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ABSTRACT

Objective: This study was aimed to identify /GF-1, LEP and PRLR polymorphisms by
PCR-RFLP method in Saanen goats.

Material and Methods: In the study, nasal samples were collected from 72 Saanen
goats via swabs and DNA was extracted. Polymorphisms of /IGF-1, LEP and PRLR were
determined by PCR amplification followed by RFLP method using restriction enzymes
Cac8l, NmuCl and Hinall, respectively.

Results: LEP/NmuCl produced three genotypes as TT, TC and CC with frequencies
90.3, 6.9 and 2.8%, respectively and two alleles (T=93.8%, C=6.2%). The frequencies
of genotype for PRLR gene were CC (90.3%), CT (5.5%) and TT (4.2%) and allele
frequencies were C (93.1%) and T (6.9%). The /GF-1/Cac8l locus was monomorphic in
Saanen goat population.

Conclusion: The present results may be useful for future studies conducted on goat
genome with respect to /GF-1, LEP and PRLR genes.

0z
Amag: Bu calismada Saanen kegilerinde IGF-1, LEP ve PRLR polimorfizmlerinin PCR-
RFLP yontemi ile saptanmasi amaglanmustir.

Materyal ve Yontem: Calismada, 72 Saanen kegisinden suriint0 yoluyla burun igi
epitel hiicre 6rnekleri toplanmis ve DNA izolasyonu yapilmistir. IGF-1, LEP ve PRLR
polimorfizmleri, sirasiyla Cac8l, NmuCl ve Hinall restriksiyon enzimleri kullanilarak PCR
amplifikasyonunu takiben RFLP yontemi ile belirlenmistir.

Bulgular: LEP/NmuCl lokusunda genotip frekanslan TT (%90.3), TC (%6.9) ve CC
(%2.8) ve allel frekanslar T (%93.8), C (%6.2) seklinde tespit edilmistir. PRLR/Hinull
icin genotip frekanslari CC (%90.3), CT (%5.5), CC (%4.2) ve allel frekanslar C (%93.1)
ve T (%6.9) olarak hesaplanmistir. /GF-1/Cac8l lokusunun popilasyonumuzda
monomorfik oldugu tespit edilmistir.

Sonug: Bu sonuglarin /IGF-1, LEP ve PRLR genleri ile ilgili olarak ke¢i genomu Uzerinde
yapilacak gelecekteki ¢alismalar igin faydali olabilecegi disiniUlmektedir.

are dairy goats, %95 of this is Asia and Africa

Goats have been an important source of milk, meat, — continents (FAO  2019). The goat breeding is
fur, and skins throughout human history in a very wide ~ Widespread especially in Aegean, Mediterranean, and
geography of the world. It is estimated that the world ~ South-Eastern Anatolia regions of Turkiye. Saanen
goat population is 1 billion heads, 218 million of which ~ g0ats are one of the most milk-producing goat breeds

all over the world and Saanen goats and their hybrids
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are widespread in Turkiye (TolU et al. 2010). The
studies on DNA markers of candidate genes of
production traits in goats have an important role in
goat selection and breeding. Insulin-like growth factor
1 (IGF-1), Leptin (LEP) and Prolactin Receptor (PRLR)
genes are some of these candidate genes related to
growth, meat quality, milk and reproduction traits.

IGF-1 gene takes a key part in development and
growth regulation (Werner and Bruchim, 2009). /GF-1
stimulates protein metabolism and it is important for
the function of some organs as a factor of cell
differentiation and proliferation (Yoshimura, 1998, Yu
et al. 2004). IGF-1 gene is located on the s5th
chromosome of the goat and consists of 6 exons and 5
introns. The associations of SNPs in /GF-1 gene and
production traits have been investigated in livestock
species, such as chicken (Li et al. 2008; Abdalhag et al.
2016) sheep (Darwish at al., 2017; Dettori et al. 2018;
Bayram et. al. 2019) and cattle (Mullen et al. 2011; Gui
et al. 2018; Das et al. 2019). There are studies
examining the relationship between IGF-1 gene
polymorphisms and growth characteristics in goats.
(Supakorn and Pralomkarn, 2013; Naicy et al. 2017;
Shareef et al. 2018). Also, associations between /IGF-1
gene polymorphisms and cashmere traits were
investigated by Shanaz et al. (2020).

