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ABSTRACT
Breeding programs play an important role in increasing the performance of chickens. The poultry industry regards
growth and reproduction as the two most economically valued characteristics for providing adequate animal proteins.
Genetic variations are the basis of animal breeding. The present study was conducted on three genes, including
Prolactin, 3-Hydroxy-3-Methylglutaryl-Coenzyme A Reductase (HMGCR), and Gonadotropin-Releasing Hormone
Receptor (GNRHR). DNA was isolated from 48 chickens taken from three strains Lohmann Brown (17), Sinai (24),
and Gimmizah (7) for Prolactin, HMGCR, and GNRHR gene amplification by using the PCR protocol.
Electrophoresis was performed on the PCR products and the bands were viewed on a transilluminator. The size of the
Prolactin gene, HMGCR, and GNRHR were 154, 675, and 210 bp, respectively. For the Sinai strain, five bands for
Prolactin, two bands for HMGCR, and six bands for GNRHR were found while for the Lohmann Brown strain, five
bands of Prolactin gene, three bands for HMGCR, and five bands for GNRHR were found. Regarding the Gimizah
strain, two bands were found for Prolactin and GNRHR genes and there was only one band for the HMGCR gene.
The Lohmann Brown strain respectively matured 13 and 91 earlier than Gimizah and Sinai strains with a higher egg
number during the first 90 days.
Keywords: Breeding, Chickens, Egg production, GNRHR gene, HMGCR gene, Prolactin gene, PCR

3-Hydroxy-3-methylglutaryl-coenzyme A reductase
(HMGCR) is a key enzyme for cholesterol homeostasis
and catalyzes the rate-limiting step in cholesterol
biosynthesis (Goldstein and Brown, 1990). The HMGCR
gene directly regulates serum lipoprotein metabolism via a
feedback mechanism (Goldstein and Brown, 1990). The
HMGCR gene plays an important role during the growth
and controls the transfer of primordial germ cells (Van
Doren et al., 1998). The HMGCR is an important
catalyzing enzyme, which catalyzes the product of 3Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) to
mevalonate through four-electron oxidoreduction, which
are the precursors for the generation of cholesterol in
humans and are responsible for the production of
ergosterol in plants, fungi, and protozoa (Istvan and
Deisenhofer, 2000; Henriksen et al., 2006; Macreadie et
al., 2006). Several polymorphisms have been identified in
the HMGCR gene locus (Chasman et al., 2004). The
HMGCR is indicated to be a logical candidate gene for

