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Abstract

WT) were included in this study.

than the other two lines.

Background: Insulin-like growth factor 2 (IGF2) is one of three hormones that share high structural similarity to
insulin. Itis involved in several insulin-like growth-regulating and mitogenic activities. This study was conducted to
genotype the coding regions of the IGF2 gene in Japanese quail (Coturnix japonica) using PCR-SSCP-sequencing, and
to assess the possible association of the polymorphism of these regions with the main egg production traits. A total
of 240 female birds with an equal number of three Japanese quail populations (Brown or BR, Black or BL, and White or

Results: All the genotyped regions exerted no heterogeneity in their sequences with one exception detected in the
exon 2. In this locus, a novel single nucleotide polymorphism (SNP) was detected in which “A”was substituted with “G”
at 81 position with a silent effect (p.F79=SNP) on IGF2 protein. Association analyses indicated a significant (P < 0.05)
relation of this SNP with egg number (EN) and bird weight (BW) in the analyzed populations, in which the birds with
AG genotype had lower EN and BW than those with AA genotype. The p.F79=SNP was largely detected in the WT line

Conclusion: The detected p.F79=SNP has a highly negative effect on EN and BW in Japanese quail. Thus, the imple-
mentation of the variations of the IGF2 gene can be a useful marker in the marker-assisted selection of Japanese quail.
This is the first report to describe IGF2 gene variations in Japanese quail, which strongly suggests raising the birds
from the BR line with AA genotype when breeders desire to raise Japanese quail for large-scale egg production.
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Background

Japanese quails (Coturnix japonica) are the smallest
farmed avian species with increasing profitable avenue as
an alternative source for meat and eggs. These small-to-
medium-sized birds belong to the same family of chicken
and pheasant (Phasianidae) and have considerable
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similarities in physical characteristics and behavior [1].
However, these hardy birds characterize with more
advantages than chickens, such as their substantial capac-
ity to benefit from food, its resistance to many poultry
diseases that invade chickens, low feed intake, and high
reproductive proportions [2]. For these reasons, these
birds are increasingly raised for producing both eggs
and meats and as a laboratory animal model for multiple
areas of scientific inquiries [3]. It is well-known that Japa-
nese quails have achieved considerable importance in the
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specialty markets among agricultural species due to the
unique flavor and high nutritional value of their meat and
eggs [4, 5]. However, several strategies of quails breeding
have still been out of focus since the breeding of these is
being challenged with decreased and unbalanced produc-
tivity. Therefore, the issues of selecting the most favora-
ble quail populations for egg production are mandatory.
So that, several candidate genes have been selected and
considered as a basis for market-associated selection and
their association with the main productive traits has been
analyzed [6, 7]. In addition, a number of genomic regions
linked to the production traits in Japanese quail have
been identified using linkage analyses [8—11]. One of
these highly interesting candidates is the IGF2 gene (gene
ID; 107314538). Due to multiple growth regulating activi-
ties attributed to this crucial insulin-similar gene, it can
be considered as one of the major candidates for breeding
improvements in birds. It consists of four exons and three
introns within chromosome number 5 in quails (NCBI
Reference Sequence: NC_029520.1). The expressed prod-
uct of the IGF2 gene is the insulin growth factor 2 (IGF2),
which is composed of 224 amino acids that share remark-
able structural similarities with insulin (NCBI Reference
Sequence: XP_015719328.1). IGF2 has a wide range of
activities in controlling growth and development, such as
cell growth promotion, survival control, migration, and
differentiation via its corresponding IGF receptor [12].
It has been well established that this gene is involved in
the stimulation of mitotic responses, and its knockout in
mice leads to a significant reduction in body weight [13].
In birds, the versatile roles of IGF2 in controlling growth
rate, lipid metabolism, and body composition have been
documented [14]. The association of IGF2 gene polymor-
phism with growth and production traits has extensively
been described in chickens [15]. Despite the beneficial
information obtained from these association studies, this
possible association has not been described in Japanese
quail. Therefore, the present study aimed to investigate
the association between IGF2 gene polymorphism with
egg production traits in three domesticated lines of Japa-
nese quail. According to our knowledge, this study is the
first one to analyze the genetic variation of the /GF2 gene
in Japanese quail.

Methods

Japanese quail lines

Initially, 1200 eggs of Japanese quail (Coturnix japon-
ica) were included in the study. Equal total number of
these eggs were collected from three lines of quails;
Brown (BR) line (# = 400), Black (BL) (# = 400), and
White (WT) line (n = 400). Eggs were incubated and
hatched using the hatching guidelines recommended
by Romao et al. [16]. The living conditions, housing,
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feeding, temperature, sex determination were performed
according to Al-Kafajy et al. [17]. Once quails get sexual
maturity, males were excluded from the study, and only
females were retained and individually maintained in lay-
ing cages. Subsequently, the egg number (EN), egg weight
(EW), and birds weight (BW) were recorded on a total of
240 female birds from three lines of Japanese quail, BL (n
80), BR (# 80), and WT (# 80). All EN, EW, and BW traits
were recorded weekly, starting from the proposed sexual
maturity week (week 6) until week 12.

