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Abstract | This study investigates the association between neuropeptide Y (IVPY) gene expression and growth perfor-
mance and morphology traits in 281 PH chickens using PCR-RFLP genotyping. The analysis revealed significant as-
sociations between growth performance and morphology traits in PH chickens. The correlations between average daily
gains (ADG4 to ADG16) and body weights (BWO0 to BW16) ranged from 0.33 to 0.99, indicating a consistent upward
trend over time. The high body weight (HBW) group exhibited superior growth performance and morphology traits
compared to the low body weight (LBW) group (P<0.01), except for shank length (SL). Notably, NPY gene polymor-
phisms showed significant associations with growth performance and morphological traits (P<0.01). The Bb genotype
was linked to higher body weight and average daily gain during weeks 4 to 16 compared to the bb genotype (P<0.01).
This suggests an influence of the genotype on these traits. Additionally, NPY polymorphism affected body length (BL),
with Bb genotype (21.10 cm) showed significantly higher BL values compared to the BB genotype (20.57 cm). These
findings highlight the potential role of VPY gene variants in influencing growth performance and morphology traits in
PH chickens, providing important genetic markers for selective breeding programs. Incorporating NVPY polymorphisms
into breeding strategies could boost productivity and efficiency in poultry farming. Future research should explore addi-
tional genetic factors influencing these traits.
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INTRODUCTION 36% comes from poultry, with 89% of that production be-
ing chicken. Over 136.5 million tons of poultry meat were

he demand for animal protein, particularly chicken produced worldwide in 2020, a 2.4% rise from the previous
meat, is expected to increase significantly by 2050 year (Dorota and Joanna, 2021). Chickens, which have 39
when the global population is projected to surpass 9.7 bil-  pairs of chromosomes and a substantial number of genes.
lion. Of all the meat produced worldwide, approximately The haploid chicken genome, approximately 40% smaller
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than that of mammals, consists of 1.2 x 10? base pairs and
an estimated 20,000 to 23,000 genes lower than in mam-
malian genomes (Furlong, 2005; Wang ez al., 2024). De-
spite this, numerous genes have been mapped to chicken
chromosomes, allowing comparative genomics to reveal in-
sights into genetic functions and evolutionary relationships
across species. Understanding the genetic architecture of
chickens is crucial for optimizing breeding strategies aimed
at enhancing growth performance, disease resistance, and
meat quality, thus ensuring sustainable poultry production
to meet the rising consumer demand. Compared to broil-
er chicken, indigenous chickens are less productive but are
more suited to the harsh tropical climate and shifting nu-
tritional requirements. However, the taste, leanness, firm-
ness, high protein content, and appropriateness for certain
meals may account for the preferences for native chicken

raised on free range (Rashid ez a/., 2020).

Pradu Hangdum (PH) chicken, it is one of the native
chicken breeds of Thailand, which is well-liked by farmers.
From 2002 until now, the Department of Livestock Devel-
opment (DLD) has been gathering PH chickens from all
across the country to be employed in selective breeding and
herd development. The selection of qualitative characteris-
tics is the main goal of the first phase, focusing on choos-
ing phenotype traits that align with the characteristics of
the PH species as described in the Biodiversity research
project of the DLD. The result is a flock of PH hens that
are at least 85% uniform in appearance and have character-
istics consistent with the breed. As a result, the DLD has
registered the breed of chicken. dated December 9, 2010,
under the name “Pradu Hangdum Chiang Mai chick-
en,” registration number CND 01/2010. In later stages of
breeding, PH chickens with higher growth were chosen
based on quantitative characteristic information. Resulting
in a body weight that was, at 12 and 16 weeks of age, 33%
and 36% more than other native chickens, respectively. The
benefits of PH are well known for their delicious meat, low
fat content, and illness resistance. Their phenotypic features
included a red face, tiny pea-sized comb, pale yellow skin,
and black feathers. Thai native chickens are quite popular
with customers (Mookprom ez a/., 2017). Because its flesh
is of higher quality and has less fat, it also sells for more
money than industrial chicken. Consumers preference for
PH chicken depends on its good meat quality (Rueangwit-
tayanusorn ez al., 2022).

Growth performance traits are among the most significant
economic characteristics in chicken production, as they di-
rectly impact profitability and efficiency (Chomchuen ez
al., 2022). These traits are regulated by multiple genes and
involve complex neuroendocrine pathways, making them
quantitative in nature and challenging to enhance through
conventional selection methods. Traditional breeding tech-
niques often lead to slow and incremental genetic improve-

ments due to the intricate interplay of numerous genet-
ic factors influencing growth (Padwar and Thakur, 2021).
With the increasing understanding of the chicken genome,
it is now possible to identify causal genes and develop new
molecular markers that are selective for desired traits, fa-
cilitating more precise and rapid genetic improvements.
Molecular breeding approaches, which leverage genomic
information, are essential for overcoming the limitations of
conventional selection, enabling the efficient enhancement
of growth traits and ensuring sustainable advancements in

poultry production (Xu ez a/., 2020; Gheyas ez al., 2021).

