.05= significant at p<0.05;
NS= no significant. * = significant at 0.05 level between Cobb and Hubbard and between male and
female within each genotype.

Table 4. The effect of IGF-2 gene polymorphism on Fresh Blood Parameters and compare this effect,
Cobb versus Hubbard and male versus female.

Breed Sex

\GF2aenotvoe 1y Hubbard  p  Male  remale  p oW
Eosinophil (x10°/uL) (means + SE)
TT 0.76£0.20 1.20+0.20° 0.05 0.75+0.22 1.20+0.22 0.05 0.85+0.22
TC 0.80+0.20 1.12+0.22 0.05 0.82+0.20 1.12+0.20 0.05 0.82+0.20
CC 0.83£0.22 1.08+0.22 0.05 0.82+0.22 1.08+0.22 0.05 0.82+0.20
p NS 0.05 NS 0.05 NS
Basophil (x10*pL) (means + SE)
TT 3.20+0.42 3.26%0.42 NS 3.23+0.43 3.20+0.42 NS 3.20+0.42
TC 3.22+0.40 3.20+0.40 NS 3.20+0.43 3.22+0.40 NS 3.22+0.40
CcC 3.2240.40 3.23+0.43 NS 3.25+0.40 3.89+0.40° 0.05 3.25+0.40
p NS NS NS NS NS
Monocyte (x10%pL) (means + SE)
TT 1.16+0.32 1.13+x0.32 NS 1.15+0.32 1.16+0.32 NS 1.16+0.32
TC 1.15+0.30 1.14+0.30 NS 1.12+0.30 1.15+0.30 NS 1.15+0.30
CcC 1.16+0.33 1.13+0.33 NS 1.174#0.33 1.16+0.33 NS 1.16+0.33
p NS NS NS NS NS

IGF-2 =insulin-like growth factor-2; SE= standard error; p= probability; 0.05= significant at p<0.05;
NS= no significant. * = significant at 0.05 level between Cobb and Hubbard and between male and
female within each genotype.

3.3. Blood Hetrophil, Lymphocyte and H/L Ratio

From (table 3) that shows the levels of
Hetrophil and Lymphocyte cells and also H/L
Ratio. The result shown there were no
significant effect (P<0.05) in TC and CC
genotypes between Hubbard F-15 and Cobb
500 breeds .But there were significant
effect (P<0.05) in TT genotype higher than
other genotypes in Hitrophil cells count [19].
About the sex, the results shown Significant
increase (P<0.05) in female at TC genotype

3.4. Eosinophil, Basophil and Monocyte Counts
According the results (table 4) there was
significant increase (P<0.05) in Eosinophil
cells count in

Hubbard F-15 breed compeer to Cobb500 in
all IGF2 genotypes under study [23-27]. Also,
there was significant increase (P<0.05) in
Eosinophil cells count in females than males
in all genotypes. There

were no significant differences (P<0.05)
between genotypes in Basophil cells account
in Hubbard F-15

and Cob 500 breed [28]. But there was
significant increase (P<0.05) in Basophil
Cells count in CC

genotype of Females compeer to TT and
TC genotypes [29-31]. The results show no
significan

compared to others in hetrophil cells count
[20]. Results  shown  no significant
differences (P<0.05) in lymphocyte account
between all genotypes in Hubbard F-15 vs
Cobbh500 breed, but also results shown
significant difference (P<0.05) on female in
CC genotype compare to TT and Tc genotype
[21]. Results also no significant differences
(P<0.05) in H/L Ratio among all genotypes
and between males and females [22].



difference (P<0.05) in Monocyte Cells count results of [32].

between all IGF2 genotypes including breeds
and sex. The results were accepted with the

Conclusion

Females with genotypes TT and CC had
significantly higher Hb levels (p<0.05).
PCV% was greater

(p<0.05) in CC genotype females than TT
and TC genotype females. MCV, MCH, and
MHCV for each genotype did not vary
significantly (p<0.05). IGF2 gene race/sex
factors. Offspring revealed a significant
increase in Hitrophil cells (p<0.05) in the
Cobb500 strain of the TC genotype compared
to the TT and CC models, as well as in the
TC genotype of males compared to the TT
and CC models, but it was not found in the TT
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