Genomic DNA isolation

One drop of peripheral blood was collected from the
wing vein of each female quail. Genomic DNA was
extracted from all 240 birds using a manual salting out
procedure [18]. The quantity and quality were described
in birds [19]. The genomic DNA integrity was visual-
ized by direct electrophoresis on ethidium bromide
pre-stained 0.08% agarose evaluated using a Nanodrop
spectrophotometric method (Biodrop, pLITE, UK).

Polymerase chain reaction

Four PCR fragments were designed using NCBI Primer-
BLAST software [20]. The main designing approach for
these four primers pairs was made to cover all four cod-
ing regions of the /GF2 gene in such a way each PCR
amplicon would represent one specified exon. The lyo-
philized oligonucleotides were purchased from Bioneer
(Daejeon, South Korea). The PCR amplification reac-
tions were performed using Bioneer PCR premix. The
optimum amplification conditions for the four designed
amplicons were empirically determined using a gradient
PCR as described in Table 1. Standard PCR experiments
were performed on PCR thermocycler (Nexus, Eppen-
dorf, Hamburg, Germany). The amplification protocol
was initiated by one cycle of denaturation at 94°C for 4
min, followed by 30 cycles of denaturation at 94°C for 30
s, annealing for 45 s, and elongation at 74°C for 45 s, and
was concluded with a final extension at 72°C for 5 min.
PCR amplicons were verified by electrophoresis on 1.5%
agarose gel.

Single-strand conformation polymorphism (SSCP)

SSCP experiments were performed using a rapid high
voltage approach [21], with several modifications. Briefly,
each PCR amplicon was treated with an equal volume of
SSCP denaturing-loading buffer (95% formamide, 0.05%
xylene cyanol, 0.05% bromophenol blue, and 20mM
EDTA, pH 8). After denaturation for 7 min, 2 ul of PCR
amplicons were immediately placed on ice and frozen for
about 10 min. Subsequently, 2 pl of samples were loaded
on neutral polyacrylamide gel (0.1 mm thickness, 10 cm
length, and 20 cm width). Electrophoresis conditions
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Table 1 The oligonucleotide primer sets designed for the amplification of the IGF2 in three populations of Japanese quails. The
present annotations of this study variants were based on GenBank accession number NC_029520.1

Set Primer code Primer sequence (5’ — 3’) Locus Length Annealing temp.

1 IGF2,exo1-F GGTCCCTCTAGTGACACGC Exon 1 365 bp NA
IGF2,exo1-R CAAAGCGAGGAGAGAGAGCC

2 IGF2,ex02-F TTGGCATAGCATGAGGTGGG Exon 2 232 bp 61.0°C
IGF2,ex02-R ATGGCTTCTTTCCCCAGGTG

3 IGF2,ex03-F CTACCTTGTTGAGGGCTGGG Exon 3 236 bp 60.7 °C
IGF2,ex03-R TGGGTAAAGGGTGACGAAGC

4 IGF2,exo4-F CCGGCTGGTCACAGTTCATT Exon 4 277 bp 59.8°C
IGF2,ex04-R GTTGTTCTCCCTTCCCCAGG

were optimized according to details described in Table 2.
Gels were fixed and stained according to the protocol of
Byun et al. [22].

DNA sequencing

Each detected genotype on the SSCP gel was subse-
quently exposed to sequencing reaction from both
termini according to instructions of Macrogen labora-
tories (Macrogen, Geumchen, Seoul, Korea). The refer-
ring database of the IGF2 nucleic acid sequences was
retrieved (https://www.ncbi.nlm.nih.gov). The sequenced
SSCP genotypes were visualized and annotated by
BioEdit ver, 7.1. (DNASTAR, Madison). The amino acid
reading frames of the SSCP variants were determined
using the Expasy translate server (http://web.expasy.org/
translate/). Each detected variant was visualized using
SnapGene Viewer ver. 4.0.4 (http://www.snapgene.com).
Only clear electropherograms were considered in the
observed variations in comparison with their retrieved
corresponding references of the IGF2 sequences (Gen-
Bank accession number NC_029520.1). The appropriate
reading frame of each observed variant was aligned with
its corresponding reference sequences within the IGF2
protein using the UniProtKB server (http://www.uniprot.
org/align/).

Genetic diversity analyses
The assessment of the genetic polymorphism of the IGF2
gene variants was performed by calculating allele and

genotype frequencies, observed heterozygosity (Ho),
expected heterozygosity (He), and the effective number
of alleles (Ne) were performed using PopGen32 software,
v. 1.31 [23]. Chai-squared test (y?) was also calculated
to verify the possible deviation from Hardy—Weinberg
Equilibrium (HWE) expectations for the distribution of
genotypes. The polymorphism information content (PIC)
was computed using the following formula [24].