INTRODUCTION
The Prolactin (PRL) gene promoter is highly polymorphic
and has significant effects on egg quality traits in poultry
(Liu et al., 2010). The PRL is a single-chain polypeptide
hormone that belongs to the growth hormone family of
genes and is mainly synthesized by lactotrope cells of the
anterior pituitary gland of all vertebrates. The PRL gene is
detected to be critical for the onset and kept of these
reproductive behaviors in birds (Liu et al., 2010). Egg
production is the most important feature in layers, which
affects the economic benefits of poultry farmers (Wolc et
al., 2011). Egg production is the most important trait in
layer chickens as it directly influences the benefits of the
poultry industry (Zhuang et al., 2019).
Molecular genetics studies the chemical mechanisms
of inheritance, as an investigation of the biochemical
nature of genetic material and its role in controlling
phenotypic structures (Alameri et al., 2019).
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cholesterol metabolism, which is the rate-limiting enzyme
in cholesterol synthesis (Xu et al., 2010). HMG-CoA
reductase plays a significant role as a resident protein in
the Endoplasmic Reticulum (ER) attached to the ER
membrane consisting of eight transmembrane segments
(Chen et al., 2012).
HMGCR gene is associated with chicken egg
production (Han et al., 2014). The chicken HMGCR gene
is located on chromosome Z, and also contains 20 exons
and 19 introns. The HMGCR gene is important for the
animal growth performance and metabolism of
cholesterol. Wei et al. (2012) found that there is a
relationship between the HMGCR gene and carcass traits,
growth traits, and lipid profile in chickens.
Neuropeptide Y (NPY) and Gonadotrophin
Releasing Hormone Receptor (GNRHR) are also two
candidate genes that play an important role in
physiological functions in growth, especially in
reproduction processes (Fatemi et al., 2012). Two
candidate genes, Gonadotropin-Releasing Hormone
I (GNRH
I) and Gonadotropin-Releasing
Hormone
II (GNRH II) play an important role in egg production in
chickens (Bhattacharya et al., 2019). The GNRHR is a
decapeptide released by the hypothalamus that regulates
reproduction in most vertebrates. The GNRHR gene is one
of the rhodopsin hormones and is expressed in the
pituitary gland, the brain, and testes, spleen, and the heart
(Carolsfeld et al., 2000). The GNRHR is related to the
total egg production and the age of the first egg. The
Gonadotropin-Releasing Hormone (GnRH) stimulates the
release of gonadotropins from the pituitary gland through
its receptor (Sun et al., 2001).
The production process of the avian egg is controlled
by the hypothalamic-pituitary-gonadal-axis (Kuo et al.,
2005). However, GNRHRs are mainly associated with the
development and function of the reproductive axis in avian
species (Bedecarrats et al., 2006). The GnRH binding to
its receptor stimulates gonadotropin secretion from the
pituitary gland and then induces the steroid production
process in the gonads and egg production in chickens
(Sonez et al., 2010). The GnRH and its receptor result in
the appropriate growth, maturation, and maintenance of
the gonads (Dunn et al., 2004). The GNRHR encoded
gene is located on the long arm of chromosome number 10
and consists of 4 exons and a length of 2308 bp (NCBI).
The current experiment aimed to evaluate the
reproductive traits of three chicken strains, including
Lohman Brown, Sinai, and Gimmizah strains, raised in
Egyptian environmental conditions. Moreover, three

associated genes and related egg production traits were
identified.
MATERIALS AND METHODS
Ethical approval
The present study was conducted at the Poultry
Research unit (El-Bostan Farm), Department of Animal
and Poultry Production, Faculty of Agriculture,
Damanhour University, Damanhour, Egypt in 2018. This
study was approved by the Experimental Animal Ethics
Committee of the Faculty of Agriculture, Damanhour
University, Egypt.
Husbandry of flocks
Three chicken strains, including Lohmann Brown
(LB), Sinai (SI), and Gimmizah (GM), were raised in
Egyptian environmental conditions and were selected for
the reproductive traits evaluation. On the day of hatching,
all chickens were permanently identified by wing banded
and placed in floor incubators for the first week after
hatching at a starting temperature of 33°C and then
reduced by 2-3°C every week. All chickens were housed
in the same room and had similar management and
environmental conditions throughout the experimental
period. At 18 weeks of age, the females were placed in
individual laying cages (20 × 45 × 40 cm). All chickens
were fed ad libitum on a diet containing 21% crude protein
and 2.9 Kcal Metabolizable Energy (ME) /kg feed up to 6
weeks of age. They were then given a diet, containing
18% crude protein and 2.8 Kcal ME/Kg feed until they
were 18 weeks old. Afterwards, they received a diet that
contained 16% crude protein, 2.75 Kcal ME/Kg feed,
3.5% Ca, and 0.5% available phosphors during the egg
production period. The light intensity decreased from 8-18
weeks of age to 8-10 hours, after that the light intensity
increased to 16 hours per day during the laying period.
The chickens were vaccinated against Newcastle Disease
Virus, Gumboro, and Fowlpox diseases as recommended.
At 30 weeks of age, wing vein blood samples were taken
from chickens randomly from each genotype (strain).
Egg production traits
Age at Sexual Maturity (ASM) was recorded for
each chicken, the period from hatching to the day of laying
the first egg. The duration of laying time of the first 10
eggs and the weight (EW10) were determined as the
number of days each chicken needed to give its first 10
eggs. Egg Number (EN90) and Weight (EW90) were
recorded for each chicken during the first 90 days of
laying. Egg Mass (EM) was measured for each chicken
during the first 90 days of laying.
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utilizing a spectrophotometer (pg T80, UK), and the final
concentration for polymerase chain reaction (PCR)
reaction was 50-100 ng/ul (Table 1). PCR primers were
designed with NCBI and primers.

