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Abstract

Background: The Japanese quail (Coturnix japonica) is a small migratory bird whose main habitats are located in East Asia, Russia,
China, Japan, Korea, and India. The Japanese quail was first introduced into the Iraqi research sector in the early 1980s. This investigation
aimed to identify the genetic divergence between the available genetic lines of the Japanese quail in Iraq as a first step to conducting further
conservation and breeding, benefiting from studying the genetic diversity related to productivity, adaptation, and immune susceptibility.
Methods: In this study, we harnessed the random amplified polymorphic DNA (RAPD)-polymerase chain reaction (PCR) protocol to
investigate the genetic structure, diversity, and differentiation of seven distinct genetic lines of these birds with white, brown, wild grey,
and yellow plumage guided by 20 molecular genetic markers. Results: Our findings showed a relatively high polymorphism level of
these 20 markers, which was adequate for describing genetic variation within and between the quail lines under study. Overall, the pairs
of the White male and Brown male, Brown female and Grey male, and Grey female and Grey male lines were the most genetically distant.
Conversely, the White male and Grey male lines were the most similar. Conclusions: The genetic differences established between these
lines can enable us to suggest recommendations for further conservation genetics and breeding of this species. In particular, we propose
that choosing animals (lines) with the greatest genetic distances, i.e., the least genetic similarities, can help preserve the highest genetic
variability within the population. This proposed approach mirrors many contemporary conservation strategies, and information derived
directly from this study can potentially be used to improve breeder selection regimes for additional conservation initiatives ex situ.

Keywords: Japanese quail; Coturnix japonica; conservation genetics; breeding; lines; molecular genetic markers; RAPD-PCR; genetic
diversity

1. Introduction

The Japanese quail (Coturnix japonica Temminck &
Schlegel 1848) is a small migratory galliform bird, wild
populations of which are primarily found in East Asia and
Russia but also can be located in China, Japan, Korea, and
India [1–3]. While resident populations may spend the win-
ter in Japan, most migrate south to places such as Vietnam,
Cambodia, Laos, and southern China [4]. Furthermore, the
Japanese quail habitat covers much of Africa, including
Tanzania, Malawi, Kenya, Namibia, Madagascar, and the
Nile River Valley region stretching from Kenya to Egypt
[3]. The breeding locations are mostly concentrated in East
and Central Asia [1,2], specifically in Manchuria, south-
eastern Siberia, northern Japan, and the Korean Peninsula.
Moreover, the Japanese quail has also been noted to breed
in Turkey and other parts of Europe [3]. The bird is called
by different names, such as “quail” in English-speaking na-

tions, “marai” in Iraq, or “ferry” in Syria, depending on the
geographic region. Japanese quail birds are characterized
by their small body size, not exceeding 20 cm3 [5]. The
body weight of mature ad libitum-fed males ranged from
190 to 250 g and that of females from 225 to 300 g [6].
These quails are adaptable to different environmental con-
ditions and have high variability in shape and phenotypic
traits such as plumage color and performance (egg produc-
tion and meat yield) [7–9]. Both sexes are tailless, with wild
females distinguished by light and tan feathers with black
dots in the throat and upper chest areas, whereas males are
grey with a brown neck area [10]. The current conservation
status of Japanese quail in the wild is classified as “Near
Threatened” [11].

Coturnix japonica was first domesticated in Japan in
the 12th century [12] primarily because of the males’ abil-
ity to emit a beautiful call [13]. Intensive production of this
species did not begin in Japan until the 1920s, when the
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Fig. 1. Japanese quail genetic lines of two studied feather color varieties. Brown: (A) male (paternal) and (B) female (maternal)
lines. Grey: (C) male (paternal) and (D) female (maternal) lines. The Grey male and female lines have the wild-type plumage color and
pattern, while the Brown male and female lines represents the extended brown mutant allele at the E (extension) locus controlled by the
MC1R gene [26]. Image source: authors’ photographs.

first egg breeds were developed through selection. From
Japan, they were successfully introduced into America, Eu-
rope, and the Middle East in the 1930s, 1940s, and 1950s,

when specific lines were bred for egg and meat produc-
tion [12,14,15]. Subsequently, the modern commercial
Japanese quail is characterized by several economically im-
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portant traits, including rapid growth [16,17]. Additionally,
commercial Japanese quail exhibits a high egg-laying rate
[12,18]; these birds can lay up to 350 eggs annually. Given
that these eggs weigh 10–12 g, these remarkable animals
produce around 20 times their body weight yearly [19].
Japanese quails have lower feed and space requirements
than other domestic birds [20], and all these traits combine
to promote a prolific dual-purpose domestic bird in terms of
both egg and meat production [12,21,22]. Being a photope-
riodic avian species, Coturnix japonica is also an excellent
model for studies on reproductive physiology, particularly
for studying the mechanisms through which egg formation
and laying occur [23–25].

In the early 1980s, Japanese quails were introduced
into the research sector of Iraq, with four major genetic va-
rieties predominating and classified based on their feather
color, i.e., white, brown (Fig. 1A,B), wild grey (Fig. 1C,D,
Ref. [26]) , and yellow. These quails are subject to con-
servation and multilateral investigations. Numerous studies
have addressed the productive traits of these lines to charac-
terize the qualitative and quantitative characteristics associ-
ated with eggs [27–31], growth, and carcasses [32,33]. In
addition, the gene pool lines of these quails have been used
as a model for poultry nutritional research [34–37] and for
immunological selection [37,38].

Molecular genetic markers are widely used in con-
servation genetics [39–44]. In particular, the random am-
plified polymorphic DNA (RAPD)-polymerase chain re-
action (PCR) analysis method is broadly implemented for
molecular characterization of species and populations, bio-
diversity evaluation, genotoxic, and other related studies
(e.g., [45,46]). For example, using multilocus and dominant
RAPD markers, Romanov and Weigend [47] assessed the
genetic diversity of several German and Ukrainian chicken
populations, while Dehghanzadeh et al. [48] evaluated
genetic variability and distances among five Iranian na-
tive chicken populations. Abdulrazaq and Ameen [49] in-
vestigated genetic relationships between local guinea fowl,
Japanese quail, and chicken populations using the RAPD-
PCR technique. This method was also instrumental in
defining genetic variation among other local quails [50],
phenotypic quail groups of different feather colors [51], se-
lected Japanese quail lines [52], and those improved for
meat and egg production traits [53].

This study aimed to explore the genetic structure, di-
versity, and differentiation of seven Iraqi quail genetic lines
with white, brown, wild grey, and yellow feather colors
using a set of 20 molecular genetic markers based on the
RAPD-PCR protocol. These lines are intended to further
produce highly productive interline crosses, with their ge-
netic characterization paramount in developing effective
germplasm conservation and breeding strategies.

2. Materials and Methods
2.1 Experimental Birds

This experiment was conducted at the Poultry Breed-
ing Unit of the Teaching and Research Farm of the An-
imal Science Department, College of Agricultural Engi-
neering Sciences, University of Sulaimani, Iraq. Seven ge-
netic lines of Japanese quail, both paternal (male) and ma-
ternal (female), were used as follows: white male (WM),
white female (WF), brown male (BM; Fig. 1A), brown fe-
male (BF; Fig. 1B), grey male (GM; Fig. 1C), grey fe-
male (GF; Fig. 1D), and yellow female (YF). These lines
have been bred as closed populations for ten generations
and are planned for use in interline crossing. The healthy
birds were kept in large commercial cages, which allowed
for free movement, and had ad libitum access to feed and
water (Fig. 1). All conditions for quail comfort environ-
ment, maintenance, and feeding were observed in accor-
dance with the generally accepted standards for quail rear-
ing [54–56].