. ) m B m—1 m 2 2

PIC =1 Zilei Zi=1 Zj=i+1 2p; Pj
where pi and pj are the frequencies of the ith and jth

allele, respectively, and m is the number of alleles.

Association analyses

Statistical analyses to determine the significance of
the lines and IGF2 genotypic effects were analyzed by
ANOVA-repeated measures (GLM procedure of SPSS, v
23), in which the following model was used;

Yiik = n+Lj+ Gr + (LG)j + pj + vij + +nik + eiji

where p is the overall mean, Lj is the main effect of
lines to (2 L;=0), G, is the main effect of genotype to
- G=0), (LG) jk is the interaction effect, pjis the main
effect of subjects N (0, o* ,), Y is the interaction effect of
subjects and lines ~ N (0; GZU.), 7 is the interaction effect

Table 2 SSCP electrophoresis conditions of the amplicons of the IGF2 gene in three lines of Japanese quails. All PCR amplicons were
electrophoresed on 0.1 mm thickness of 10 x 20 (L x W) cm diameters polyacrylamide gels

Set Amplicons Gel concentration Running Running time Running voltage Running amperage
temperature

1 IGF2,exo02 8% 16°C 4.0hr 210V 100 mA

2 IGF2,exo3 10% 18°C 4.5hr 200V 100 mA

3 IGF2,exo4 8% 20°C 4.5 hr 200V 105 mA
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of subjects and genotype ~ N (0; o%;) and e is random
error assumed e ~ N (0; 0%). Means of the significant
main factors were compared using the Tukey test. P-val-
ues of less than 0.05 were considered statistically signifi-
cant for all comparisons.

Results

Genotyping analyses

All the coding regions of the IGF2 gene, as well as their
flanking regions, were screened by designing four specific
PCR primers (Fig. 1A). Unfortunately, the PCR experi-
ments of the first PCR amplicons designed to specifically
amplify the exon 1 were tuned to be problematic since no
specific results were detected. The other three amplicons
of exon 2, exon 3, and exon 4 amplicons showed specific
PCR products, of 232 bp, 236 bp, and 277 bp, respec-
tively. Concerning both exon 3 and exon 4 amplicons,
no heterogeneity was observed after being analyzed by
PCR-SSCP gels. Considering exon 2 amplicons, two PCR-
SSCP patterns were detected, one pattern with two bands
and the other one with three bands (Fig. 1B). Sequenc-
ing reactions confirmed this heterogeneity by detect-
ing a homozygous A/A electropherograms at the 81th
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position in the two bands pattern and a heterogeneous
A/G electropherograms at the same position in the three
bands pattern (Fig. 1C). The novelty of the observed
A81G SNP was confirmed by Ensembl browser 9. Both
detected SSCP genotypes were assigned AA and AG for
the homogenous and heterogeneous status of each geno-
type. The observed AA and AG genotypes were respec-
tively deposited in the NCBI-bankit database under the
accession numbers (MT193259 and MT193260). It was
observed that this SNP was positioned in the Phe79
within the IGF2 protein. The silent effect (p.F79=) was
determined by expasy translate and UniprotKB servers,
respectively (Fig. 1D).

Genetic diversity and association analyses

Concerning the BR line, the most abundant genotype was
AA, which was predominantly observed in this studied
population with a total frequency of 0.76 (n = 61). The
highly dominant AA genotype was followed by the AG
genotype, which was detected with a total frequency of
0.24 (n = 19). The high percentage of AA genotype was
reduced in the BL line, which was detected in lower
frequency (0.65, n = 52), with an increased ratio of AG

IGF2 gene (NCBI Reference Sequence: NC_029520.1)

. :

v EXON3 EXON 4 v
> >

No SNP(s) detected

CGCAGACHEBIAACTGTCA

i

A/A

CGCAGACBAACTGTCA
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Fig. 1 A schematic diagram for the IGF2 gene-based PCR-SSCP-sequencing strategy in three lines of Japanese quails. A PCR design of three