Morphological traits in chickens, such as body size, feather
pattern, and skeletal structure, are not only vital for breed
identification and aesthetic value but also have significant
implications for growth performance and overall produc-
tivity. These traits are often correlated with key economic
factors, including feed efficiency, meat yield, and health
status, making them critical indicators in poultry breeding
programs (Sam ez /.,2019). The relationship between mor-
phology and growth traits is complex, as both are influ-
enced by genetic and environmental factors that determine
the physical and physiological development of chickens
(Vilakazi ez al., 2020; Bila and Tyasi. 2022). Understanding
this relationship can help in developing more effective se-
lection strategies to enhance growth performance, thereby
improving the efficiency and sustainability of poultry pro-
duction. A comparative analysis of the morphological char-
acteristics of PH chickens with other indigenous breeds re-
veals several unique and advantageous traits. PH chickens
are known for their robust body structure, which includes
a well-developed breast and substantial body weight, dis-
tinguishing them from other native breeds such as Chee
chickens. While Chee for its resilience in harsh environ-
ments, PH chickens excel in growth performance and meat
quality. This genetic advantage not only enhances their pro-
ductivity but also positions PH chickens as a valuable re-
source in selective breeding programs aimed at optimizing
growth performance and morphological traits.

One option that may have long lasting impacts on the
poultry industry is the genetic selection method of growth
performance using molecular approaches. To quickly en-
hance growth performance and meet the significant market
demand for increased production, it is imperative to study
native chicken breeds, such as PH chickens, utilizing mo-
lecular marker techniques. Promising approaches for ge-
netic enhancement in breeding programs are provided by
molecular techniques, such as genetic marker approaches
and molecular technologies (Promket ez a/., 2023; Prom-
ket et al., 2024). The utilization of marker assisted selec-
tion (MAS) to modify the genetic composition of native
chickens and enhance their developmental potential is
made possible by the identification of polymorphisms and
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utes (Piorkowska ez al., 2020; Mastrangelo ez al., 2023). By
incorporating these molecular approaches, breeders can
achieve more precise and rapid genetic improvements, en-
suring sustainable advancements in poultry production to
tulfill rising consumer demands.

The neuropeptide Y (IVPY) gene is one of the significant
genetic markers for growth performance in chickens. It
plays a crucial role in regulating gonadal activity, feeding
behavior, and insulin secretion. Studies have shown that
NPY injections can alter plasma levels of prolactin, lutein-
izing hormone, growth hormone, vasopressin, and thyro-
tropin. Moreover, VPY influences food intake and sexual
development, affecting ovulation and linking to the age at
first egg, potentially increasing the rate of egg production
in hens (Sartsoongnoen ez a/.,2021). Given these extensive
physiological functions, the NPY gene holds promise for
improving growth and reproductive traits through genetic
selection. If gene markers for economically important traits
are identified, information on marker genotypes can be uti-
lized to selectively breed chickens with desirable character-
istics (Zubaidi ez al., 2023). Therefore, understanding the
genetic basis of growth traits is vital for advancing breed-
ing programs and enhancing productivity in the livestock
industry. The genetic underpinnings of growth traits and
morphological characteristics in poultry are critical for
understanding and improving breeding programs. NPY
gene polymorphisms, in particular, play a significant role in
regulating growth performance and morphological traits.
Genetic variations in the VPY gene can influence feeding
behavior, metabolic processes, and overall growth efficiency,
making it a relevant candidate for genetic studies.

'The NPY gene has been shown in previous studies to be a
strong contender for regulating growth performance traits
in hens. However, it remains unknown whether nucleotide
polymorphisms in the NVPY gene are associated with varia-
bles affecting the growth performance of PH chickens. This
gap in knowledge underscores the need for further inves-
tigation to elucidate the genetic underpinnings of growth
traits specific to this breed. Additionally, the relationship
between NVPY polymorphisms and morphological traits in
PH chickens has not been thoroughly explored. The study
of NPY polymorphism in PH chickens is crucial because it
can provide insights into the genetic factors that influence
growth performance and morphological traits, which are
essential for selective breeding. Understanding these genet-
ic variations can help optimize breeding strategies, leading
to improved productivity and sustainability in poultry farm-
ing. Furthermore, investigating VPY gene polymorphisms
in PH chickens can contribute to the broader field of avian
genetics and enhance our knowledge of genetic determi-
nants in indigenous chicken breeds. Therefore, the aim of
this study is to identify polymorphisms in the NPY gene

and examine their relationship to both growth performance

and morphological traits in PH chickens. By addressing
this gap, the research aims to improve our comprehension
of the genetic characteristics that influence growth and
morphology, which will help guide selective breeding strat-
egies to enhance production efficiency and effectiveness.

MATERIALS AND METHODS

ANIMALS MANAGEMENT AND DATA

'The Chiangmai Livestock Research and Breeding Center,
located in Thailand, Chiangmai district, provided the data
from 281 PH. Every chicken utilized in this research was
a female breeder chicken. Growth performance data were
collected from birth until 16 weeks of age. The area expe-
riences have hot and humid weather during the summer
season, with temperatures ranging from 21.3°C to 32.5°C
and humidity averaging around 52%. PH chickens resided
in an open-air living arrangement. Individual chicken was
identified by their wing bands. After a 21-day incubation
period, the chicks will be raised in captivity at a density of
8 birds per square meter until they are 18 weeks old. After
that, move them to separate battery cages. The PH chick-
ens were kept under controlled lighting conditions, with 16
hours of light and 8 hours of darkness every day, in order to
promote photo responsiveness. Each open pen (8 m wide
x 8 m deep x 16 m high) contained one raised chicken, a
room temperature atmosphere, and tools that make exact
care and monitoring possible which met or exceeded Good
Agricultural Practices for chicken farms recommendations.
'The chickens were given a commercial meal (pelleted) con-
taining 19% crude protein (CP) or 3,200 kcal from birth to
five weeks of age; from six to twelve weeks, they were given
15% CP (3,200 kcal ME/kg); and from thirteen to six-
teen weeks, they were given 13% CP (3,200 kcal ME/kg).
Water and food were available to the chickens at all times
during the experiment (ad /ibitum). Following the widely
used chicken vaccination methods, the farm veterinarian
conducted the immunization regimen. Standard operating
procedures of the Thai Agricultural Standard were followed
in the provision of the management and feeding program.
All procedures involving animals in this study were con-
ducted in accordance with ethical standards and were ap-
proved by The Institutional Animal Care and Use Com-
mittee (IACUC) of Mahasarakham University in Thailand
(IACUC-MSU-9/2023).