Leptin is an enzyme that has pleiotropic effects on the
regulation of body weight, energy homeostasis, fat
deposition, reproduction and lactation. In mammals,
plasma leptin level is highly associated with the body
fat and energy balance when the amount of body fat
increases, the plasma leptin level also increases,
signaling the receptors in the hypothalamus to adjust
the body's energy balance and appetite is suppressed
(Leifers et al. 2003). The leptin gene is located on the
4th chromosome in goats consists of 3 exons and 2
introns, nevertheless only 2 of its exons are translated
to protein (Shojaei et al. 2010). Leptin, which contains
146 amino acids, is first secreted from the adipose
tissue and then enters the blood circulation after the 21
amino acid signal peptide is detached from the
molecule (Isik and Ozdil 2020). Associations between
LEP gene and growth, milk and meat production traits
in cattle were investigated in various studies (Kulig and
Kmiec 2009; Curi et al. 2011; Anton et al. 2011; 2012;
Trakovicka et al. 2013; Kawaguchi et al. 2017; Kok and
Vapur, 2021). There were studies conducted on the
relationships between LEP gene polymorphisms and
growth and meat quality traits in sheep (Boucher et al.
2006; Shojaei et al. 2010; Saleem et al. 2018). It has
been stated that there were associations between LEP

gene polymorphisms and some growth traits in goats
(Wang et al. 2015). Similar studies have been carried
out in goats, although they are limited in number
according to studies on livestock.

The prolactin receptor, encoded by the PRLR gene, is a
member of the growth hormone/prolactin receptor
gene family, which contains the same DNA sequence
regions. The PRLR gene is located on the 2oth
chromosome in goats and consists of 10 exons and g
introns. Prolactin exerts its effects by binding to PRL
receptors on target cells. This structure contributes to
the activation of JAK2 kinases (Janus kinase 2) and

subsequent phosphorylation of STATs5 (signal
transducer and activator of transcription &)
transcription factors that regulate intracellular

transcription of milk protein genes. The JAK-STAT
signaling pathway transfers information from
extracellular chemical signals to the nucleus, and this
mechanism results in DNA transcription and the
expression of related genes. For this reason, it is stated
that the PRLR gene is a crucial candidate gene
associated with milk, protein and fat yield in livestock
(Baran et al. 2002; Istk and Bilgen 2019).
Polymorphisms in PRLR gene are associated with
growth, meat, reproduction milk quality traits in
livestock (Lu et al. 2011; Di et al. 2011; Hou et al. 2013;
2014; Li et al. 2011; Cosenza et al. 2018; Liang et al.
2019).

IGF-1, LEP and PRLR are candidate genes for various
production traits which affect metabolism with
different signal pathways. Considering these genes
affect some similar traits in animals, evaluating these
genes and their interactions with each other can
provide a better knowledge of their effects. To the best
of our knowledge, there is no polymorphism study with
IGF-1, LEP and PRLR genes all together has been
investigated in goats. The aim of the present study was
to detect IGF-1, LEP and PRLR polymorphisms by using
PCR-RFLP method in Saanen goats.

MATERIAL and METHOD
Collection of Epithelial Cells and DNA Isolation

In this study, nasal epithelial cell samples for the DNA
isolation were obtained from a total of 72 Saanen goat
raised in a private farm in Manisa province, TUrkiye
according to the animal experiments local ethics
committee directive of Ege University. Nasal epithelial
cells were collected via sterile nasal swabs by inserting
a nasal swab to the animal’s nostrils and rubbing firmly
against the walls of nasal cavity for 30-40 seconds.
Then swabs were put back into their sterile tube and
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stored at +4 °C until DNA isolation process. The nasal
swabs were swirled 30-60 s in 200 pL of 1x phosphate-
buffered saline (PBS) prior to DNA isolation. Genomic
DNA isolated from PBS solution with nasal epithelial
cells samples by using Thermo Scientific™ GenelET
Genomic DNA Purification Kit. The isolated genomic
DNA stored at -20 °C until use.

PCR-RFLP

A 294 bp fragment in 5’ flanking region of /GF-1 were
amplified by PCR according to Naicy et al. (2017). The
primers of /GF-1 gene (accession no: HQ731040) were;
F: 5'TGAGGGGAGCCAATTACAAAGC 3, R:
5'CCGGGCATGAAGACACACACAT 3" For
identification of polymorphisms in LEP gene, a 412 bp
fragment in second exon of the gene was amplified by
PCR according to Wang et al. 2015. The primer
sequences for LEP gene (accession no: JQ739233) were;
F: 5 ATGTGGGTGGTAACGGAGCA 3’ and R: g
GGTGGGAGGCAAGGGAAGT. A 162 bp fragment in 5’
UTR region of PRLR gene was amplified by PCR
according to Zhou et al. (2011). The primers of PRLR
gene (accession no: EU678913.2) were; F: ¢
AGGGCTTCCATAGAGTCTCAG 3, R: 5
ACTGTAATCCACTAGGCTCCTC 3. The PCR mix was
25 pl total reaction volume including 1200 ng genomic
DNA, 2.5 pl 10X reaction buffer, 2.5 mM MgCl? 0.2 mM
dNTP, o.5 uM of each primer and o.5 U of Taqg DNA
polymerase (Thermo Scientific). The PCR conditions
were as follows: Initial denaturation at 95°C for 5 min,
38 cycles; denaturation at 94°C for 30 sec, annealing
(/IGF-1: 54.0 °C, LEP: 58°C, PRLR: 59°C) for 60 sec and
extension at 72°C for go sec, followed by a final
extension at 72°C for 5 min.