AG

¢.10781972A>G (p.F79=), a silent SNP

PCR-specific primers pairs for the amplification of 232 bp, 236 bp, and 277 bp in exon 2, exon 3, and exon 3, respectively. B Post-PCR genotyping
using SSCP technigue, in which only exon 2 showed two different genotypes. C Sequencing reactions interpretation of the detected genotypes,

in which only one SNP was detected in the exon 2. D Characterization of the observed SNP, in which a silent effect p.F79= was observed in the
detected SNP. The positions of primers and the nomenclature of the observed SNPs are listed according to NCBI Reference Sequence: NC_029520.1
following the nomenclature described in varnomen.hgvs.org/
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genotype (0.35, n = 28). In contrast to BR and BL lines,
the lowest frequency of AA genotype (0.34, n = 27) was
observed in the WT line, with the advent predominance
of the AG genotype (0.66, n = 53). This sort of geno-
type distribution ranged from low in the BR line (PIC =
0.188), intermediate in the BL line (PIC = 0.251), to high
in the WT line (PIC = 0.344) (Table 3). However, the
values of Ho, He, Ne, and PIC in WT line at p.F79= SNP
locus were higher than that of BL and BR breed, respec-
tively, which implied that the polymorphism and genetic
variation of WT breed were higher than that found in
BL and BR populations, respectively. However, the Chai
square tests showed that the polymorphism of the /GF2
gene in all three studied birds populations showed sig-
nificant deviation from the Hardy Weinberg equilibrium
(P < 0.05).

Association analyses results showed a significant (P <
0.05) contribution of lines of birds (BR, BL, and WT) and
the two detected genotypes (AA and AG genotype) of the
IGF2 gene. This line/genotype interaction was continu-
ously observed in two measured production traits at all
time intervals. Line of birds and genotype of IGF2 were
both significantly (P < 0.05) associated with EN and BW
in all recorded egg production weeks (Table 4). Differ-
ences between BR, BL, and WT lines were statistically
significant (P < 0.05) for EN and BW traits, since birds
with AA genotype showed higher EN and BW traits than
birds with AG genotype. This observation implied that
the silent p.F79= SNP of the AG genotype exerted a neg-
ative significant (P < 0.05) association with EN and BW
traits. The remarkable differences in the frequency of AA
genotype (0.76) than AG genotype had given the BR line
advent superiority in terms of egg production traits than
BL and WT lines, respectively. However, no significant
(P < 0.05) association between line/genotype factors was
observed in correlation with EW in the entire measure-
ment period. Nevertheless, a clear tendency of birds with
BR lines to exhibit more values than the BL and WT lines
respectively was observed in almost all measured EW.
The same tendency of birds with AA genotype to exhibit
higher values in EW than birds with AG genotypes was

Table 3 Genotype and allele frequencies and genetic diversity
Japanese quails
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also observed. However, these differences were not
reached the significant thresholds in all recorded weeks
(Table 5).

Discussion

Several reasons led us to conduct the present study on
the IGF2 gene in Japanese quails. It was reported that
IGF2 polypeptide is a member within the somatotropic
axis with advent ability to regulate growth and develop-
ment, and thus egg production trait in several breeds of
chickens [15]. Besides, polymorphism in the IGF2 gene
was tightly linked with egg production traits in Muscovy
ducks [25]. These observations may refer to a consider-
able correlation between IGF2 function and egg produc-
tion. Likewise, several candidate genes are increasingly
being reported to be associated with production traits
in quails [26-28]. For this reason, the genetic variations
within this critical gene may bring several alterations for
productive performance in quail populations.

After screening Japanese quails to investigate the IGF2
polymorphism, two genotypes were detected, AA geno-
type and AG genotype. One silent, p.F79=SNP was
detected in birds with AG genotype. Since birds with
AA genotype were characterized with better produc-
tion traits than those with AG genotype, obvious nega-
tive impacts of the p.F71= SNP on these traits were
observed. This observation entails a remarkable associa-
tion between this SNP and the low values of EN, BW, and
EW to a little extent. However, this finding may signify a
considerable importance for this silent SNP as a causative
factor for metabolic alterations [29]. Though no missense
SNP was detected in all the investigated quail’s popula-
tion, the present study detected a crucial silent SNP,
which was found to be associated with low productivity
in quails. This finding may add a further layer of confir-
mation on the recent understanding of the critical func-
tionality of the silent SNP in various metabolic activities
[30]. Though there is no accurate mechanism to explain
how silent SNP may have such a functional impact [31],
it could change substrate specificity which may lead to
alternative protein kinetics [32].

variables for p.F79= SNP locus of the IGF2 gene in three lines of

Genotype frequencies (n) Allele frequencies

Line AA AG A G Ho He Ne X2 PIC

BR 0.76 (n=61) 024 (n=19) 0.8812 0.1187 0.2375 0.2106 0.2093 1.368693 0.188
BL 0.65 (h=52) 0.35(h=28) 0.8250 0.1750 0.3500 0.2906 0.2888 3453851 0.251
WT 034 (n=27) 0.66 (n = 53) 0.6687 03312 0.6625 04458 04430 19.196262 0.344

n number of samples, x? chi-square, Ho observed heterozygosity, He expected heterozygosity, Ne effective allele number, PIC polymorphism information content. All
Chi-square tests have one degree of freedom and are within the significance level P < 0.05
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Table 4 Least square means (+SE) of interaction effects of AA and AG genotypes on egg production traits in three lines of Japanese