'The growth performance of the PH chickens was evaluat-
ed according to standardized procedures by weighing each
chicken (n = 281) using a calibrated scale by recording birth
weight (BWO) and body weight at 4, 8,12, and 16 weeks of
age (BW4, BW8, BW12, and BW16, respectively) to en-
sure consistency and reliability in performance evaluation.
These measurements were recorded in individual records
kept for performance analysis. To assess the average daily
gain (ADG) at different stages of growth, the following

formula was used:
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(final weight — initial weight)

Average daily gain (ADG) (g/day) = rumber of days

Based on these measurements, ADG at different intervals
was calculated: ADG at 0-4 weeks (ADG4), ADG at 4-8
weeks (ADGS), ADG at 8-12 weeks (ADG12),and ADG
at 12-16 weeks (ADG16). These values were used to ana-
lyze the growth performance of the chickens over specific
time periods.

At one year of age, each chicken underwent six morpho-
logical evaluations, including breast width (BrW), breast
length (BrL), shank length (SL), body length (BL), height
toe to back (HB), and height toe to comb (HC). A Vernier
caliper was used to measure six morphological characteris-
tics. The measurements were conducted using standardized
techniques to ensure accuracy and consistency following
FAQ’s descriptor for the characterization of chicken genet-
ic resources (FAQO, 2012) (Figure 1).

body length, BL

height toe to
comb, HC

Brw

shank length, SL

Figure 1: Measurement of morphological traits in PH
Chickens.

At year weight, the PH chickens were divided into two
groups: low body weight (LBW) and high body weight
(HBW). PH chickens from the 25 percent (Q1) were clas-
sified as belonging to the low body weight group (LBW),
whereas those from the 95 percent were classified as be-
longing to the high body weight group (HBW). To com-
pare the body weight and genotype distribution of the
LBW and HBW populations.

SAMPLE COLLECTION AND DNA EXTRACTION

Extraction of DNA from the wing veins, 1.5 mL mi-
crotubes containing 100 pL of 0.5 M ethylenediamine-
tetraacetic acid (EDTA) were filled with each 1 mL of
blood sample in order to prevent blood clotting. Using the
guanidine hydrochloride method, genomic DNA was iso-
lated from whole blood samples, as reported by Goodwin
et al. (2011). The blood samples were treated with cell lysis
buffer and protein precipitation. After that, they were cen-

trifuged for five minutes at 10,000 rpm and 4°C, which
separated the supernatant. After carefully transferring the
supernatant to new 1.5 mL microtubes, 100% isopropanol
was added to help in the precipitation of DNA. The DNA
was then precipitated for five minutes at 10,000 rpm and
4°C. Using 75% ethanol, two rounds of DNA pellet wash-
ing were carried out. A Thermo Scientific (USA) Nano-
drop 2000c Spectrophotometer was used to measure the
genomic DNA volume and purity. After that, the isolated
DNA was kept at -20°C.

MARKERS AND GENOTYPING PCR-RFLP
PROCEDURE

'The NPY polymorphisms of PH, which were genotyped
using PCR-RFLP, were used as markers to assess the ef-
fects on growth performance and morphological traits. A
total reaction volume of 10 pL. was used for each genotyp-
ing experiment using the polymerase chain reaction (PCR).
'The following elements made up the reaction mixture: 1 pL.
of 10X PCR buffer, 1 pLL of 1 mM dNTPs, 1 pL of each 5
mM primer, 0.8 uL. of 50 mM MgCl, 0.1 pL. of Taqg DNA
polymerase from Promega (San Diego, CA), 4.1 pL of nu-
clease-free water, and 1 pL of genomic DNA at a concen-
tration of 50 ng/mL were used. The gene specific primer

BY

(Forward primer- 5-TCTCAGAGCTCCAACGTAT-
GA-3; Reverse primer: 5- ATATTTCTGTGCCTGAA-
CAACA -3) was used to amplify the region of the NPY gene.
The NPYgeneislocated on chromosome 2 (gene ID 396464)
and type of polymorphism 4 bp deletion at position 494-499.

A thermal cycler (iCycler thermal cycler, BioLab, USA; Cor-
bett Research, Australia 2003) was used to amplify PCR. A
pre-denaturation stage at 94 °C was followed by a 5-minute
incubation period. Following this, thirty seconds of dena-
turation at 94 °C, forty seconds of annealing at 60 °C, thirty
seconds of extension at 72 °C, and five minutes of final ex-

tension at 72 “C were all completed in 35 cycles. The results
of the PCR were kept cold (4°C) for additional examination.

'The PCR product of NPY gene was evaluated by electro-
phoresis on a 2% agarose gel. Following forty minutes of
electrophoresis at 100 V, the gel was dyed for ten minutes
using GELSTARTM (Gelstar Inc., NY). Following that,
the PCR products were treated to an overnight digestion
using the Dral enzyme at 37 °C. After that, restriction pat-
terns were seen using 2.5% agarose gel electrophoresis at
100 V 45 min, GELSTARTM staining (Gelstar Inc., NY),
and Gel Documentation equipment (Lab Focus, Inc.). This
technique made it possible to accurately identify genotypes.