Following to thermal cycling process, the PCR products
were digested with different restriction enzymes for
each gene. PCR products of /GF-1 gene were digested
with restriction enzyme Cac8l (NEB) using the protocol
as follows: Digestion protocol was carried out in a 20 pl
volume with 200 ng of the amplified DNA, 5 U enzyme,
and 2 pl of manufacturer’s buffer and incubated at
37°C for 3 hours. PCR products of LEP gene were
digested with restriction FastDigest NmuCl (Thermo
Scientific) using the manufacturer’s protocol as
follows: A 15 pl volume with 200 ng of the amplified
DNA, o.5 U enzyme, and 1 pl of manufacturer’s buffer
and incubated at 37°C for one hour. PCR products
PRLR gene were digested with sU Hinill (Thermo
Scientific), 200 ng of the amplified DNA, 2 pl bufferin a
total 20 pl volume. PCR and restriction fragments were

sorted out by electrophoresis on a 3% agarose gel
stained with SafeView™ Classic (abm).

Statistical Analysis

The number and frequency of alleles, the observed
(Ho) and the expected (He) heterozygosities, and the
Hardy-Weinberg equilibrium were calculated by using
the PopGene (Yeh and Boyle 1999).

RESULTS and DISCUSSION

A 294 bp long PCR fragment of the IGF-1 gene was
amplified. The Cac8l digestion of the PCR products
produced digestion fragments of 196 bp, 72 bp and 26
bp (26 is not visible) for GG homozygotes (Figure 1).
The restriction site showed a monomorphic pattern.
AG and AA alleles weren't detected in this population.
Despite our results, the locus of IGF-1 was investigated
by Naicy et al. (2017) in Malabari and Attappady Black
goats and detected 89 GG, 86 AG genotypes and 84
GG, 18 AA genotypes in Malabari and Attappady Black
goats, respectively. It has been observed that growth
traits (body height, body weight and chest
circumference) in goats were significantly affected by
IGF-1 polymorphisms.

Figure 1. Genotypes of PCR-RFLP for the /GF-1, LEP and PRLR genes
(M:  Thermo Scientific™ GeneRuler 100 bp ladder. IGF-1: PCR
product (294 bp), GG (296 bp, 72 bp and 26 bp (not visible)). LEP:
PCR product (412 bp), TT (218 bp, 194 bp). CC (412 bp). TC (412 bp,
218bp, 194 bp). PRLR: PCR product (162 bp), CC (236 bp, 26 bp). TT
(162 bp), CT (262 bp, 136 bp, 26 bp))

Sekil 1. IGF-1, LEP ve PRLR genleri PCR-RFLP genotipleri (M: Thermo
Scientific™ GeneRuler 100 b¢ merdiven. IGF-1: PCR Urinii (294 bg), GG
(196 bg, 72 b, 26 be (jelde gérinmdiyor)). LEP: PCR irini (412 bg), TT
(218 bg, 194 bg), CC (412 bg), TC (412 bg, 218, 194 bg). PRLR: PCR irini
(162 bg), CC (136 bg, 26 bg), TT (162 bg), CT (162 bg, 136 bg, 26 bg))

In the present study, a SNP in exon 2 (g.117 T>C) within
the PCR product (412 bp) of the leptin gene was
screened in Saanen goats. Digestion of the 412 bp PCR
fragment with NmuCl restriction enzyme generated
two bands (218 bp and 194 bp) as homozygous TT,
three bands (412 bp, 218 bp and 194 bp) as
heterozygous TC and one band (412 bp) as