2.2 Samples and DNA Extraction
Blood samples from wing veins were collected from

each genetic line. Five males and five females from each
line were sampled, with no euthanasia or anesthesia meth-
ods used because this conventional blood sampling proce-
dure in birds do not require any euthanasia or anesthesia.
Collected blood samples were stored at –20 °C. Genomic
DNA extraction from these samples was conducted using a
Zymo Research kit (Orange, CA, USA). Samples for each
sex of each genetic line were pooled separately into a single
sample. These samples were pooled because we deduced
that since each line has been bred for more than 10 genera-
tions as closed populations, the individuals within one line
were genetically very close. Therefore, creating one pooled
sample was not predicted to affect the results and compro-
mise the estimation and interpretation of the observed ge-
netic diversity.

2.3 DNA Amplification by RAPD-PCR
The protocol of the RAPD-PCR procedure was as fol-

lows: 5 µL of de-ionized water was added to a PCR tube
and then supplemented with 8 µL master mix, 2 µL RAPD
primer, and 5 µL of extracted DNA (with the final concen-
tration of 35 ng/µL). Amplification was carried out in a ther-
mal cycler using the following conditions: initial denatura-
tion at 94 °C for 9 min, followed by 35 cycles, including
denaturation at 94 °C for 1 min; annealing, according to
the primer’s annealing temperature (Table 1), for 1 min; ex-
tension at 72 °C for 2 min); final extension at 72 °C for
9 min. For random amplification of DNA fragments, 20
RAPD primers (OPA-01 to OPA-20; Operon Technologies,
Alameda, CA, USA; Table 1) were selected based on our
preliminary studies [49,50]; these primers were tested, val-
idated, and used in subsequent genetic diversity analyses.
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Table 1. Primer sequences of 20 RAPD markers used for DNA amplification in quails.
Primer ID Primer nucleotide sequence Tm (°C) (G+C)% PIC Band number Band percentage Size of fragment (bp)

OPA-01 CAGGCCCTTC 41 70 0.290936 15 6 100–1000
OPA-02 TGCCGAGCTG 38 70 0.375510 6 2.4 100–1000
OPA-03 AGTCAGCCAC 41 60 0.155844 20 8 160–1300
OPA-04 AATCGGGCTG 34 60 0.418367 23 9.2 600–1200
OPA-05 AGGGGTCTTG 41 60 0.277551 19 7.6 500–3000
OPA-06 GGTCCCTGAC 41 70 0.340936 12 4.8 200–1300
OPA-07 GAAACGGGTG 30 60 0.299320 5 2 400–2500
OPA-08 GTGACGTAGG 36.9 60 0.103401 7 2.8 300–1000
OPA-09 GGGTAACGCC 41 70 0.341950 13 5.2 500–2000
OPA-10 GTGATCGCAG 36.9 60 0.341950 13 5.2 400–600
OPA-11 CAATCGCCGT 58.6 60 0.336143 30 12 780–2100
OPA-12 TCGGCGATAG 32 60 0.400000 9 3.6 450–2800
OPA-13 CAGCACCCAC 36 70 0.340936 5 2 500–1400
OPA-14 TTCGAGCCAG 34 60 failed
OPA-15 TTCGAGCCAG 34 60 failed
OPA-16 AGCCAGCGAA 32 60 0.308390 16 6.4 300–1700
OPA-17 GACCGCTTGT 30 60 failed
OPA-18 AGGTGACCGT 36.9 60 0.371882 27 10.8 130–1500
OPA-19 CAAACGTCGG 32 60 0.097959 6 2.4 550–2300
OPA-20 GTTGCGATCC 32 60 0.383673 24 9.6 400–1600
Total 250
Average ± standard deviation 0.304985 ± 0.097000 14.7 ± 3.2
Tm (°C), primer melting (annealing) temperature; (G+C)%, guanine–cytosine content percentage; RAPD, random amplified polymorphic
DNA; PIC, polymorphic information content.

2.4 DNA Fragment and Genetic Diversity Analyses
Post amplification, electrophoresis was performed us-

ing a 1.5% agarose gel for PCR product visualization.
The visualized electrophoresis results were imported into
GenAlEx 6.5 (The Australian National University, Acton,
Australia) [57,58] for subsequent band calling and fragment
analysis.

Using the GenAlEx 6.5 software package [57,58], the
following genetic variation indicators were subsequently
computed or detected: polymorphic information content
(PIC) [59], observed number of alleles (N a; calculated as
presence or absence of a band), effective number of alle-
les (N e) [60], Nei’s gene diversity [61], or heterozygosity
(H), and Shannon’s information index (I) [62]. The ge-
netic distance and identity matrices for the seven genetic
lines of quails were computed according to Nei [63,64],
respectively, and an Unweighted Pair-Cluster Method us-
ing Arithmetic Averages (UPGMA) dendrogram was con-
structed to infer the genetic differentiation between the
lines.

3. Results
3.1 RAPD-PCR and Genetic Diversity Data

After twenty primers were randomly screened for
DNA polymorphism validation, seventeen were used for
further RAPD-PCR analysis, producing different fragment
patterns with various bands. Three markers (OPA-14, OPA-

15, and OPA-17) failed to amplify and showed no band
results for these genetic lines. A total of 250 RAPD
bands were detected based on all RAPD pattern analyses
of the seven Japanese quail genetic lines examined. Ta-
ble 1 shows the number and percentage of polymorphic
bands presented. The count of bands amplified using these
primers varied from a minimum of 5 (OPA-07) to a maxi-
mum of 30 (OPA-11), while the average band number was
14.7 ± 3.2, and band sizes ranged between 100 and 3000
bp.

Regarding polymorphic information content (PIC),
its range across the 17 markers was from 0.097959 to
0.418367, with the average PIC value equal to 0.304985
± 0.097000. The lowest PIC values (0.097959–0.155844)
were identified for the following three markers: OPA-03,
OPA-08, and OPA-19.

As shown in Table 2, the average number of alleles
(N a) was 2.00 because every anonymous RAPD locus was
considered for two states of a band, i.e., its presence or
absence. However, the effective number of alleles (N e)
ranged between 1.6897 and 1.9600. The highest N e value
estimated for each of the 12 markers (OPA-1, OPA-2, OPA-
3, OPA-4, OPA-6, OPA-7, OPA-9, OPA-10, OPA-11, OPA-
13, OPA-16, and OPA-19) was 1.9600. The heterozygosity
(H) was lowest for five markers (OPA-05, OPA-08, OPA-
12, OPA-18, OPA-20) and equaled 0.4082. The Shannon
information index (I) reflected a similar pattern of highest
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Table 2. The number of alleles (Na), the effective number of alleles (N e), Nei’s gene diversity (H), and Shannon information
index (I) for the markers used.