STATISTICAL ANALYSIS

With SAS (Statistical Analysis System, Version 9.4,2019),
all growth performance and morphological trait variables in
all PH chickens (n=281) were examined using Proc means.
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The mean, standard deviation (SD), minimum (IMin), max-
imum (Max), and coeflicient of variation (CV') of the data
were provided. In addition, Pearson’s correlation coefhi-
cients among growth performance and morphological pa-
rameters were also calculated using Proc corr (SAS, 2019).

Based on the YW trait, the chickens were split into two
groups (LBW and HBW), and the means were analyzed
using t-tests to determine the significance of the differ-
ences between the LBW and HBW groups. A statistical
difference was considered significant if its P-value was less
than 0.05. In SAS software version 9.4.

ANALYSIS OF MARKER AND TRAITS ASSOCIATIONS
Gene genotype and allele frequencies were found at each
locus. Hardy-Weinberg Equilibrium (HWE) and poly-
morphism information content (PIC) were tested using
chi-square (y2) (Falconer and Mackay, 1996).

The connections between genotype and growth perfor-
mance and morphological characteristics were examined
using the least-squares approach (GLM Procedure, Statisti-
cal Analysis System, Version 9.4,2019). GLM assumptions
include that the response variable has an exponential fam-
ily distribution, the link function accurately connects the
response mean to the linear predictor, and the observations
are independent. Regarding the model that was applied to
the data analysis, the following assumptions were made:

Yrpu+Gey

Where;

Yij: the PH chicken characteristics.

4: population mean values for the characteristics.
G fixed effects related to the genotype of NPY.

e residual error.

RESULT'S AND DISCUSSION

GROWTH PERFORMANCE AND MORPHOLOGY TRAITS

Table 1 shows the growth performance summary (BWO,
BW4, BWS8, BW12,BW16, ADG4, ADGS8,ADG12, and
ADG16) as well as the morphological features summary
(BrW, BrL, SL, BL, HB, and HC). The dataset presents
the mean values, standard deviations (SD), minimum
(Min), maximum (Max), and coeflicient of variation (CV)
for these traits. For body weights from BWO to BW16,
the mean and standard deviations range from 29.54 + 3.39
g to 1,485.70 = 127.10 g, reflecting the various stages of
growth. The average daily gains (ADG) show mean values
of 9.38 g/day (ADG#4), 13.72 g/day (ADGS), 13.99 g/day
(ADG12),and 13.00 g/day (ADG16), indicating the rate of
weight increase over time. These data points provide a clear
understanding of the growth patterns and physical devel-
opment of the PH chickens throughout the study period.

The means of breast width (BrW), breast length (BrL),
shank length (SL), and body length (BL) were 7.45 cm,
12.99 cm, 7.70 cm, and 20.80 cm, respectively, according to
descriptive statistics of morphological parameters. When
the average was divided by the standard deviation to get the
CV, the results showed that BrW had a 11.46 % CV and
BrLL had 7.41 % CV.

Table 1: Descriptive statistics of growth performance and
morphology traits for PH chickens.

Traits N Mean SD Min Max CV (%)
Growth performance

BWO, g 281 29.54 3.39 21.00 39.20 11.47
BW4, ¢ 281 292.40 40.78 160.00 406.00 13.94
BWS, g 281 797.90 77.60 579.00 1,004.00 9.72
BW12, ¢ 281 1,205.20 112.50 895.00 1,464.00 9.25
BW16, g 281 1,485.70 127.10 1,100.00 1,800.00 8.55
ADGH4,g/d 281 9.38 1.41 4.68 13.29 15.02
ADGS, g/d 281 13.72 1.36 9.85 17.38 9.94
ADGI12,g/d 281 13.99 1.31 10.33 17.11 9.39
ADG16, g/d 281 13.00 1.12 9.56 15.80 8.64
Morphology

BrW, cm 279 7.45 0.85 5.00 9.90 11.46
BrL, cm 279 12.99 096 10.30 15.30 7.41
SL, cm 279 7.70 0.76 5.70 11.50 9.92
BL,cm 279 20.80 1.31 18.00 25.00 6.31
HB, cm 279 31.43 1.57 25.00 35.00 5.00
HC, cm 279 49.68 2.37 40.00 55.00 4.77

BWO is birth weight, BW4 is body weight at 4 weeks;
BWS is body weight at 8 weeks; BW12 is body weight
at 12 weeks; BW16 is body weight at 16 weeks; ADG4 is
ADG at 0-4 weeks; ADGS8 is ADG at 4-8 weeks; ADG12
is ADG at 8-12 weeks; ADG16 is ADG at 12-16 weeks;
BrW is breast width; BrL is breast length; SL is shank
length; BL is body length; HB is height toe to back; HC
is height toe to comb.

Based on their weight at one year of age, the chickens were
divided into two groups: LBW (n=73) and HBW (n=73).
'The development performance and morphological features
of the PH chickens in the LBW and HBW groups are
displayed in Table 2. A comparison of the morphology and
growth performance between the two groups revealed that
the HBW group had significantly higher BW0-BW16 val-
ues than the LBW group (P < 0.01). Similarly, there was a
highly significant difference (P < 0.01) in ADG4-ADG16
levels between the HBW and LBW groups.

Furthermore, the morphology traits (BrW, BrL, BL,
HB, and HC) in the HBW group were higher than in
the LBW group (P < 0.01), with the exception of the SL
trait, which did not differ between the two comparison
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groups (P > 0.05). The means + SE of BrW, BrL, BL, HB,
and HC for the PH chickens in the HBW group were
7.88+0.08 cm, 13.31£0.09 cm, 21.53+0.15 c¢m, 32.17+0.16
cm, and 50.70+0.24 cm, respectively. Furthermore, Table
2 shows that the means = SE of BrW, BrL, BL, HB, and
HC for the chickens in the LBW group were 7.11+0.09
cm, 12.49+0.11 cm, 20.27+0.13 cm, 30.67+0.16 cm, and
48.54+0.28 cm, respectively.