DNA extraction and primer design for three
genes
Chicken genomic DNA was extracted from the blood
samples using a Norgen Biotek kit, then quantified

Table 1. Detail information for the primers of the candidate genes (GnRHR, PRL, and HMGCR) used for the polymerase
chain reaction reaction.
Product
Gene /ID
Location
Primers
size
GnRHR
F 5’ CAGGGGACAGGGTGACCTA3’
NC_006097.4
Chromosome 10
210 bp
R 5’GAGGACCACGAGGGATGTTC3’
ID: 427517
PRL
F5’TTTAATATTGGTGGGTGAAGAGAC3’
NC_006089.5
Chromosome 2
154 bp
R 5’ATGCCACTGATCCTCGAAAACTC3’
ID: 396453
HMGCR
F 5’AGGGAACCTCCTGTGTTCCT3’
NC_006127.4
Chromosome Z
675 bp
R 5’AATGGACTTCGACTTGTGGGA3’
ID: 395145
GnRHR: Gonadotropin-Releasing-Hormone Receptor, PRL: Prolactin, HMGCR: 3-Hydroxy-3-Methylglutaryl-Coenzyme A Reductase, bp: base pair.

Table 2. The polymerase chain reaction program used for candidate genes.
Gene

Pre - Denaturation

Denaturation

Annealing

Extension

Final Extension

GnRHR

95 oC/ 5minutes

95 oC/ 45 seconds

59.9 oC / 30 seconds

72 oC/ 45 seconds

72 oC/ 5 minutes

PRL

95 oC/ 5minutes

95 oC/ 45 seconds

54.9 oC / 30 seconds

72 oC/ 45 seconds

72 oC/ 5 minutes

HMGCR

95 oC/ 5minutes

95 oC/ 45 seconds

60 oC / 30 seconds

72 oC/ 45 seconds

72 oC/ 5 minutes

GnRHR: Gonadotropin-Releasing-Hormone Receptor, PRL: Prolactin, HMGCR: 3-Hydroxy-3-Methylglutaryl-Coenzyme A Reductase.

Polymerase chain reaction amplification for the
candidate genes
The PCR amplification was performed in 25 ul
reaction volumes, containing master mix 2× PCR primers
and DNA (Promega, Madison, USA). As can be seen in
Table 2, the program for all genes was done in 35 cycles.
The amplified PCR products were separated by
electrophoresis on 1.5 % agarose in 1× Tris- Acetic –
EDTA(TAE) buffer, ethidium bromide at the voltage of 70
volts for 1 hour, and then were read with UV light from
the transilluminator (Nippon Genetics European Union).

Where, Yij denotes observation, µ refers to general
mean, Sj is the effect of strain, and eij counts for random
error. The student Newman keuls option was used to test
the differences between the strains. In the current
experiment, ANOVA test was used to find out the
significance of the experiment results. In other words, the
test helps to figure out whether the null hypothesis needs
to be rejected or the alternate hypothesis can be accepted
under probability (p ≤ 0.01).

Statistical analysis
The data of chickens from three strains of SI, LB,
and GM strain were collected. The numbers of birds were
150, 130, and 101 from SI, LB, and GM pullets strain,
respectively. Data analysis for egg production were
performed using PROC GLM in SAS (2004) and the
following formula.
𝒀𝒊𝒋 = 𝝁 + 𝑺𝒋 + 𝒆𝒊𝒋

The egg production
The least-square means for egg production traits in
the three strains of Lohmann Brown (LB), Gimmizah
(GM), and Sinai (SI) are indicated in Table 3. The LB
strain matured significantly younger (p ≤ 0.01) (in 147.5
days) than those of local GM and SI strains (Table 3). In
addition, Sinai pullets matured earlier (in 156.6 days),
compared to the Gimmizah strain (in 160.8 days).