quails
Time (week) Trait BR BL WT
AA AG AA AG AA AG
Week 6 EN  4961743541"% 405634 25298¢ 45096+ 1.28342° 30871+ 2548 B¢ 4213443567 39.0964 2522 8¢
EW  9.8834 0545 9.7944 0.504 9,605+ 0.559 9489+ 0.502 9.5264 0.499 9403+ 0.550
BW 2180914105517 211.094+11.5045° 211.265411263"° 206389+12.5025%° 204126413499 #2° 200.103+11.550 B¢
Week 7 EN 59654426592 55694435048  5574242535A° 5268244541820 514004£5518"°° 49417 43541 8¢
EW 1088740558 10.65240.536 10.60740.556 1048940502 1043040520 10.40140.540
BW 2242254138094 214.294410.5048° 2204094£9985"°  210489+£85025¢ 215503412513 210515410543 8¢
Week 8 EN  75151£1301%2 70.29442.5048°  68.89242591 43P  £2.878435358¢ 655574218523 61.1984161858¢
EW 1099540552 10.76340.533 10.99640.558 10.70320511 10.72640.523 10.60340.539
BW 2296214105234 219.7944+11.5048° 2193714£102264° 210489+84898¢  212526+74994¢  208503+9.503 B¢
Week 9 EN 692614123272  65394435045°  64.50042586%°  61.58242546°8¢ 6260343503 "¢ 60.615+5.548 B¢
EW 11.888+0.554 11.79440.509 11.70141.566 11.68941.502 11.8344:0492 11.60040.552
BW 2262594106382 216294+95048°  224257412693%% 214589+105028° 216526411499  206.503+£10.550 B¢
Week 10 EN  72869+1805"%  67.136£25538°  66515+3.8334P 633854254282 62007434654 5901342564 °¢
EW 1138740558 11.19440.504 11.29640.579 11.28940.502 1132640523 11.10340.539
BW  230656+11.335%% 228494410504 5% 226588413.184"° 220989+12.502°%° 2193264104992 209.30349.550 B¢
Week 11 EN  79.585+1.065"2 75694425048 70400426104%° 693534253652 67.342445394%° 6226245529 8¢
EW  11.987+0558 11.79440.504 11.60540.559 11.58940.502 11.62640.499 11.50340.550
BW  23456747.754%°  23149449504°°  231.1174£129794% 218489+£1050252P 225326+11499"P  211.303+9.550 B¢
Week 12 EN  79.182+3087%° 74294425048° 7162543083 697754353782 689734251972  62.030+4.540 B¢
EW  11.988+0.555 11.69440.504 11.70540.559 1158940502 1152640499 11.50340.550
BW 23303046626%% 230036455532  230.198+£10480 4% 218471+£848282P  223.026+10499"P  213.003+7.550 B¢

Values followed by different alphabets differ significantly

AB different capital letters indicate a significant difference in the genotypes within each classification (P < 0.05).

b Different lowercase letters indicate a significant difference in lines within each classification (P < 0.05)

EN, EW, and BW refer to egg number, egg weight, and bird weight, respectively. Data expressed as means+SD

Apart from genotyping results, three lines of Japanese
quails were investigated in this study, BR, WT, and WT.
BR line showed higher egg production values than BL
and WT lines respectively. In all measured production
weeks, birds of BR line had shown higher values of EN
and BW than both birds of BL and WT lines respectively.
In agreement with our findings, Bagh et al [33] have also
revealed the superiority of BR birds over other birds in
terms of egg production traits. However, each selected
line has been found to exhibit a unique association with
egg production [17]. In addition to the observed differ-
ences in plumage color among BR, BL, and WT lines
[34], it has been reported that each line is character-
ized by a different productive performance [35]. Due to
these considerable differences among these lines, it is
rational to explain clear intervention of all three lines as
non-genetic factors alongside the observed genetic fac-
tors with the measured production traits in Japanese
quails [36]. However, it is well established that produc-
tion in birds is multifactorial and it could not be regu-
lated by implicating only one factor, whether being based

on genetic or non-genetic origin. Nevertheless, our con-
ducted genetic diversity analyses indicated three distinct
frequencies of the detected IGF2-based genotyping in
the three investigated populations. BR line exhibited the
lowest AG genotype and highest AA genotype frequen-
cies among the other two populations. In contrast to BR
line, WT line exhibited the opposite distribution of both
AA and AG genotypes, while BL line showed moderate
distributions of them. Statistical analyses indicated that
birds having AG genotype exerted the lower EN and BW
than those with the AA genotype. This observation sig-
nifies that the line with a higher frequency of AG geno-
type had lower egg production traits. Taking these data
into account, it can be concluded that BR line is the most
recommended population for egg production since it
showed a lower frequency of AG genotype than both BL
and WT lines respectively. Accordingly, the results of this
study indicated that both genetic (AA and AG genotypes)
and non-genetic (BR, BL, and WT lines) factors were
not found to exhibit an independent effect on the meas-
ured productive performance in the investigated lines of
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Table 5 Least square means (£SD) of the main effects of AA and AG genotypes and lines on egg production traits in three lines of