Marker locus Sample size N a N e H I

OPA-01 70 2.0000 1.9600 0.4898 0.6829
OPA-02 70 2.0000 1.9600 0.4898 0.6829
OPA-03 70 2.0000 1.9600 0.4898 0.6829
OPA-04 70 2.0000 1.9600 0.4898 0.6829
OPA-05 70 2.0000 1.6897 0.4082 0.5983
OPA-06 70 2.0000 1.9600 0.4898 0.6829
OPA-07 70 2.0000 1.9600 0.4898 0.6829
OPA-08 70 2.0000 1.6897 0.4082 0.5983
OPA-09 70 2.0000 1.9600 0.4898 0.6829
OPA-10 70 2.0000 1.9600 0.4898 0.6829
OPA-11 70 2.0000 1.9600 0.4898 0.6829
OPA-12 70 2.0000 1.6897 0.4082 0.5983
OPA-13 70 2.0000 1.9600 0.4898 0.6829
OPA-16 70 2.0000 1.9600 0.4898 0.6829
OPA-18 70 2.0000 1.6897 0.4082 0.5983
OPA-19 70 2.0000 1.9600 0.4898 0.6829
OPA-20 70 2.0000 1.6897 0.4082 0.5983
Mean ± standard deviation 70 ± 0.0000 2.0000 ± 0.0000 1.8805 ± 0.1270 0.4658 ± 0.0383 0.6580 ± 0.0398

Table 3. Nei’s genetic distances among the seven Japanese
quail lines using RAPD markers.

Line WM WF BM BF GM GF YF

WM 0
WF 0.435 0
BM 1.447 1.042 0
BF 1.224 0.636 0.531 0
GM 0.194 0.348 0.887 1.447 0
GF 1.224 1.224 0.531 0.636 1.447 0
YF 0.887 0.636 1.042 0.435 1.042 0.636 0
Lines tested: WM, White male; WF, White female; BM, Brown
male; BF, Brown female; GM, Grey male; GF, Grey female; YF,
Yellow female.

and lowest values across the 17 genetic markers, with the
minimum value being 0.5983 and the maximum value be-
ing 0.6829.

3.2 Between-line Genetic Distances, Identity, and
Relationships

The genetic distance matrix computed according to
Nei [63] is presented in Table 3. The genetic distance ma-
trix shows that the longest genetic distance (1.447) was ob-
served between the BM and WM, BF and GM, and GM and
GF lines, while the shortest one (0.194) was found between
the GM and WM lines.

The pairwise matrix of Nei’s genetic identity [64] is
presented in Table 4. Moderate to high levels of genetic
identity were estimated. The highest identity estimation
(0.824) was found between the WM and GM lines, while
the lowest (0.235) was between the WM and BM, BF and

Table 4. Nei’s genetic identity (similarity) matrix among the
seven Japanese quail lines using RAPD markers.

Line WM WF BM BF GM GF YF

WM 0
WF 0.647 0
BM 0.235 0.353 0
BF 0.294 0.529 0.588 0
GM 0.824 0.706 0.412 0.235 0
GF 0.294 0.294 0.588 0.529 0.235 0
YF 0.412 0.529 0.353 0.647 0.353 0.529 0
Lines tested: WM, White male; WF, White female; BM, Brown
male; BF, Brown female; GM, Grey male; GF, Grey female; YF,
Yellow female.

GM, and GM and GF lines. This between-line similarity
pattern agreed with the calculated pairwise genetic distance
values, given that, in principle, genetic distance is largely
an inverted (by numeric value) indicator of genetic identity
(similarity).

The UPGMA dendrogram in Fig. 2 was generated
based on the RAPD-PCR analysis using the seven genetic
lines of Japanese quail to restore the between-line genetic
relationships and visualize the respective line differentia-
tion. The first large dendrogram cluster consisted of the
WM, GM, and WF lines, and the second major cluster in-
cluded the BM, GF, BF, and YF lines.

4. Discussion
Conservation and breeding of different plumage color

lines of quail are pivotal for further progress in quail pro-
duction [65,66]. A good strategy to increase quail mar-
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Fig. 2. The Unweighted Pair-Cluster Method using Arithmetic Averages (UPGMA) dendrogram derived from the genetic rela-
tionship analysis among the seven lines of Japanese quail based on the RAPD primers. Lines tested: WM, White male; GM, Grey
male; WF, White female; BM, Brown male; GF, Grey female; BF, Brown female; YF, Yellow female.

keting potential and consumer interest is to provide value-
added meat, eggs, or live birds representing distinct color
lines in their plumage [67,68]. The color of the plumage
or the related genetic variation might significantly impact
the quality of the quail’s meat and eggs [65,66]. In particu-
lar, Al-Kafajy et al. [65], when comparing three quail lines
of different plumage colors, established that the brown line
demonstrated significantly higher values for body weight,
albumen height, shell thickness, and carcass dressing traits
than other lines. Moreover, the white line had signifi-
cantly higher egg numbers, shell and yolk weights, and car-
cass characteristics (heart, thigh, breast, and back weights).
When examining egg traits in three color lines, Petek et al.
[66] revealed that the black line had significantly greater
egg weight, strength, and shell thickness, whereas the white
line had significantly lower egg length, higher shape index,
and lighter yolk. Similar observations were made by Shaker
et al. [69] for genetic groups of Kurdish local chickens,
suggesting that the plumage color can affect the egg weight
and other egg characteristics. Shaker and co-authors con-
cluded that the statistically significant differences in egg
weight and traits such as egg length, breadth, and shape in-
dex across the genetic groups might be attributed to their
genetic makeup, which requires further characterization of
these groups using molecular markers [69].

The current study aimed to explore genetic diversity
among seven genetic lines of Japanese quail that were orig-
inally classified according to the specific color of their
plumage. For this purpose, we employed the commonly
used polymorphic molecular genetic markers based on the
conventional RAPD-PCR primers. Our data demonstrated
a rather high polymorphism level related to these mark-
ers that was sufficient to characterize the genetic variation
within and between the studied quail lines. For instance,
considering the established PIC values, one should note
that this is a measure implemented in genetic investiga-

tions to assess marker quality that has values ranging from 0
(monomorphic) to 1 (very informative) [70]. Furthermore,
PIC is crucial for choosing markers for genetic research
since it assesses a marker’s informativeness and capacity
to identify polymorphisms and forecasts the likelihood that
the marker’s heterozygous genotype will be passed on to the
progeny [70–72]. PIC values below 0.25 are not advised,
while those between 0.25 and 0.50 are implied to be moder-
ately informative and rather useful [70]. In this study, most
used RAPD markers (14 primers) had PIC values above
0.28, and only three had lower values (below 0.16). This
suggests that this set of markers was reasonably informative
and reflected an adequate overall polymorphism estimate
and a more or less true status of genetic diversity among
the quail lines studied. Similar conclusions regarding these
polymorphic markers and the genetic diversity of the lines
can be drawn from the values obtained for N e, H, and I.
Similar to many previous biodiversity conservation studies
(e.g., [73]), if, for example, the Shannon diversity values
were consistently lower, this would indicate a decline in lo-
cal bird diversity when abundances were considered. Ob-
viously, this was not the case in our study.

As determined by other RAPD studies (see review
[47]), this molecular marker type has some possible limita-
tions, including inconsistent repeatability of strong bands,
challenges in evaluating weak bands, and lower repro-
ducibility of results. To overcome these potential restric-
tions, it is recommended to use precisely regulated PCR
settings and DNA template quality as we did in the present
study. Nonetheless, RAPD markers are still very quick and
inexpensive molecular tools that can characterize genetic
variation within and between breeds at an initial level [47].

