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Abstract

In the present study was investigated the single nucleotide polymorphism in exon II of the mela-
tonin receptor (MTNR1A) gene in a total of 90 individuals representing three fine fleece sheep breeds: 
Caucasian Merino, Ascanian Merino and Karnobat Merino. By means of PCR-RFLP analysis two al-
lele variants of MTNR1A gene (C and T) and three genotypes (CC, CT and TT) have been identified. 
The obtained genotype frequencies of alleles C and T in the investigated sheep breeds were: 0.60 and 
0.40 in Caucasian Merino sheep, 0.47 and 0.53 in Askanian Merino sheep, 0.60 and 0.40 in Karnobat 
Merino sheep, respectively. The genetic diversity at MTNR1A gene was with the highest value in the 
population of Ascanian Merino (Ho = 0.533 и He = 0.498). The lowest coefficient of inbreeding (Fis 
= -0.070) was also observed in this group and it was in correspondence with HWE equilibrium (p = 
0.4). The frequency of mutant allele T was higher (0.53) than the wild allele C (0.47). In Caucasian and 
Karnobat Merino breeds the allele frequencies were the same – 0.60 and 0.40 for allele C and allele 
T, respectively. Despite the same allelic frequencies, the two breeds had different distributions in the 
genotype frequencies, with the most significant difference in the heterozygous genotype CT – 0.40 
for Caucasian Merino and 0.27 for Karnobat Merino. The population of Karnobat Merino sheep breed 
was not consistent with HWE with p = 0.02. The results in this study showed polymorphism in exon II 
of the ovine MTNR1A gene in all tested breeds. Due to that fact, it could be concluded that this gene 
is suitable for genetic marker. 
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Introduction

Sheep fertility is an economically important 
complex trait influenced by many environmen-
tal and genetic factors. Composite traits such as 
reproduction are not affected by traditional se-
lection and do not result in desirable genetic im-
provement. It is known that sheep reproduction is 
highly influenced by seasonality, which is a major 
obstacle to improving animal fertility. The work 
in this direction is aimed at extending the breed-

ing season. Changes in the duration of the day can 
significantly influence the breeding abilities of 
sheep which have maximum reproductive activ-
ity during short days (Giantsis et al., 2016).

Melatonin is called the “hormone of dark-
ness” because it is synthesized by the pineal 
gland during the night. The study of the mech-
anism of seasonal reproduction in sheep is ex-
tremely important, as species with a clearly de-
fined circadian rhythm. Short photoperiods have 
a positive effect on increasing melatonin levels. 
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Higher melatonin levels stimulate the secretion 
of follicle-stimulating hormone and luteinizing 
hormone from the pituitary gland. Melatonin 
acts through two specific receptors called 1A and 
1B. In sheep, the A1 receptor has been shown to 
be the major receptor that mediates reproductive 
and the circadian cycle. Polymorphisms in the 
MTNR1A gene have been associated with sea-
sonal breeding in different sheep breeds (Ahmad 
et al., 2015; Fathy et al., 2018). 

In the present study was investigated the sin-
gle nucleotide polymorphism in exon II of the 
melatonin receptor (MTNR1A) gen in a total 
of 90 individuals representing three fine fleece 
sheep breeds: Caucasian Merino, Ascanian Me-
rino and Karnobat Merino.

Materials and methods

The experiment was conducted in laboratory 
of Genetics, part of the Agronomy faculty at Uni-
versity of Forestry, Sofia, Bulgaria. The object of 
the investigation were 90 ewes belonging to three 
fine fleece sheep breeds – 30 from Caucasian Me-
rino, 30 from Ascanian Merino and 30 from Kar-
nobat Merino. Approximately 3 mL of peripheral 
blood were collected from each individual in vac-
uum tubes containing anticoagulant EDTA. The 
samples were transported to the laboratory and 
stored at -20 °C until the experimental part.