Japanese quails

Time (week) Trait Line Genotype
BR BL wT AA AG
Week 6 EN 49.10843.534° 44017430172 3860444535 P 4751244940° 41.12043998°
EW 981141530 9.70041.537 9.68542.532 9.76040.529 9.51040.550
BW 217.092410.538 2 211.308411.058 2P 204111410530 209.862412.885 200472413634 °
Week 7 EN 59.664+5623 ° 54721445342 51411+4.530° 58.897-+4.070° 50.984+3.984°
EW 10.81142.530 10.60141.535 1047941550 10.24240.528 10.02140.549
BW 224242410746 2 2224374108452 215511410530 ° 221.188413.3282 211576413.549°
Week 8 EN 70.185+3.163 2 65.887+3.569 2" 6131642818° 69487443772 61.11743.713°
EW 10.78740.545 10.69841.539 1061141530 1072740549 1066240529
BW 2296614113542 219.412411.0292° 212511410530 ° 2226394168172 210745416611 °
Week 9 EN 69.29243.104 ¢ 64.53742.569 2P 60.61143530° 67.80444.106 ° 61.554+3398°
EW 11.99040.541 11.9004:0.541 11.81140.530 11.92040.548 11.87140.532
BW 226.267410.607 2 219.373412.1902P 206.511410.530° 221.851417.5922 211328419449 °
Week 10 EN 7293243602 ° 66.470+£2.743 2 60.01143530° 69.006-£5.747 61.7914£4353°
EW 11.09840.543 11.09340.550 11.01140.530 11.80540.584 11.00340.572
BW 230.728412.5822 220618411.1922P 209311410.530° 226.241417.9322 217.502419.456 °
Week 11 EN 79.61143.961°2 74.383+£3582°° 71.288+2.530° 76.5714£3.840° 69.920+3.593 °
EW 11.98840.543 11.7004:0.537 11.61140.530 11.60140.544 1149840523
BW 2312474124182 226.550410.701 2P 211311410530° 2254274173092 219.842419.282°
Week 12 EN 78.208+3.9802 7167743.9282° 66.01143.530° 76479+4.763 2 69.69944.775 °
EW 11.9904:0.541 11.60040.537 1141140530 1155740547 11.479+0.525
BW 231.293412.0162 226.032410.607 2P 213011410530 ° 229.792416.025 2 218.091417.670°

Values followed by different alphabets differ significantly

2b pifferent lowercase letters indicate a significant difference within each classification (P < 0.05)

EN, EW, and BW refer to egg number, egg weight, and bird weight, respectively

Japanese quails. Instead, a tight interaction between both
factors was witnessed, in which BR line with AA geno-
type showed the best production values than BR line with
AG genotype or other genetic or non-genetic formulas.
Unfortunately, no association study between IGF2 poly-
morphism and phenotypes traits was published in Japa-
nese quails. Therefore, it can be stated that this study is
the first report to describe such association, which pave
the way for further understanding of /GF2 polymorphism
in other populations with special emphasis on the critical
role of p.F71= in controlling EN and BW traits.

Conclusion

In this study, the association of polymorphisms at the
IGF2 gene with egg production traits in three lines of Jap-
anese quail is described. Advent interaction of both IGF2
genotypes (AA and AG) and birds line (BR, BL, and WT)
in association with EG and BW was observed. Consider-
ing the IGF2 gene effect, it was found that birds with AG
genotype, having the silent p.F71= SNP, had lower EN
and BW than birds with AA genotype. Concerning the
line effect, BR line showed the most favorable production

values than both BL and WT lines. Accordingly, BR line
with AA genotype was highly recommended for egg pro-
duction purposes. Therefore, it can be stated that the pol-
ymorphism of the IGF2 gene has the potential to be used
in marker-assisted selection in Japanese quail. Because
of the negative impact of p.F71= SNP on the measured
traits, this study suggests confirming the absence of the
p.F71= SNP before raising any Japanese quail population
for large scale egg production.
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He: Expected heterozygosity; Ho: Observed heterozygosity; HWE: Hardy—
Weinberg Equilibrium; IGF2: Insulin-like growth factor 2; PIC: Polymorphism
information content; PCR: Polymerase chain reaction; SNP: Single nucleotide
polymorphism; SSCP: Single-strand conformation polymorphism.

Acknowledgements
Not applicable.

Authors’ contributions

M.B.S.A. and AE. conceived and designed the study, D.A.A. conducted the
experiments, and wrote the first draft of the manuscript, G.F. revised the
manuscript, FR. A.and T. M. A. analyzed the data. All authors approved the
final draft of the manuscript.