RESULTS
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Lohmann Brown Pullets matured 13.3 days and 9.1 days
earlier than the GM and SI pullets, respectively. Regarding
ASM, there was a difference between the three strains,
possibly due to genetic makeup. In a breeding program,
ASM is a very important trait as it affects the properties of
egg production.
The duration of laying the first 10 eggs (DU 10) is
presented in Table 3. There was a highly significant
difference (p ≤ 0.01) between the strains ranging from
13.5 to 17.3 days. The required time to lay the first 10
eggs of LB pullets is shorter than SI and GM pullets. The
SI strain indicated a decreased in DU 10, compared to the
GM strain by 2.18 days. The average egg weight of the
first 10 eggs in the LB strain was 51.12 g, compared to
48.5 gm in the GM strain. The SI strain indicated a
decrease in the average egg weight of the first 10 eggs of
42.7 g. The egg counts during the first 90 days were 62.45,
45.07, and 43.27 for the LB, GM, and SI strains,

respectively (Table 3). The Lohmann Brown strain had a
highly significant EN90 than the GM and SI strains. On
the other hand, there was no significant difference in
EN90 between GM and SI strain.
The Total mean of LB strain indicated a highly
significant (p ≤ 0.01) increase in average egg weight
during the first 90 days (57.58g), compared to GM strain
(53.81 g) and SI strain (48.74 g). The Gimmizah pullets
had the highest egg weight, compared to the SI pullets in
the first 90 days and the difference was significant (p ≤
0.01). Table 3 presents a highly significant difference (p ≤
0.01) between strains on egg mass during the first 90 days
of laying. Pullets of LB strain produced significantly the
largest egg mass, compared to the other pullet strain. The
overall means of egg mass during the first 90 days were
3633.69, 2459.95, and 2099.19 g for LB, GM, and SI
strain, respectively. The SI strain indicated a lower egg
mass than the other strains.

Table 3. Least square means ± Standard Error and analysis of variance for egg production traits in three strains of Lohman
Brown, Gimmizah, and Sinai
Strain
Trait
Age & sexual maturity
Duration of layingthe first10 eggs
Egg weight at first 10 eggs
Egg number during first 90 days of laying
Egg weight at first 90 days of laying
Egg mass

GM

` SI

LB

160.89 ± 2.22A

156.66 ± 1.01B

147.50 ± 0.69C

17.30 ± 0.73

A

48.50 ± 0.59

B

45.07 ± 2.53

B

53.81 ± 0.81

B

2459.95 ± 156.80

B

15.12 ± 0.21

B

42.74 ± 0.42

C

43.27 ± 0.84

B

48.74 ± 0.79

C

2099.19 ± 47.88

ANOVA

**

51.12 ± 0.32

A

**

62.45 ± 1.18

A

**

57.58 ± 0.53

A

13.59 ± 0.25

C

**

C

3633.69 ± 87.09

**
A

**

Different letters in each row mean significant differences (p ≤ 0.05). **: significantly different between strains at (p ≤ 0.001). GM: Gimmizah, SI: Sinai, LB:
Lohman Brownç

their associations have attracted much attention in
mammals. The amplified product was 675 bp. For the SI
strain, two bands were appeared on lines 8 and 22 (Figure
3), while, three bands appeared on lines 12, 14, and 97 for
the LB strain (Figure 4), finally for GM strain only one
band appeared on line 81 (Figure 4).

Polymerase chain reaction amplification for
Prolactin gene
The Prolactin gene located on Chromosome 2 is the
candidate gene associated with increased egg production
in chickens. The Polymerase Chain Reaction (PCR) was
used to amplify the Prolactin gene fragments. The
amplified product was 154 bp, indicating that the amplicon
was Prolactin. For the SI strain, 5 bands appeared on lines
8, 22, 26, 64, and 70 (Figure 1). For the LB strain, five
bands appeared on lines 9, 12, 14, 58, and 97 (Figure 2),
and also for GM two bands appeared on lines 71 and 81
(Figure 2).

Polymerase chain reaction amplification for
Gonadotropin-Releasing Hormone Receptor gene
Fragments were amplified using PCR. The amplified
product was 210 bp, indicating that the amplicon was
GNRHR. For SI strain, 5 bands were displayed on lines 8,
22, 26, 64, and 71 (Figure 5). For the LB strain, 3 bands
were appeared on lines 12, 14, and 97 (Figure 6). For the
GM strain, 2 bands were appeared on lines 71 and 81
(Figure 6). The number of genes associated with economic
characters was limited and few.