Table 2: Growth performance and morphology traits of

PH for LBW and HBW groups.
Traits LBW HBW P-Value
Means SE Means SE
Growth performance
BWO, g 28.89  0.36 29.99 037  0.03
BWH4, ¢ 282.83 4.43 303.49 4.92  0.002
BWS, ¢ 765.36 9.18 827.69 9.35 0.001
BW12, ¢ 1,154.19 13.42  1,256.91 13.74  0.001
BW16, ¢ 1,421.53 16.03  1,548.43 15.26  0.001
ADGH4,g/d  9.06 0.15 9.76 0.17  0.003
ADGS,g/d 1315 0.16 14.24  0.16 0.001
ADG12,g/d 1339 0.15 14.60 0.16 0.001
ADG16,g/d 12.43 0.14 13.55 0.13 0.001
Morphology
Brw, cm 7.11 0.09 7.88 0.08 0.001
BrL, cm 1249 0.11 13.31  0.09 0.001
SL, cm 7.60 0.10 7.85 0.08 0.06
BL,cm 20.27 0.13 21.53 0.15 0.001
HB, cm 30.67 0.16 32.17 0.06 0.001
HC, cm 48.54  0.28 50.70 0.24  0.001

BWO is birth weight; BW4 is body weight at 4 weeks;
BW8 is body weight at 8 weeks; BW12 is body weight
at 12 weeks; BW16 is body weight at 16 weeks; ADG4
is ADG at 0-4 weeks; ADGS8 is ADG at 4-8 weeks;
ADG12 is ADG at 8-12 weeks; ADG16 is ADG at 12-
16 weeks; BrW is breast width; BrL is breast length; SL is
shank length; BL is body length; HB is height toe to back
and HC is height toe to comb; * is significant difference
(P<0.05); ** is extremely significant difference (P < 0.01); ™
is non-significant difference (P>0.05).

PHENOTYPIC CORRELATIONS AMONGST GROWTH
PERFORMANCE AND MORPHOMETRIC TRAITS IN PH
CHICKEN

Table 3 presents the correlation coefficients between growth
performance and morphological traits in PH chickens.
The correlations between body weights at different ages
at week (BW0-BW16) ranged from 0.31 to 0.77, indicat-
ing a moderate positive correlation. This moderate posi-
tive relationship suggests that body weight measurements
over time are consistently related, though not strongly, to

one another. Additionally, the correlations between aver-
age daily gain (ADG) from ADG4 to ADG16 showed
moderate to high positive correlations, ranging from 0.50
to 0.76. This indicates a stronger positive relationship be-
tween the growth rates over successive periods. In con-
trast, the correlations between growth performance traits
and morphological characteristics were low, ranging from
low to moderate levels. These findings suggest that while
morphological traits have some predictive value for growth
performance, their predictive power is limited. Correlation
between growth performance and morphological traits,
allowing for the selection of chickens with both superi-
or growth and optimal morphological features. The mod-
erate correlations between weight measures and growth
rates highlight the potential of using these traits in selec-
tive breeding programs, although the lower correlations
with morphological traits suggest that additional factors
must be considered for comprehensive breeding strategies.

SEQUENCE VARIATION AND PCR-RFLP ANALyYsIS
The amplified PCR product of NPY gene in PH chick-
en, with PCR product sizes of 240 bp. Genotype pattern
when cut with the restriction enzyme (Dral) exhibited 3
genotypes: genotype BB (240 bp), genotype Bb (240 bp,
161 bp, and 79 bp), and genotype bb (161 bp and 79 bp).
Genotype frequencies and gene frequency values were cal-
culated according to Falconer’s principle. Table 4 showed
gene frequencies of gene B (0.28) lower than gene b (0.72).
Genotype frequencies for Bb and BB were 0.30 and 0.13,
respectively, the most common genotype for NPY was bb
(0.57). Additionally, tests for HWE showed that the NPY
genes did not meet the equilibrium assumption and did
not adhere to HWE. The deviation from Hardy-Weinberg
Equilibrium (HWE) indicates that the genetic structure of
the population may be influenced by evolutionary factors
or selective breeding practices. Therefore, the NPY gene
not adhering to HWE suggests that there are evolution-
ary pressures or selective breeding strategies aftecting the
genetic makeup of the PH chicken population. This could
include factors such as non-random mating or genetic
drift. For the calculated PIC value of VPY gene was 0.32.
According to these results, the NPY gene variation in PH
chickens is moderate levels (Table 4). Polymorphism In-
formation Content (PIC) is a measure used in genetics to
quantify the informativeness of a genetic marker for link-
age and association studies. It reflects the degree of pol-
ymorphism within a population by considering both the
number and frequency of alleles. A higher PIC value indi-
cates a more informative and diverse marker, while a low-
er value suggests less diversity and informativeness. PIC
values can range from O (no polymorphism) to 1 (highly
polymorphic).
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Table 3: Pearson correlation coefficient among growth performance and morphology traits in PH chickens.

traits 1 2 3 4 5 6 7
Growth
1_BWO
2_BW4
3_BW8
4_BW12
8_BW16
6_ADG4
7_ADGS
8_ADG12
9_ADGI16
Morphology
10_Bre W

11 _Bre L
12_Shank L
13_Body_L
14_Hight1
15_Hight2

0.37" 0.34"
0.52" 0.99"
0.63" 0.66"
0.65" 0.54°
1.00 0.517

1.00

0.317
0.55"
0.77"
1.00

1.00 0.41° 0.37°
1.00 0.67"
1.00

1.00

Table4: Genotype and genefrequenciesfor polymorphisms.