Ali et al. J Genet Eng Biotechnol (2021) 19:170

Funding
Not applicable.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate

All procedures involving animals were approved by the animal care and use
committee at the Al-Qasim Green University where the experiments were
conducted (dated 10-21-2019, Decision No. 338).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Animal Production, College of Agriculture, Al-Qasim Green
University, Al-Qasim, Babil 51001, Iraq. “Department of Animal Science, Faculty
of Agriculture, Shahid Bahonar University of Kerman, Kerman, PB 76169-133,
Iran.

Received: 19 April 2021 Accepted: 19 October 2021
Published online: 04 November 2021

References

1. Gecgel U, Yilmaz |, Gurcan EK, Karasu S, Dulger GC (2015) Comparison of
fatty acid composition between female and male Japanese quail meats. J
Chem 2015:1-8

2. Santos TC, Murakami AE, Fanhani JC, Oliveira CAL (2011) Production and
reproduction of egg- and meat-type quails reared in different group
sizes. Braz J Poultry Sci 13:9-14

3. Santhi D, Kalaikannan A (2017) Japanese quail (Coturnix coturnix
japonica) meat: characteristics and value addition. Worlds Poult Sci J
73:337-344

4. El-Bayomi KM, El-Tarabany MS, Asr MAF, Awad A, Roushdy SM (2016)
Detection of SNPs in growth hormone and insulin like growth factor -1
genes in two divergently selected lines of Japanese quail. Jpn J Vet Res
64:553-5S57

5. Jeke A, Phiri C, Chitindingu K, Taru P (2018) Ethnomedicinal use and
pharmacological potential of Japanese quail (Coturnix coturnix japonica)
birds® meat and eggs, and its potential implications on wild quail conser-
vation in Zimbabwe: A review. Cogent Food Agric 4:1507305

6. Rasouli Z, Zerehdaran S, Azari MA, Shargh MS (2013) Genetic poly-
morphism of the CAPN1 gene is associated with meat quality traits in
Japanese quail. Br Poult Sci 54:171-175

7. Nasirifar E, Talebi M, Esmailizadeh A, Askari N, Sohrabi SS, Moradian H
(2018) Genetic variability in growth hormone gene and association
between restriction fragment length polymorphisms (RFLP) patterns and
quantitative variation of live weight, carcass, behaviour, heterophil and
lymphocyte traits in Japanese quails. Iran J Appl Anim Sci 8:147-152

8. Ahmadi M, Esmailizadeh AK, Ayatollahi Mehrgardi A, Nasirifar E (2014)
Linkage analysis of microsatellite markers on chromosome 5 in an F2
population of Japanese quail to identify quantitative trait loci affecting
carcass traits. J Livest Sci Technol 2:32-38

9. CharatiH, Esmailizadeh AK, Jabbari Ori R, Moradian H, Ayatollahi Mehr-
gardi A (2014) Detection of quantitative trait loci affecting carcass traits
and internal organs on chromosome 3 in an F2 intercross of Japanese
quail. Anim Sci Pap Rep 32:369-383

10. Iranmanesh M, Esmailizadeh A, Mohammad Abadi MR, Zand E, Mokhtari
S, Wu D (2016) A molecular genome scan to identify DNA segments
associated with live weight in Japanese quail. Mol Bio Rep 43:1267-1272

11. Nasirifar E, Talebi M, Esmailizadeh AK, Moradian H, Sohrabi SS, Askari N
(2016) A chromosome-wide QTL mapping on chromosome 2 to identify

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Page 8 of 9

loci affecting live weight and carcass traits in F2 population of Japanese
quail. Czech J Anim Sci 61:290-297

Chao W, D’Amore PA (2008) IGF2: epigenetic regulation and role in devel-
opment and disease. Cytokine Growth Factor Rev 19:111-120

Gicquel C, Le Bouc'Y (2006) Hormonal regulation of fetal growth. Horm
Res 65:28-33

Beccavin C, Chevalier B, Cogburn LA, Simon J, Duclos MJ (2001) Insulin-
like growth factors and body growth in chickens divergently selected for
high or low growth rate. J Endocrinol 168:297-306

Yan L, Fang X, Liu Y, Elzo MA, Zhang C, Chen H (2017) Exploring the
genetic variants of insulin-like growth factor Il gene and their associa-
tions with two production traits in Langshan chicken. J Appl Anim Res
45:60-63

Romao JM, Moraes TGV, Teixeira RSC, Buxade CC, Cardoso WM (2009)
Incubation of Japanese quail eggs at different temperatures: hatch-
ability, hatch weight, hatch time and embryonic mortality. Arch Vet Sci
14:155-162