Polymerase chain reaction amplification for 3Hydroxy-3-methylglutaryl-coenzyme A reductase gene
As an important candidate gene affecting cholesterol
metabolism, polymorphisms of the HMGCR gene and
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M,
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Figure 1. Polymerase chain reaction amplification gel image of the Prolactin gene of chicken (Sinai strain, M=1 kb ladder)

M,

9, 12, 14

58 , 97

A

M,

71

81

B
Figure 2. Polymerase chain reaction amplification gel image of the Prolactin gene of chicken (A: Lohmann Brown strain, B:
Gimmizah strain, M= 100bp1kb ladder)
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M

8

22

Figure 3. Polymerase chain reaction amplification gel image of the HMGCR gene of chicken (Sinai strain, M=1kb ladder)
M

12

14

97

A

M,

81

B

Figure 4. Polymerase chain reaction amplification gel image of the HMGCR gene of chicken. (A: Lohmann strain, B:
Gimmizah strain, M= 1kb ladder)
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Figure 5. Polymerase chain reaction amplification gel image of the GNRHR gene of chicken (Sinai strain, M=100 bp)

M

12

14

97

A

B
M,

71

81

Figure 6. Polymerase chain reaction amplification gel image of the GNRHR gene of chicken (A: Lohmann Brown strain, B:
Gimmizah strain, M = 100bp)
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production. Based on the obtained results of the current
study, ASM was significantly different among the three
strains of Lohmann Brown, Sinai, and Gimmizah possibly
due to the genetic makeup. The Lohmann Brown strain
can be used to mature earlier and have a higher egg
number than Gimizah and Sinai strains during the first 90
days. The performed PCR indicated some bands for
Prolactin,
3-Hydroxy-3-methylglutaryl-coenzyme
A
reductase, and Gonadotrophin Releasing Hormone
Receptor genes. The authors of the present study aim to
complete their works by examining gene expression using
RT-PCR.

DISCUSSION
In a breeding program, ASM is a really important trait as it
affects the properties of egg production. The laying
duration of the first 10 eggs (DU 10) is presented in Table
3. The ASM of different strains was within the range of
13.5-17.3 days, which supported the results of studies
conducted by EL-Labban et al. (2011), Ghanem et al.
(2012), and EL-Tahawy (2015).
The duration of laying in the first 10 eggs (DU 10) is
presented in Table 3. There was a highly significant
difference (p ≤ 0.01) between strains ranging from 13.5 to
17.3 days, which is in line with the previous studies
reported by Bonekamp et al. (2010), and Taha et al.
(2012). The number of eggs during the first 90 days was
calculated as 62, 45, and 43 for LB, GM, and SI strains,
respectively. The obtained results of maturity agreed with
studies performed by Alicja Sobczak and Krzysztof,
(2015), and EL-Tahawy (2015) that found the overall
means of ASM 147.5 and 156.6 days for LB and SI
strains, respectively. Present results in Table 3 were in
agreement with those obtained by Bonekamp et al. (2010),
and Alicja sobczak and Krzysztof (2015). The overall
means of egg mass during the first 90 days were 3633.69,
2459.95, and 2099.19 g for LB, GM, and SI strains,
respectively, which was consistent with the results
reported by Soares et al. (2011), Alicja sobczak and
Krzysztof (2015), and EL-Tahawy (2015).
Various studies have indicated that polymorphisms
in the chicken PRL gene of different breeds are associated
with egg production (Bhattacharya et al., 2011; Cui et al.,
2006). Prolactin regulates important physiological
functions, such as reproductive and homeostatic effects.
Elkins et al. (2000), and Zhang et al. (2012) found that the
polymorphism of the PRL gene was significantly
associated with egg production traits in chickens and that
it is a strong candidate gene affecting egg production
traits.
The HMGCR was considered to be a logical
candidate gene for cholesterol metabolism, as HMGCR is
the rate-limiting enzyme in cholesterol synthesis (XU et
al., 2010). The GNRHs are responsible for the
development and function of the reproductive properties in
avian (Bedecarrats et al., 2006).
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