Over recent years, several studies have been con-
ducted in the region to determine the genetic diversity and
classification of these Iraqi quail lines. Al-Neemy et al.
[51] studied the genetic diversity of three genetic lines
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(white, black, and brown) using nine RAPD markers. The
relationship between these genetic lines was similar to that
observed in our study. Lajan and Al-Barzinji [74] examined
three genetic lines (wild grey, white, and brown) and, using
RFLP-PCR markers at three genetic loci, showed that the
studied gene sites contained several alleles with different
nucleotide compositions. However, both the previous stud-
ies and our current study could have been more concordant
with regard to the revealed genetic differentiation in the an-
alyzed quail lines. This lack of concordance may be due
to how these lines were selected for phenotypic traits and
what their genetic makeup determinants were, thus caus-
ing an output that differed in the genetic characterization of
the Japanese quail in other studies. Ahmed and Al-Barzinji
[50], in an experiment using 20 RAPD markers and the ge-
netic lines of Japanese quail of three different colors (desert,
brown, and white), also found that the number of frag-
ments obtained was 310, with their size ranging from 250
to 2800 bp. The established average Nei’s gene diversity
between the lines was 0.1026, and the highest genetic dis-
tance (27.614) was identified for the BF line relative to both
the WF and Desert female lines. Our study demonstrated a
higher mean value of H (0.4658), whereas the greatest ge-
netic distances were found between the following three line
pairs: BM–WM, BF–GM, and GM–GF (Table 3). It should
be acknowledged that it is difficult to make direct, plausible
comparisons of results across studies, given that they used
different sets of genetic lines and markers.

Overall, our findings showed that, when employing
molecular markers using the RAPD-PCR procedure, it was
feasible to successfully assess the genetic diversity within
the local genetic quail lines and the genetic relationship
among the lines. This information will be important for fur-
ther conservation and breeding of these lines. However, to
avoid potential drawbacks of using the RAPD-PCR proto-
col, more sophisticated genetic markers such as microsatel-
lites and single nucleotide polymorphisms (SNPs) [75–80]
will need to be harnessed in future studies. Regarding the
conservation strategies inferred from these genetic studies,
we believe that selecting animals with the least genetic sim-
ilarity, i.e., with the greatest genetic distances, can help con-
serve the maximum variability within a total population.
Moreover, this selection approach can even optimize the
choice of breeders for further conservation programs ex situ
[81]. According to the dendrogram analysis (Fig. 2) based
on the pairwise comparison (Table 3), we established the
greatest genetic distances between the line pairs BM–WM,
BF–GM, and GM–GF that reflect the pronounced evolu-
tionary relationships between these lines due to genetic di-
vergence in the course of their breeding. Regarding the
connection between genetic findings and practical breeding
applications, more genetic improvement can result from ad-
vances in molecular genetics than phenotypic information
alone. This is because markers connected to genes of inter-
est could provide advantages over utilizing information at

the DNA level. The application of genetic markers to iden-
tify genes or genomic areas that regulate traits of interest—
known as quantitative trait loci (QTLs)—is also made pos-
sible by developments in molecular genetics. Furthermore,
marker-assisted selection (MAS) could use the identified
QTLs to promote genetic advancement [82,83].

The future growth and competitiveness of commercial
quail breeding mostly depend on genetic research, conser-
vation, and utilization of lines and crosses with high pro-
ductivity and adequate variability [84–87]. Therefore, it
is hardly practicable to carry out efficient selection work
intended to locate and identify desirable quail genotypes
without conservation measures. Future research on the
conserved gene pool genetic resources of quail should use
cutting-edge, whole-genome techniques that employ SNP
markers [88–90]. This will contribute to understanding key
physiological and molecular genetic processes involved in
developing and expressing selectively significant traits in
quail.

5. Conclusions
A well-known member of the Coturnix genus, Co-

turnix japonica, is commercially exploited worldwide for
its nutritional meat and eggs [91]. Apart from the original
Coturnix line, small flocks of mutant or crossbred birds with
plumage color variants are being raised for various purposes
[92,93]. Here, using the RAPD-PCR markers, we exam-
ined seven genetic lines of different feather colors with re-
spect to their genetic diversity indicators (PIC, N a, N e, H,
and I). This study also revealed the genetic distances be-
tween the seven quail lines of distinct colors. Our findings
suggest that these lines possess sufficient genetic variety to
promote genetic advancements that can bring these lineages
closer together. Breeders can utilize these results to im-
prove their understanding of the genetic variability in the
local quails, providing critical information for developing
the mating strategies of quails when crossing these quail
lines.

From the current genetic research, we believe that the
best conservation strategy would involve selecting animals
(lines) with the greatest genetic distances from one another,
i.e., the least genetic similarity, to preserve the highest
amount of variability within an entire population. Further
ex situ conservation programs may also benefit by selecting
breeders more effectively.

Collectively, the obtained results will form the basis
for developing more detailed strategies for preserving and
using the genetic and breeding resources of Japanese quail
[94]. Further development of MAS and genomic selection
in quails looks promising. In general, the information pre-
sented in this study will be in demand in quail conservation
and breeding projects to improve existing and create new
promising lines and crosses of quails with specified eco-
nomically important traits.

7

https://www.imrpress.com


Availability of Data and Materials
The datasets used and/or analyzed during the current

study are available from the corresponding author on rea-
sonable request.

Author Contributions
MNR: Conceptualization, Formal Analysis, Project

administration, Software, Validation, Visualization, Writ-
ing – original draft, Writing – review & editing. QAA: Con-
ceptualization, Project administration, Funding acquisition,
Methodology, Visualization, Writing – original draft, Writ-
ing – review & editing. ASS: Data curation, Funding ac-
quisition, Resources, Writing – original draft, Writing – re-
view & editing. RMAO: Formal Analysis, Investigation,
Funding acquisition, Writing – review & editing. DKG:
Validation, Supervision, Writing – review & editing. All
authors have participated sufficiently in the work to take
public responsibility for appropriate portions of the content
and agreed to be accountable for all aspects of the work in
ensuring that questions related to its accuracy or integrity.
All authors read and approved the final manuscript.

Ethics Approval and Consent to Participate
Ethics standards were considered in all steps of per-

forming procedures and animal handling as approved by
the Iraq Ethical Approval No. um.VET.2021.5. This gen-
eral ethics approval, issued in 2021, serves as a comprehen-
sive guideline for research conducted across various col-
leges in Iraq. This approval is applicable as a broad frame-
work for maintaining ethical standards in research. Addi-
tionally, the Ethic Committee of College of Agricultural
Engineering Sciences, University of Sulaimani, issued the
scientific research approval No. 6 on 14/1/2023 that states
that “the Committee has approved and accepted to proceed
with this research.” This approval was provided as a spe-
cific commitment to the ethical principles established in
Iraq and adopted within the College. This adoption aligns
with the rules outlined in the general ethics approval and
ensures compliance with the specific requirements and cir-
cumstances within the University of Sulaimani.

Acknowledgment
Not applicable.

Funding
The research work conducted by Michael N. Ro-

manov was supported by the Russian Science Founda-
tion (Grant No. 24-16-00294, https://rscf.ru/prjcard_int?
24-16-00294).

Conflict of Interest
The authors declare no conflict of interest.