Gene N  Genotype gene Chi- PIC
frequency frequency Square
BB Bb bb B b
NPY 1.00 0.13 0.30 0.57 0.28 0.72 19.08 0.32
281 36 83 162

ASSOCIATION OF NPY HAPLOTYPES WITH GROWTH
PERFORMANCE AND MoRPHOLOGY TraITS IN PH
CHICKENS

'The investigation of the relationships between polymor-
phisms in the candidate gene INPY and various growth
performance and morphological traits in PH chickens
revealed significant associations (Table 5). Notably, NPY
gene polymorphisms were significantly associated with key
growth performance parameters, including BW4, BWS,
BW12, and BW16, as well as ADG4, ADGS8, ADG12,
and ADG16. The highly significant (P < 0.01) associa-
tions between NPY gene polymorphisms and BW12 and
ADG12 were particularly noteworthy. It’s interesting to
note that the Bb genotypes were associated with higher
values of BW12 and ADG12 (1,245.58 g and 14.47 g/d,
respectively) in comparison to the bb genotype (1,183.83
g and 13.74 g/d, respectively). However, in terms of BW12
and ADG12, there was no statistically significant differ-
ence between the chickens with the Bb and BB genotypes.
In particular, PH chickens with the BB genotype in the
NPY gene showed higher values for BW4 and ADG4 than
PH chickens with the bb genotype, although there was
no statistical difference between the BB and Bb genotype.
In addition, there was no statistically significant difference

0.33"
0.66~
0.99"
0.76”
0.63"
0.65~

8 9 10 11 12 13 14 15
0.28" 0.35" 0.20° 0.14° -0.12° 0.28" 0.09® 0.04
0.54" 0.52" 0.23" 0.11~ -0.15" 0.29° 0.14 0.02™
0.76" 0.63" 0.30° 0.14 -0.08" 0.32" 0.11™~ 0.09"
0.99" 0.65° 0.27° 0.18" -0.10™ 0.38" 0.09™ 0.03"
0.64" 0.99” 0.21" 020" -0.02™ 0.32" 0.16° 0.14
0.53" 0.50" 0.22" 0.10™ -0.15" 0.28° 0.14 0.02"
0.76" 0.62" 0.30" 0.13° -0.08™ 0.31" 0.11= 0.08"
1.00 0.64" 0.26" 0.18" -0.10* 0.37° 0.09* 0.02®
1.00 0.21" 0.20" -0.02» 0.31" 0.16° 0.14
1.00 0.28" 0.13° 0.31" 0.09*= 0.08
1.00 -0.04™ 0.36" 0.11™= 0.06™
1.00 -0.27* 0.18" 0.28"
1.00 0.17° 0.11=
1.00 0.717
1.00

in BWS8, BW16, ADGS8 and ADG16 between the Bb
genotypes (815.67 g,1,519.40 g, 14.03 g/d and 13.30 g/d,
respectively) and the BB genotype (805.21 g, 1,496.67 g,
13.85 g/d and 13.10 g/d, respectively). Additionally, NPY
polymorphism has been found to have eftects on only the
BL trait of PH chickens (P < 0.05). The mean BL val-
ue for PH chickens with the Bb genotype (21.10) and bb
genotype (20.69) was significantly higher than that of PH
chickens with the BB genotype (20.57) (P < 0.05).

Native chickens play a crucial role in sustainable agricul-
ture, biodiversity conservation, and cultural heritage pres-
ervation. These indigenous breeds possess unique genetic
traits adapted to local environments, making them resil-
ient to diseases, climate variations, and resource constraints
(Wondmeneh ez a/., 2021). Additionally, native chickens
often exhibit L-carnitine content, superior taste, texture,
and nutritional quality compared to commercial breeds,
contributing to their growing popularity among consum-
ers seeking organic and traditional food options (Leng-
kidworraphiphat ez a/., 2021). Moreover, the production
and consumption of native chicken meat and eggs support
local economies, empower smallholder farmers, and foster
community resilience against external market fluctuations
and food insecurity (Adoligbe ez 4/, 2020). Consumer
preferences for native chicken products stem from their
perceived authenticity and sustainable production prac-
tices, driving demand in both domestic and international
markets. Thus, investing in the conservation and promo-
tion of native chicken breeds is not only essential for pre-
serving genetic diversity but also for promoting food se-
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Table 5: Least square mean of growth performance and
morphologytraitsbygenotype of NPYgenesin PH chickens.

Trait Genotype P-value
Growth BB Bb bb
performance

BWO, g 29.35 29.92 29.40 ns
BW4, ¢ 301.23*  299.92* 286.73> *
BWS, g 805.21*  815.67*  789.4%> *
BW12, ¢ 1,213.754% 1,245.58* 1,183.838 **
BW16, g 1,496.67* 1,519.40* 1,467.38" *
ADG4, g/d 9.71¢ 9.64® 9.19° *
ADGS, g/d 13.85®  14.03® 13.53>  *
ADG12, g/d 141048 14.474  13.74% ™
ADG16, g/d 13.10®  13.30® 12.84>  *
Morphology

Brw, cm 7.28 7.61 7.40 ns
BrL, cm 12.69 13.10 13.00 ns
SL, cm 7.75 7.69 7.69 ns
BL, cm 20.57° 21.10° 20.69® ¥
HB, cm 31.45 31.31 31.49 ns
HC, cm 49.94 49.16 49.89 ns

BWO is birth weight, BW4 is body weight at 4 weeks;
BWS is body weight at 8 weeks; BW12 is body weight
at 12 weeks; BW16 is body weight at 16 weeks; ADG4
is ADG at 0-4 weeks; ADGS8 is ADG at 4-8 weeks;
ADG12 is ADG at 8-12 weeks; ADG16 is ADG at 12-
16 weeks; BrW is breast width, BrL is breast length; SL is
shank length; BL is body length; HB is height toe to back
and HC is height toe to comb; * is significant difference
(P<0.05); ** is extremely significant difference (P < 0.01); ™
is non-significant difference (P>0.05).