17



Yilmaz and Bilgen

homozygous CC individuals (Figure 1). The genotypic
frequencies of the TT, TC and CC genotypes were
90.3%, 6.9% and 2.8%, respectively and the allele
frequencies of the T and C alleles were 93.8% and
6.2%, respectively (Table 1). A chi-squared (x2) test
showed that the population was not in Hardy-
Weinberg equilibrium for this locus (P>0.05). The
degree of heterozygosity obtained in the Saanen goat
population for observed heterozygosity (Ho) value
were 0.069, while for the expected heterozygosity (He)
0.118 (Table 1). LEP gene SNPs and their relations with
growth traits were investigated by Wang et Al. (2015).
LEP gene’s same SNP locus was detected with PCR-
RFLP method, and the major allele frequency (T)
ranged between 0.583 and 0.987 within the five goat
breeds. It has been stated that SNPs of the LEP gene
were related with growth traits (body weight, length,
height and chest circumference). Intron 2 of leptin
gene polymorphism in goat breeds in Iran was revealed
by using PCR-RFLP. Three genotypes including MM,
Mm and mm were detected with genotype frequency

of 94%, 1% and 5% in the goat population, respectively
(Esmaeili et al. 2020). Furthermore, Genetic variations
of the LEP gene and their associations with economic
traits have been investigated in other farm animals.
Significant associations were revealed between
polymorphisms of the LEP gene and the dressed
carcass weight and fatty acid compositions in Japanese
Black Cattle (Kawaguchi et al. 2017). De Oliveira et al.
(2013) revealed significant associations between the
exon 2 polymorphisms of the LEP gene and various
meat quality traits in Nellore cattle. Two SNPs in the
exon 3 and intron 2 of LEP gene and their associations
with milk traits were investigated by Kulig and Kmiec
(2009) and it has been stated that LEP gene variations
significantly affect milk, protein, and fat yield. Effects
of LEP gene polymorphisms on reproductive efficiency
in Awassi ewes was revealed by using DNA sequencing
method and it was found significant associations
between litter size and LEP polymorphisms (Younis et
al. 2019).

Table 1. LEP and PRLR gene frequencies (chi-square (x2), probability value (p-value), observed heterozygosity (Ho) and expected

heterozygosity (He))

Cizelge 1. LEP ve PRLR gen frekanslari (ki-kare (x2), olabilirlik degeri (p-value), gézlenen heterozigotluk (Ho) ve beklenen heterozigotluk (He))

Locus Genotype Frequency Allele Frequency X2 p-value Heterozygosity
1T TC CcC T C Ho He
65 5 2
Observed
0, 0, 0,
LEP 90:3% 6.9% 2.8% 0.938 0.062 13.63 0.000223 0.069 0.118
Expected 63.25 8.50 0.25
P 87.8%  11.8%  0.4%
cc cT T C T X2 p-value Ho He
65 4 3
oLk Observed 90.3% %55 42% A 3 ]
Expected 62.31 937 032 0.931 0.069 26.11 0.000000 0.05 0.130
86.6% 12.9% 0.5%

Hardy-Weinberg equilibrium by the x2- test, x2 =3.81 P=0.05,x2=6.63 P=0.01

To identify the PRLR 5' UTR polymorphism, an SNP
(g.970 C>T) within the PCR product (162 bp) of the
leptin gene were screened in Saanen goats. Digestion
of the 162 bp PCR fragment with Hinill restriction
enzyme generated two bands (136 bp and 26 bp) as
homozygous CC, three bands (162 bp, 136 bp and 26
bp) as heterozygous CT, and one band (162 bp) as
homozygous TT individuals (Figure 1). 26 bp is not
visible on agarose gel. The genotypic frequencies of
the CC, CT and TT genotype were 90.3%, 5.5% and
4.2%, respectively and the allele frequencies of the C

and T alleles were 93.1% and 6.9%, respectively. The
degree of heterozygosity for PRLR locus for Ho value
was 0.056, while for He value 0.130 (Table 1). (Table 1).
A chi-squared (x2) test showed that the population was
not in Hardy-Weinberg equilibrium for this locus
(P>0.05) (Table 1). Zhou et al. (2011) investigated
associations between the same PRLR 5’ UTR region
SNP and fiber traits in cashmere goats. The genotypes
were revealed CC genotype (509 goats), and CT
genotype (81 goats) and also the allele frequencies
were 93.14% for C and 6.86% for T. It has been stated
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that PRLR gene variations significantly affect cashmere
weight and diameter. The combined effects of four
SNPs within PRLR gene on milk production traits were
searched in goats by Hou et al. (2013) and it has been
stated that PRLR gene variations might affect milk
yield, fat and protein. Xiong et al. (2016) has searched
PRLR gene SNPs and their relations with growth traits
and litter size in goats and stated that PRLR gene
variations significantly affect growth traits. It was also
shown that the PRLR gene associates with litter size in
goats in various studies (Li et al. 2011; Di et al. 2013;
Hou et al. 2014; An et al. 2015).
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