References

[1] Barilani M, Deregnaucourt S, Gellego S, Galli L, Mucci N, Pi-
omobo R, et al. Detecting hybridization in wild (Coturnix c. co-
turnix) and domesticated (Coturnix c. japonica) quail popula-
tions. Biological Conservation. 2005; 126: 445–455.

[2] Puigcerver M, Vinyoles D, Rodríguez-Teijeiro JD. Does restock-
ing with Japanese quail or hybrids affect native populations
of common quail Coturnix coturnix? Biological Conservation.
2007; 136: 628–635.

[3] Pappas J. Coturnix japonica Japanese Quail. Animal Diversity
Web, Museum of Zoology Regents of the University of Michi-
gan. 2002. Available at: https://animaldiversity.org/accounts/C
oturnix_japonica/ (Accessed: 22 July 2024).

[4] BirdLife International. Species factsheet: Japanese Quail Co-
turnix japonica. Data Zone. 2024. Available at: https://datazone
.birdlife.org/species/factsheet/japanese-quail-coturnix-japonica
(Accessed: 22 July 2024).

[5] Rehman A, Hussain J, Mahmud A, Javed K, Ghayas A, Ah-
mad S. Productive performance, egg quality, and hatching traits
of Japanese quail lines selectedfor higher body weight and
egg number. Turkish Journal of Veterinary & Animal Sciences.
2022; 46:322–335.

[6] Reda GK, Ndunguru SF, Csernus B, Knop R, Lugata JK, Szabó
C, et al. Dietary restriction reveals sex-specific expression of
the mTOR pathway genes in Japanese quails. Scientific Reports.
2024; 14: 8314.

[7] Volkovoy S, Bondarenko Yu. Japanese quail plumage rainbow.
Priusadebnoye Khozyaystvo [Allotment Husbandry]. 1989;
5: 14–15. Available at: https://yablonka.net/world/zh/686-rad
uga-opereniya-yaponskogo-perepela.html (Accessed: 22 July
2024). (In Russian)

[8] German NY, Vetokh AN, Dzhagaev AY, Ilyina ER, Kotova TO.
Morphometric parameters of eggs from breeds quail for meat.
Veterinariâ i Kormlenie [Veterinary and Feeding]. 2023; 2: 20–
23.

[9] Lan LT, Nhan NT, Hung LT, Diep TH, Xuan NH, Loc HT, et
al. Relationship between plumage color and eggshell patterns
with egg production and egg quality traits of Japanese quails.
Veterinary World. 2021; 14: 897.

[10] Mizutani M. The Japanese quail. In Chang HL, Huang
YC (eds.) Relationship between Indigenous Animals
and Humans in Apec Region (pp. 143–163). The Chi-
nese Society of Animal Science: Tainan. 2003. Available
at: https://web.archive.org/web/20240812181743/https:
//www.angrin.tlri.gov.tw/apec2003/chapter5jpquail.pdf (Ac-
cessed: 22 July 2024).

[11] IUCN. Japanese Quail Coturnix japonica. IUCN Red List of
Threatened Species. 2024. Available at: https://doi.org/10.2305/
IUCN.UK.2016-3.RLTS.T22678949A95209097.en (Accessed:
9 September 2024).

[12] Abou-Kassem DE, El-Sayiad GA, El-Samahy RA, Abd El-Hack
ME, Taha AE, Kamal M, et al. Impacts of storage period and
egg weight on hatching and growth performance of growing
Japanese quails. Poultry Science. 2024; 103: 103772.

[13] Kayang BB, Vignal A, Inoue-Murayama M, Miwa M, Mon-
voisin JL, Ito S, et al. A first-generation microsatellite linkage
map of the Japanese quail. Animal Genetics. 2004; 35: 195–200.

[14] Minvielle F. The future of Japanese quail for research and pro-
duction. World’s Poultry Science Journal. 2004; 60: 500–507.

[15] Ashok A, Prabakaran R. Evaluation of growth traits in short
term selection for different ages in Japanese quail. Indian
Journal of Fundamental and Applied Life Sciences. 2012; 2:
152–157. Available at: https://www.cibtech.org/J-LIFE-SCIEN
CES/PUBLICATIONS/2012/Vol%202%20No%201/28-60%
20%20Ashok%20and%20Prabakaran.pdf (Accessed: 22 July

8

https://rscf.ru/prjcard_int?24-16-00294
https://rscf.ru/prjcard_int?24-16-00294
https://animaldiversity.org/accounts/Coturnix_japonica/
https://animaldiversity.org/accounts/Coturnix_japonica/
https://datazone.birdlife.org/species/factsheet/japanese-quail-coturnix-japonica
https://datazone.birdlife.org/species/factsheet/japanese-quail-coturnix-japonica
https://yablonka.net/world/zh/686-raduga-opereniya-yaponskogo-perepela.html
https://yablonka.net/world/zh/686-raduga-opereniya-yaponskogo-perepela.html
https://web.archive.org/web/20240812181743/https://www.angrin.tlri.gov.tw/apec2003/chapter5jpquail.pdf
https://web.archive.org/web/20240812181743/https://www.angrin.tlri.gov.tw/apec2003/chapter5jpquail.pdf
https://doi.org/10.2305/IUCN.UK.2016-3.RLTS.T22678949A95209097.en
https://doi.org/10.2305/IUCN.UK.2016-3.RLTS.T22678949A95209097.en
https://www.cibtech.org/J-LIFE-SCIENCES/PUBLICATIONS/2012/Vol%202%20No%201/28-60%20%20Ashok%20and%20Prabakaran.pdf
https://www.cibtech.org/J-LIFE-SCIENCES/PUBLICATIONS/2012/Vol%202%20No%201/28-60%20%20Ashok%20and%20Prabakaran.pdf
https://www.cibtech.org/J-LIFE-SCIENCES/PUBLICATIONS/2012/Vol%202%20No%201/28-60%20%20Ashok%20and%20Prabakaran.pdf
https://www.imrpress.com


2024).
[16] German NY, Volkova NA, Larionova PV, Vetokh AN,

Volkova LA, Sermyagin AA, et al. Genome-wide associ-
ation studies of growth dynamics in quails Coturnix co-
turnix. Sel’skokhozyaistvennaya Biologiya [Agricultural Biol-
ogy]. 2022; 57: 1136–1146.

[17] Marks HL. Long-term selection for body weight in Japanese
quail under different environments. Poultry Science. 1996; 75:
1198–1203.

[18] Taha AE, El-Tahawy AS, Abd El-Hack ME, Swelum AA,
Saadeldin IM. Impacts of various storage periods on egg quality,
hatchability, post-hatching performance, and economic benefit
analysis of two breeds of quail. Poultry Science. 2019; 98: 777–
784.

[19] Jatoi AS. Productive Performance of Four Close-bred Flocks
of Japanese Quails with Different Body Weight and Its Effect
on Subsequent Progeny Growth [PhD’s thesis]. Department of
Poultry Production, Faculty of Animal Production and Tech-
nology, University of Veterinary and Animal Sciences, Lahore,
Pakistan. 2012.

[20] Vali N, Edriss MA, Rahmani HR. Genetic parameters of body
and some carcass traits in two quail strains. International Journal
of Poultry Science. 2005; 4: 296–300.

[21] Ahmad S, Mehmood S, Javed K, Mahmud A, Usman M,
Rehman A, et al. Different selection strategies for the improve-
ment of the growth performance and carcass traits of Japanese
quails. Brazilian Journal of Poultry Science. 2018; 20: 497–506.