The growth characteristics of chickens are of economic
importance traits, influencing meat production efficiency
and profitability (Promket ez a/., 2021; Chomchuen ez al.,
2022). Traits such as average daily gain, feed conversion
ratio, body weight and growth rate are critical econom-
ic indicators, and their enhancement through selective
breeding can significantly boost productivity. Heritability
value of growth traits in chickens are generally moderate to
high (0.32 — 0.42), indicating a strong genetic component
and the potential for substantial genetic gains through se-
lection (Chen ez al., 2021; Haunshi ez al., 2022). Selective
breeding programs targeting these traits in native chicken
breeds can lead to improved growth performance while
preserving their adaptability and resilience to local condi-
tions (Sapkota e# al., 2020).

'This study found that the correlation between body weight
(BWO to BW16) and the BL trait ranged from 0.28 to
0.38, while the correlation between ADG4 - ADG16
and the BL trait ranged from 0.28 to 0.37. These moder-

ate correlations are consistent with findings from several
other studies. This indicates a consistent relationship be-
tween these growth performance and morphological traits
in chickens. The moderate correlation suggests that while
BL is a useful indicator, it should be used in conjunction
with other traits for more effective selection in breeding
programs. The morphological characteristics of indigenous
chickens, such as body size, wing shape, leg structure, breast
girth, keel length, shank length, and body length, exhibit a
significant correlation with their growth traits, weight gain
rate and carcass traits. Research indicates that these phys-
ical attributes can effectively indicate the growth potential
of chickens. Selecting breeds based on morphological traits
can be used as indirect selection for efficient, allowing to
enhance the growth performance of indigenous chickens
(Sam ez al., 2019). The phenotypic characterization of
native chickens makes it easier to combine advantageous
and desired features with favorable conditions, enabling
optimal growth and reproduction performance (Vilaka-
zi et al., 2020). Another study by Bila and Tyasi (2022)
used of multivariate principal component analysis (PCA)
on the morphological characteristics of Ross 308 chickens
demonstrates a clear relationship with body weight traits.
Although studies have shown a correlation between mor-
phological traits and growth performance in chickens, fur-
ther research is needed in the PH chicken population to
tully understand these relationships. Investigating how se-
lective breeding can simultaneously optimize both morpho-
logical and performance traits is crucial. This approach can
lead to the development of chicken breeds with enhanced
growth efficiency and desirable physical characteristics.

Molecular breeding, particularly through marker assisted
selection (MAS), offers significant advantages in improv-
ing growth traits of native chicken breeds. MAS utilizes
molecular markers linked to desirable traits, allowing for
the precise selection of individuals with superior genetic
potential (Sharma ez a/., 2024). This method enhances the
efficiency, reducing the generation interval by identifying
and selecting for specific alleles associated with enhanced
growth performance and accuracy of breeding programs
compared to traditional selection methods (Budhlakoti e#
al., 2022). This study identified genetic markers influenc-
ing growth traits, aligning with research on Chinese native
chicken populations. The research showed 14 SNP markers
strongly associated with growth traits, indicating potential
for enhanced selection and breeding strategies. The results
underscore the importance of genetic markers in optimiz-
ing growth traits in poultry (Li ez /., 2020). Furthermore,
MAS for improving body weight in local chickens. In ad-
dition, it was also found that adaptive traits are maintained
while improving economic performance (Helal and El-

Gendy 2023; Mastrangelo ez al., 2023).

'This study examined the NPY gene using PCR-RFLP and
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types: BB (240 bp), Bb (240 bp, 161 bp, and 79 bp), and bb
(161 bp and 79 bp). This indicates that the frequency of the
b allele is higher than that of the B allele. The bb genotype
predominance points to a possible selection advantage or
past drift in favor of the b allele. This result is consistent
with recent research showing the distribution of genotypes
arising from the digestion of NPY gene in white Iraqi fe-
male chickens using the restriction enzyme (Dral). More-
over, the genotype frequency of the recessive homozygous
genotype was higher than that of the dominant homozy-
gous genotype of local white Iraqi chicken (Zubaidi ez a/.,
2023). The predominance of the recessive homozygous
genotype suggests potential implications for genetic diver-
sity and breeding strategies. However, the study contradicts
the findings of Padwar and Thakur (2021), which showed
that genotype dominant homozygous was predominant in
the Kadaknath and Jabalpur chicken populations (India
native chickens) when exploring NPY gene polymorphism
using PCR-RFLP assay. In contrast, our research revealed
a higher frequency of the recessive homozygous genotype
compared to the dominant homozygous form. This dis-
crepancy highlights the variability in genetic distribution
across different chicken breeds.