Al-Kafajy FR, Al-Shuhaib MBS, Al-Jashami GS, Al-Thuwaini TM (2018) Com-
parison of three lines of Japanese quails revealed a remarkable role of
plumage color in the productivity performance determination. J World's
Poult Res 8:111-119

Al-Shuhaib MBS (2017) A Universal, rapid, and inexpensive method for
genomic DNA isolation from the whole blood of mammals and birds. J
Genet 96:171-176

Al-Shuhaib MBS (2018) A minimum requirements method to isolate
large quantities of highly purified DNA from one drop of poultry blood. J
Genet 97:¢87-e94

Ye J, Coulouris G, Zaretskaya |, Cutcutache |, Rozen S, Madden T (2012)
Primer-BLAST: A tool to design target-specific primers for polymerase
chain reaction. BMC Bioinformatics 13:134

Al-Shuhaib MBS, Al-Thuwaini TM, Fadhil 1A, Aljobouri TRS (2019) GHRL
gene-based genotyping of ovine and caprine breeds reveals highly poly-
morphic intronic sequences in Awassi sheep with several RNA motifs. J
Genet Eng Biotechnol 17:3

Byun SO, Fang Q, Zhou H, Hickford JGH (2009) An effective method

for silver-staining DNA in large numbers of polyacrylamide gels. Anal
Biochem 385:174-175

Yeh FC, Yang RC (1999) POPGENE version 1.31, Microsoft window-based
freeware for population genetic analysis. University of Alberta and Tim
Boyle, Centre for International Forestry Research.

Botstein D, White RL, Skolnick M, Davis RW (1980) Construction of a
genetic linkage map in man using restriction fragment length polymor-
phisms. Am J Hum Genet 32:314-331

Ye Q, Xu J, Gao X, Ouyang H, Luo W, Nie Q (2017) Associations of IGF2 and
DRD2 polymorphisms with laying traits in Muscovy duck. PeerJ 5:e4083
PuYJ, WuY, Xu XJ, Du JP, Gong YZ (2016) Association of VIPR-1 gene
polymorphisms and haplotypes with egg production in laying quails. J
Zhejiang Univ Sci B 17:591-596

Ahmed LS, Al-Barzinji YMS (2020) Three candidate genes and its associa-
tion with quantitative variation of egg production traits of local quails by
using PCR-RFLP. Iragi J Agric Sci 51:124-131

Al-Shuhaib MBS, Al-Kafajy FR, Al-Jashami GS (2020) A computational
approach for explaining the effect of the pr/ gene polymorphism on prol-
actin structure and biological activity in Japanese quails. Anim Biotechnol
29:1-9

Komar AA (2007) Silent SNPs: impact on gene function and phenotype.
Pharmacogenomics 8:1075-1080

Im EH, Hahn'Y, Choi SS (2018) Functional relevance of synonymous alleles
reflected in allele rareness in the population. Genomics 110:347-354
Sukhumsirichart W (2018) Polymorphisms: Genetic diversity and disease
susceptibility, 3-24. https://doi.org/10.5772/intechopen.76728

Kirchner S, Cai Z, Rauscher R, Kastelic N, Anding M, Czech A et al (2017)
Alteration of protein function by a silent polymorphism linked to tRNA
abundance. PLoS Biol 15:22000779

Bagh J, Panigrahi B, Panda N, Pradhan CR, Mallik BK, Majhi B, Rout SS
(2016) Body weight, egg production, and egg quality traits of gray,
brown, and white varieties of Japanese quail (Coturnix coturnix japonica)
in coastal climatic condition of Odisha. Vet world 9:832-836

Minvielle F, Gourichon D, Moussu C (2005) Two new plumage mutations
in the Japanese quail:“curly”feather and “rusty” plumage. BMC Genet 6:14


https://doi.org/10.5772/intechopen.76728

Ali et al. J Genet Eng Biotechnol (2021) 19:170

35.

36.

Minvielle F, Hirigoyen E, Boulay M (1999) Associated effects of the Roux
plumage color mutation on growth, carcass traits egg production and
reproduction of Japanese quail. Poult Sci 78:1479-1484

Recoquillay J, Leterrier C, Calandreau L, Bertin A, Pitel F, Gourichon D et al
(2013) Evidence of phenotypic and genetic relationships between social-
ity, emotional reactivity and production traits in Japanese quail. PLoS
ONE 8:€82157

Page 9 of 9

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Detection of a novel single nucleotide polymorphism in IGF2 gene with a negative impact on egg production and body weight in Japanese quail (Coturnix japonica)
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Background
	Methods
	Japanese quail lines
	Genomic DNA isolation
	Polymerase chain reaction
	Single-strand conformation polymorphism (SSCP)
	DNA sequencing
	Genetic diversity analyses
	Association analyses

	Results
	Genotyping analyses
	Genetic diversity and association analyses

	Discussion
	Conclusion
	Acknowledgements
	References