[22] Arunrao KV, Kannan D, Amutha R, Thiruvenkadan AK, Yakubu
A. Production performance of four lines of Japanese quail reared
under tropical climatic conditions of Tamil Nadu, India. Fron-
tiers in Genetics. 2023; 14: 1128944.

[23] Ottinger MA, Abdelnabi M, Li Q, Chen K, Thompson N, Harada
N, et al. The Japanese quail: a model for studying reproduc-
tive aging of hypothalamic systems. Experimental Gerontology.
2004; 39: 1679–1693.

[24] Srivastava R, Cornett LE, Chaturvedi CM. Impact of estrogen
and photoperiod on arginine vasotocin and VT3 receptor expres-
sion in the shell gland of quail. Frontiers in Bioscience (Scholar
Edition). 2018; 10: 372–385.

[25] Prituzhalova AO, Volkova NA, Kuzmina TI, Vetokh AN, Dzha-
gaev AY. Monitoring of indicators of chromatin status in quails
ovarian follicles granulosa cells of different directions of pro-
ductivity. Agrarnaâ Nauka [Agrarian Science]. 2023; 368: 53–
57.

[26] Nadeau NJ, Minvielle F, Mundy NI. Association of a Glu92Lys
substitution in MC1R with extended brown in Japanese quail
(Coturnix japonica). Animal Genetics. 2006; 37: 287–289.

[27] Hasan KH. Evaluation of productive performance of Japanese
quail in summer of Iraq. Diyala Agricultural Sciences Journal.
2013; 5: 69–80.

[28] Hassan KH, Abd–Alsattar AR, Yassen HA, Abed HT, Wahab
DA. Effect of variety, age and sex in some productive traits in
Japanese quail in Iraq. American Journal of Bio Science. 2015;
3: 55–58.

[29] El-Attrouny MM, Iraqi MM. Influence of selection for egg pro-
duction on egg quality traits in Japanese quail. South African
Journal of Animal Science. 2021; 51: 128–137.

[30] Ahmed LS, Al-Barzinji YM. Comparative study of hatchability
and fertility rate among local quails. Iraqi Journal of Agricultural
Sciences. 2020; 51: 744–751.

[31] Al-Tikriti SS, Al-Nassery HZ. Effect of egg weight and type of
breeding on the productive performance of Japanese quail. IOP
Conference Series: Earth and Environmental Science. 2023;
1213: 012079.

[32] Mahmoud M, Iraqi MM, Nassar FS. Heritability and genetic cor-
relations of carcass and meat quality traits in white and brown

strains of Japanese quail. Journal of World’s Poultry Research.
2024; 14: 297–307.

[33] Mohammed DA, Salih JH, Hussen SH. Effect of different pro-
tein sources with different levels on growth performance and
carcass dissection of Japanese quail (Coturnix coturnix japon-
ica). Science Journal of University of Zakho. 2021; 9: 1–7.

[34] Hassan KH, Fadhil MA. Genetic selection for body weight in
Japanese quail (Coturnix coturnix japonica) under different nu-
tritional environments. Advances in Animal and Veterinary Sci-
ences. 2019; 7: 526–529.

[35] Al-Obaidi FA, Al-Shadeedi SM. Comparison some native fowls
(chicken, mallard ducks, quail and turkey) in components and
chemical composition of the eggs in Iraq. Al-Anbar Journal of
Veterinary Sciences. 2017; 10: 65–69.

[36] Salih JH, Mohammed DA, Hussen SH. Impact of protein source
and its levels on egg production and egg quality of Japanese quail
(Coturnix coturnix japonica). Science Journal of University of
Zakho. 2021; 9: 138–143.

[37] Beski SS. Physiological and immunological responses of
Japanese quails to oleobiotic. The Iraqi Journal of Agricultural
Science. 2018; 49: 194–199.

[38] Jabbar AA. Gastroprotective and immuno-supportive role of Al-
cea kurdica against stress induced lesion in Japanese quails.
Baghdad Science Journal. 2022; 19: 716–724.

[39] Frankham R. Genetic markers for conservation purposes. In Ge-
netic Management of Fragmented Animal and Plant Popula-
tions. Online edn. Oxford Academic: Oxford. 2017.

[40] Li Y, Liu C, Wang R, Luo S, Nong S, Wang J, et al. Applica-
tions of molecular markers in conserving endangered species.
Biodiversity Science. 2020; 28: 367.

[41] Romanov MN, Weigend S, Bondarenko YuV, Podstreshny AP,
Kutnyuk PI, Sakhatsky NI. Studies on poultry germplasm di-
versity and conservation in Ukraine. In Preisinger R (ed.) Pro-
ceedings of the Poultry Genetics Symposium (p. 140). Working
Group 3 of WPSA, Lohmann Tierzucht: Cuxhaven. 1999. Avail-
able at: https://kar.kent.ac.uk/46412/ (Accessed: 22 July 2024).

[42] Moiseyeva IG, Romanov MN, Kovalenko AT, Mosyakina TV,
Bondarenko YV, Kutnyuk PI, et al. The Poltava chicken breed of
Ukraine: its history, characterization and conservation. Animal
Genetic Resources Information. 2007; 40: 71–78.

[43] Modi WS, Romanov M, Green ED, Ryder O. Molecular cy-
togenetics of the California condor: evolutionary and conser-
vation implications. Cytogenetic and Genome Research. 2009;
127: 26–32.

[44] Romanov MN, Koriabine M, Nefedov M, de Jong PJ, Ryder
OA. Construction of a California condor BAC library and first-
generation chicken-condor comparative physical map as an en-
dangered species conservation genomics resource. Genomics.
2006; 88: 711–718.

[45] Rocco L, Valentino IV, Scapigliati G, Stingo V. RAPD-PCR
analysis for molecular characterization and genotoxic studies of
a new marine fish cell line derived from Dicentrarchus labrax.
Cytotechnology. 2014; 66: 383–393.

[46] El-Gendy EA, Helal MA, Goher NH, Mostageer A. Molec-
ular characterization of genetic biodiversity in ducks, using
RAPD-PCR analysis. Arab Journal of Biotechnology. 2005; 8:
253–264. Available at: https://www.researchgate.net/publicati
on/237703456 (Accessed: 22 July 2024).

[47] Romanov MN, Weigend S. Using RAPD markers for assess-
ment of genetic diversity in chickens. Archiv für Geflügelkunde.
2001; 65: 145–148. Available at: https://www.researchgate.net
/publication/255710825 (Accessed: 22 July 2024).

[48] Dehghanzadeh H, Mirhoseini SZ, Romanov MN, Ghorbani A.
Evaluation of genetic variability and distances among five Ira-
nian native chicken populations using RAPD markers. Pakistan
Journal of Biological Sciences: PJBS. 2009; 12: 866–871.

9

https://kar.kent.ac.uk/46412/
https://www.researchgate.net/publication/237703456
https://www.researchgate.net/publication/237703456
https://www.researchgate.net/publication/255710825
https://www.researchgate.net/publication/255710825
https://www.imrpress.com


[49] Abdulrazaq HS, Ameen QA. Genetic relationship between lo-
cal guinea fowl, quail and chicken using RAPD–PCR technique.
Mesopotamia Journal of Agriculture. 2023; 51: 39–49.