'The research findings elucidating the relationship between
the VPY gene and growth performance in PH chickens
provide valuable insights into the genetic mechanisms
underlying phenotypic traits. The observed association
between the Bb genotype and higher body weight during
weeks 8-16, as well as increased average daily gain (ADG8
- ADG16), but no significant difference with the BB gen-
otype. According to earlier research, highlights the poten-
tial influence of the VPY gene on growth regulation in na-
tive Thai chicken (Sartsoongnoen ez a/., 2020; Padwar and
Thakur, 2021). These results suggest that the Bb genotype
may offer advantage in growth performance, emphasizing
the importance of genetic markers in selective breeding
programs aimed at improving growth traits in chickens.

One of the neuropeptides that is most widely expressed in
the central and peripheral nervous systems is neuropeptide
Y (VPY). In fact, it has been demonstrated that NPY reg-
ulates feed intake and energy homeostasis by stimulating
appetite and feeding behavior in a variety of animals, in-
cluding mice, rats, chickens, and rabbits. Recent research
has revealed that the thyroid, heart, spleen, adrenal glands,
white adipose tissue, muscle, and bone are among the pe-
ripheral tissues that release this neuropeptide and its re-
ceptors (Greene e al., 2022; Tran ez a/l.,2023). In addition,
the important effects of NPY on the importance economic
characteristics of chicken were highlighted. Genetic varia-
tions in the VPY gene have been associated with differences
in body weight, feed conversion ratio, and egg production
(Padwar and Thakur, 2021; Promket ez al., 2023; Zubaidi
et al., 2023; Promket ez al., 2024). Specifically, allelic vari-

ations that enhance NVPY expression can lead to increased
teed intake and improved growth rates, making VPY a val-

uable target for genetic selection in breeding programs.

NPY, which plays a significant role in various physiolog-
ical processes including growth, appetite regulation, and
energy homeostasis. NPY is predominantly produced in
the hypothalamus, an area of the brain that regulates hun-
ger and energy balance. When energy levels are low, NPY
is released to stimulate appetite, encouraging food intake
and subsequently increasing energy availability for growth
processes. Moreover, NPY promotes the storage of ener-
gy in the form of fat by reducing energy expenditure. This
ensures that there are sufficient energy reserves to support
growth and other vital functions. NVPY can influence the se-
cretion of growth hormone (GH) from the pituitary gland.
GH plays a crucial role in promoting growth and develop-
ment, particularly in bones and muscles (Sener ez a/., 2022).

The experimental findings the relationship between the
NPY gene and morphology in PH chickens. The observed
association between the Bb genotype and increased body
length (BL) compared to chickens with the BB genotype.
Despite extensive research, little is understood about the
morphological functions and expressed of VPY. It has been
discovered that NPY is extensively expressed in the bone,
white adipose tissue, and adrenal glands. This suggests that
the neuropeptide may have a variety of physiological func-
tions, such as adipogenesis, bone mass management, and
energy metabolism (Dhamad ez a/., 2021). Since the bone
is innervated, there may be a direct connection between it
and activities mediated by the brain. In fact, as it is released
by nerve fibers in the marrow and vascular canals, and with
Y1 and Y2 receptors linked to bone homeostasis, the VPY
system has recently emerged as one of the primary regu-
lators of this significant process. VPY regulates bone mass
differently at the hypothalamus and bone levels. While Y2
is essential for the central control of bone mass, studies of
osteoblast-specific Y1 deletion in mice have demonstrated
that this receptor is crucial for the activities of NPY di-
rectly at the bone. Remarkably, the effects of NVPY in vivo
differ from those observed in isolated mesenchymal stem/
stromal cells (BMSCs) derived from bone marrow. In vivo,
bone production decreases when hypothalamic NPY is el-
evated during fasting (Greene ez al., 2022).

The integration of genomic tools and MAS in breeding
programs has shown promising results in enhancing the
growth characteristics of native chickens, contributing to
increased productivity and sustainability in poultry pro-
duction systems. Recent advances in genomic tools and
breeding techniques have further facilitated the identifi-
cation and selection of favorable alleles, accelerating the
genetic improvement process. The accuracy of GEBV in
chicken populations is clearly superior to pedigree-based
0
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EBV.This improvement can reach more than 50% for var-
iables like feed intake that have somewhat strong herita-
bility (Wolc et al., 2016). By leveraging genetic selection,
it is possible to enhance the growth characteristics of na-
tive chickens, thereby optimizing their economic value and
sustainability in smallholder farming systems.

CONCLUSIONS AND
RECOMMENDATIONS

In conclusion, showed positive correlations that ranged
from moderate to high between BW0O and BW16 and
ADG4 and ADG16, indicating steady increase over time.
The HBW group showed superior growth performance
and morphology as compared to the LBW group, with ex-
ception of SL. The study on NPY gene polymorphisms in
PH chickens revealed significant associations with growth
performance and morphological traits. In particular, the
Bb genotype was linked to greater body weight and ADG
during weeks 4 to 16 in comparison to the bb genotype,
suggesting a potential influence of the genotype on these
traits. Furthermore, VPY polymorphism had an impact
on BL; the Bb and bb genotypes demonstrated noticeably
greater BL values in comparison to the BB genotype. These
findings underscore the potential role of NPY gene vari-
ants in influencing growth performance and morphologi-
cal traits in PH chickens. NPY gene polymorphisms have
a significant effect on growth and morphology, which em-
phasizes their value as genetic markers in selective breed-
ing schemes. This research provides valuable insights that
can enhance productivity and efliciency in poultry farming,
paving the way for future studies to explore additional ge-
netic factors influencing these traits. Future research should
focus on integrating VPY gene variants into broader ge-
netic improvement strategies and examining their effects
in other chicken breeds. Recommendations for practical
applications include the incorporation of NPY polymor-
phisms into breeding programs to optimize growth traits
and improve overall poultry production sustainability.
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