[50] Ahmed LS, Al-Barzinji YMS. Genetic diversity among local
quail using RAPD-DNA marker. Revista Cientifica de la Fac-
ultad de Veterinaria. 2019; 29: 178–185. Available at: https:
//www.researchgate.net/publication/332182286 (Accessed: 22
July 2024).

[51] Al-Neemy MA, Tawfeq EM, Hadi HM. Determine the ge-
netic variation of phenotypic groups of quail (different with
feathers color) using the chain polymerase reaction technique
(PCR). IOP Conference Series: Earth and Environmental Sci-
ence. 2021; 910: 012110.

[52] Karabağ K, Balcioğlu MS. Genetic diversity among selected
Japanese quail (Coturnix coturnix japonica) lines using RAPD
markers. Journal of Applied Animal Research. 2010; 38: 149–
152.

[53] Bozdoğan HM, Özcan BD. Determination of genetic variations
in Japanese quails improved for meat and egg production traits
using PCR-RAPD method. Cukurova University Journal of Nat-
ural and Applied Sciences. 2023; 2: 13–19. Available at: https:
//dergipark.org.tr/en/download/article-file/3510725 (Accessed:
22 July 2024).

[54] Podstreshnyi OP, Tereshchenko OV, Katerynych OO, Tkachyk
TE, Podstreshna IO. Production of Quail Eggs and Meat:
Methodical Recommendations. Tereshchenko OV (ed.). 2nd
edn. Poultry Research Institute, NAAS of Ukraine: Birky.
2010. Available at: https://www.researchgate.net/publication
/342802513 (Accessed: 22 July 2024). (In Russian)

[55] Podstreshnyi O, Tereshchenko O. Maintenance of adult quails.
Ahrarna Krayina [Agrarian Country]. 2012; 6: 8–9. Available
at: https://www.researchgate.net/publication/342832587 (Ac-
cessed: 22 July 2024). (In Russian)

[56] Podstreshnyi O, Tereshchenko O. Feeding young quails.
Ahrarna Krayina [Agrarian Country]. 2012; 7: 6. Available
at: https://www.researchgate.net/publication/342832583 (Ac-
cessed: 22 July 2024). (In Russian)

[57] Peakall RO, Smouse PE. GENALEX 6: genetic analysis in
Excel. Population genetic software for teaching and research.
Molecular Ecology Notes. 2006; 6: 288–295.

[58] Peakall R, Smouse PE. GenAlEx 6.5: genetic analysis in Excel.
Population genetic software for teaching and research–an up-
date. Bioinformatics (Oxford, England). 2012; 28: 2537–2539.

[59] Botstein D, White RL, Skolnick M, Davis RW. Construction of
a genetic linkage map in man using restriction fragment length
polymorphisms. American Journal of Human Genetics. 1980;
32: 314–331.

[60] Kimura M, Crow JF. The number of alleles that can be main-
tained in a finite population. Genetics. 1964; 49: 725–738.

[61] Nei M. Analysis of gene diversity in subdivided populations.
Proceedings of the National Academy of Sciences of the United
States of America. 1973; 70: 3321–3323.

[62] Lewontin RC. The apportionment of human diversity. In:
Dobzhansky T, Hecht MK, Steere WC (eds.) Evolutionary Bi-
ology (pp. 381–398). Springer: New York. 1972.

[63] Nei M. Genetic distance between populations. The American
Naturalist. 1972; 106: 283–292.

[64] Nei M. The theory of genetic distance and evolution of human
races. Japanese Journal of Human Genetics. 1978; 23: 341–369.

[65] Al-Kafajy FR, Al-Shuhaib MB, Al-Jashami GS, Al-
Thuwaini TM. Comparison of three lines of Japanese
quails revealed a remarkable role of plumage color in
the productivity performance determination. Journal of
World’s Poultry Research. 2018; 8: 111–119. Available at:
http://www.jwpr.science-line.com/attachments/article/47/J%
20World%20Poult%20Res%208(4)%20111-119,%202018.pdf

(Accessed: 22 July 2024).
[66] Petek M, Çavuşoglu E, Odabaşı F, Yeşilbağ D. Comparison of

egg quality characteristics of different quail lines. Journal of Re-
search in Veterinary Medicine. 2022; 41: 27–31.

[67] Panda B, Singh RP. Developments in processing quail meat and
eggs. World’s Poultry Science Journal. 1990; 46: 219–234.

[68] Santhi D, Kalaikannan A. Japanese quail (Coturnix coturnix
japonica) meat: characteristics and value addition. World’s
Poultry Science Journal. 2017; 73: 337–344.

[69] Shaker AS, Hermiz HN, Al-Khatib TR, Mohammed RM. Egg
shape characterization for four genetic groups of Kurdish local
chickens. Food and Nutrition Science. 2016; 1: 20–25. Avail-
able at: https://www.iaras.org/iaras/filedownloads/fnsij/2016/
013-0004.pdf (Accessed: 22 July 2024).

[70] Guo X, Elston RC. Linkage information content of polymorphic
genetic markers. Human Heredity. 1999; 49: 112–118.

[71] Elston RC. Polymorphism information content. In Encyclopedia
of Biostatistics. 2nd edn. John Wiley & Sons: New York. 2014.

[72] Serrote CML, Reiniger LRS, Silva KB, Rabaiolli SMDS, Ste-
fanel CM. Determining the Polymorphism Information Content
of a molecular marker. Gene. 2020; 726: 144175.

[73] Garizábal-Carmona JA, Betancur JS, Montoya-Arango S,
Franco-Espinosa L, Ruíz-Giraldo N, Mancera-Rodríguez NJ.
Bird diversity across an Andean City: The limitation of species
richness values and watershed scales. Acta Biológica Colom-
biana. 2023; 28: 506–516.

[74] Lajan SA, Al-Barzinji YMS. Detection of quantitative loci cor-
relation with growth traites in local quail using PCR-RFLP tech-
nique. Iraqi Journal of Agricultural Sciences. 2022; 53:  .26–16

[75] Romanov MN, Weigend S. Genetic diversity in chicken popula-
tions based on microsatellite markers. In Dekkers JCM, Lamont
SJ, Rothschild MF (eds.) From Jay Lush to Genomics: Visions
for Animal Breeding and Genetics, Conference [Proceedings]
(p. 174). Iowa State University, Department of Animal Science:
Ames. 1999.

[76] Nunome M, Nakano M, Tadano R, Kawahara-Miki R, Kono
T, Takahashi S, et al. Genetic divergence in domestic Japanese
quail inferred from mitochondrial DNA D-loop and microsatel-
lite markers. PloS One. 2017; 12: e0169978.

[77] Mathur S, Tomeček JM, Heniff A, Luna R, DeWoody JA. Ev-
idence of genetic erosion in a peripheral population of a North
American game bird: the Montezuma quail (Cyrtonyx montezu-
mae). Conservation Genetics. 2019; 20: 1369–13681.

[78] Dementeva NV, Romanov MN, Kudinov AA, Mitrofanova OV,
Stanishevskaya OI, Terletsky VP, et al. Studying the structure
of a gene pool population of the Russian White chicken breed
by genome-wide SNP scan. Sel’skokhozyaistvennaya Biologiya
[Agricultural Biology]. 2017; 52: 1166–1174.

[79] Mathur S. An Evolutionary Genomics Study for Conservation of
the Montezuma Quail. Doctoral dissertation, Purdue University:
West Lafayette, IN, USA. 2020

[80] Dementieva NV, Shcherbakov YS, Tyshchenko VI, Terletsky
VP, Vakhrameev AB, Nikolaeva OA, et al. Comparative analy-
sis of molecular RFLP and SNP markers in assessing and under-
standing the genetic diversity of various chicken breeds. Genes.
2022; 13: 1876.

[81] Sponenberg DP, Beranger J, Martin AM, Couch CR. Conserva-
tion of rare and local breeds of livestock. Revue Scientifique et
Technique (International Office of Epizootics). 2018; 37: 259–
267.

[82] Albers GA, Rattink AP, Vereijken AL. The future of molecu-
lar genetics in poultry breeding. In EPC 2006 – 12th European
Poultry Conference (Paper 355). World’s Poultry Science Asso-
ciation: Verona. 2006. Available at: https://www.researchgate.n
et/publication/254200124 (Accessed: 22 July 2024).

[83] Negash F, Tadesse Y, Getachew A. Genomic selection for poul-

10

https://www.researchgate.net/publication/332182286
https://www.researchgate.net/publication/332182286
https://dergipark.org.tr/en/download/article-file/3510725
https://dergipark.org.tr/en/download/article-file/3510725
https://www.researchgate.net/publication/342802513
https://www.researchgate.net/publication/342802513
https://www.researchgate.net/publication/342832587
https://www.researchgate.net/publication/342832583
http://www.jwpr.science-line.com/attachments/article/47/J%20World%20Poult%20Res%208(4)%20111-119,%202018.pdf
http://www.jwpr.science-line.com/attachments/article/47/J%20World%20Poult%20Res%208(4)%20111-119,%202018.pdf
https://www.iaras.org/iaras/filedownloads/fnsij/2016/013-0004.pdf
https://www.iaras.org/iaras/filedownloads/fnsij/2016/013-0004.pdf
https://www.researchgate.net/publication/254200124
https://www.researchgate.net/publication/254200124
https://www.imrpress.com


try breeding and its potential applications in developing coun-
tries. Poultry Science Journal. 2021; 9: 133–145.

[84] Baumgartner J, Bondarenko YuV. Search for autosexing strains
and crosses in Japanese quail. In Proceedings of the 8th In-
ternational Symposium on Actual Problems of Avian Genet-
ics (pp. 262–265). Slovak Society for Agriculture, Forestry,
Food and Veterinary Sciences of Slovak Academy of Sci-
ences; Poultry Research and Production Institute Bratislava;
Czechoslovak Branch of WPSA: Smolenice. 1989. Avail-
able at: https://www.cabidigitallibrary.org/doi/full/10.5555/
19890171986 (Accessed: 22 July 2024).

[85] Faraji-Arough H, Maghsoudi A, Rokouei M. Study of genetic
and non-genetic effects on cumulative survival in a crossbred
population of quail. Tropical Animal Health and Production.
2022; 55: 5.

[86] Ibrahim FK, Sabri MA, Mohamed AA. Estimating genetic pa-
rameters for productive qualities in local and Ukrainian quail and
their various crossbreeds. NTU Journal of Agriculture and Vet-
erinary Science. 2024; 4. Available at: https://journals.ntu.edu
.iq/index.php/NTU-JAVS/article/view/814 (Accessed: 22 July
2024).

[87] Khalil MH, Elattar EA, El-Seedy AS, Shebl MK. Detection
of single-nucleotide polymorphisms in growth hormone and
insulin-like growth factor-1 genes related to growth traits in
purebred and crossbred quails. Veterinary World. 2024; 17:
1482–1489.

[88] Wu Y, Zhang Y, Hou Z, Fan G, Pi J, Sun S, et al. Population
genomic data reveal genes related to important traits of quail.
GigaScience. 2018; 7: giy049.

[89] Kayang BB, Fillon V, Inoue-Murayama M, Miwa M, Leroux

S, Fève K, Monvoisin JL, Pitel F, Vignoles M, Mouilhayrat C,
Beaumont C. Integrated maps in quail (Coturnix japonica) con-
firm the high degree of synteny conservation with chicken (Gal-
lus gallus) despite 35 million years of divergence. BMC Ge-
nomics. 2006; 7: 1–8.

[90] Yuan Z, Zhang X, Pang Y, Qi Y. Association analysis of
PMEL gene expression and single nucleotide polymorphism
with plumage color in quail. Animal Biotechnology. 2023; 34:
5001–5010.

[91] Santos TC, Gates RS, Tinôco IFF, Zolnier S, Rocha KSO, Fre-
itas LCSR. Productive performance and surface temperatures of
Japanese quail exposed to different environment conditions at
start of lay. Poultry Science. 2019; 98: 2830–2839.

[92] Petek M, Ozen Y, Karakas E. Effects of recessive white plumage
colour mutation on hatchability and growth of quail hatched
from breeders of different ages. British Poultry Science. 2004;
45: 769–774.

[93] Aydin CE, Petek ME, Çİbİk RE. Effect of recessive colour
mutation on haematological characteristics of Japanese quail
(Coturnix coturnix japonica). Archiv für Geflügelkunde. 2008;
72: 164–167. Available at: https://avesis.uludag.edu.tr/yayin/d
278d550-5501-4467-b53b-a5df3cd9ea31/effect-of-recessive-c
olour-mutation-on-haematological-characteristics-of-japanes
e-quail-coturnix-coturnix-japonica (Accessed: 22 July 2024).

[94] Ryabokon YuO, Pabat VO, Mykytyuk DM, Frolov VV,
Katerynych OO, Bondarenko YuV, et al. Catalog of Poultry
Breeding Resources of Ukraine. Ryabokon YuO (ed.) Poultry
Research Institute: Kharkiv. 2005. Available at: http://avianu
a.com/archiv/plevreestr/per.pdf (Accessed: 22 July 2024). (In
Russian)

11

https://www.cabidigitallibrary.org/doi/full/10.5555/19890171986
https://www.cabidigitallibrary.org/doi/full/10.5555/19890171986
https://journals.ntu.edu.iq/index.php/NTU-JAVS/article/view/814
https://journals.ntu.edu.iq/index.php/NTU-JAVS/article/view/814
https://avesis.uludag.edu.tr/yayin/d278d550-5501-4467-b53b-a5df3cd9ea31/effect-of-recessive-colour-mutation-on-haematological-characteristics-of-japanese-quail-coturnix-coturnix-japonica
https://avesis.uludag.edu.tr/yayin/d278d550-5501-4467-b53b-a5df3cd9ea31/effect-of-recessive-colour-mutation-on-haematological-characteristics-of-japanese-quail-coturnix-coturnix-japonica
https://avesis.uludag.edu.tr/yayin/d278d550-5501-4467-b53b-a5df3cd9ea31/effect-of-recessive-colour-mutation-on-haematological-characteristics-of-japanese-quail-coturnix-coturnix-japonica
https://avesis.uludag.edu.tr/yayin/d278d550-5501-4467-b53b-a5df3cd9ea31/effect-of-recessive-colour-mutation-on-haematological-characteristics-of-japanese-quail-coturnix-coturnix-japonica
http://avianua.com/archiv/plevreestr/per.pdf
http://avianua.com/archiv/plevreestr/per.pdf
https://www.imrpress.com