Genomic DNA was extracted from whole 
blood taken from vena jugularis using a genom-
ic DNA purification kit (Illustra Blood Genomic 
Prep DNA Purification Kit, GE Healthcare) ac-
cording to the manual instructions. Spectropho-
tometric (spectrophotometer Biodrop) and aga-
rose gel (1% agarose gel) electrophoresis methods 

were used to determine DNA quality and quanti-
ty. The DNA concentration were about 12–15 ng/
µl. PCR reactions were prepared in total volume 
of 10 µl containing 40 ng genomic DNA, 0.2 μl dd 
H2O, 20 pM of each primer and 5 μl of ready-to-
use 2×(1.5 mM MgCl2) MyTaqTM HS Red Mix 
(Bioline). A PCR fragment of exon 2 of the ovine 
MTNR1A gene (GenBankU14109) was amplified 
with specific primers as described by Messer et 
al. (1997) with the following sequences: 
forward 5’-TGTGTTTGTGGTGAGCCTGG-3’
reverse 5’-ATGGAG AGGGTTTGCGTTTA-3’

The following PCR conditions were used for 
amplification of MTNR1A gene: primary dena-
turation 94 °C / 5 min; 30 times - Denaturation 
94 °C / 30 s, Annealing 62 °C / 45 s, Elongation 
72 °C / 1 min; Final elongation 72 °C / 10 min. 

The PCR products of the MTNR1A gene were 
digested by fast RsaI enzyme (Jena Bioscience) 
according to Saxena et al. (2015 a). The reaction 
was conducted in 10 μL volume containing 6 μL 
of amplicon, 0.5 μL of enzyme, 1 μL of 10 buffer 
and 2.5 μL of ddH2O. The incubation was per-
formed at thermal block for 15–20 min at 37 °C. 

The fragments after restriction analysis were 
separated by agarose gel electrophoresis using 50 
bp DNA Ladder (Thermo) on 2,8% agarose gel 
(Bioline) stained by 10000x RedGelTM Nucleic 
Acid Stain (Biotuim) and 1x TBE buffer (Jena 
Bioscience). The results were visualized under 
UV light.

Results and discussion

After DNA extraction from the whole blood 
were received 90 samples with DNA with con-
centration about 12–15 ng/µl (Figure 1).

 
Fig. 1. Extracted DNA samples tested on 1% agarose gel
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PCR fragments with expected sizes of 824 
bp, corresponding to exon 2 of the MTNR1A 
gene, was obtained from sheep DNA using spe-
cific primers. 

By means of PCR-RFLP and RsaI enzyme di-
gestion analysis two allele variants of MTNR1A 
gene (C and T) and all three genotypes have been 
identified – CC (411 bp, 267 bp), CT (411 bp, 290 
bp, 267 bp) and TT (411 bp, 290 bp) (Figure 2). 
The obtained genotype frequencies of alleles C 
and T in the investigated sheep breeds were: 0.60 
and 0.40 in Caucasian Merino sheep, 0.47 and 
0.53 in Askanian Merino sheep, 0.60 and 0.40 in 
Karnobat Merino sheep, respectively. The genet-
ic diversity of MTNR1A gene was with the high-
est value in the population of Ascanian Merino 
(Ho = 0.533 и He = 0.498). The lowest coefficient 
of inbreeding (Fis = -0.070) was also observed in 
this group and it was correspondence with HWE 
equilibrium (p = 0.4). The frequency of mutant 
allele T was higher (0.53) than the wild allele C 
(0.47). In Caucasian and Karnobat Merino breeds 
the allele frequencies were the same – 0.60 and 
0.40 for allele C and allele T, respectively. De-
spite the same allelic frequencies, the two breeds 
had different distributions in the genotype fre-

quencies, with the most significant difference in 
the heterozygous genotype CT – 0.40 for Cau-
casian Merino and 0.27 for Karnobat Merino. 
The population of Karnobat Merino sheep breed 
was not consistent with HWE with p = 0.02. The 
results in this study showed polymorphism in 
exon II of the ovine MTNR1A gene in all tested 
breeds. The allelic and genotypic frequencies of 
the MTNR1A were shown in Table 1. Due to that 
fact, it could be concluded that this gene is suit-
able for genetic marker in sheep.

1 – DNA Ladder 50 bp; 2, 3, 4, 5, 6, 7, 12 – 
heterozygous genotype CT (411, 290, 267 bp); 8, 
9, 10, 15 – homozygous genotype TT (411, 290 
bp); 11, 13, 14, 16 – homozygous genotype CC 
(411, 267 bp)

Limited genetic information using RFLP 
markers is available on sheep breeds in Bulgar-
ia. Gencheva (2019), studied the single nucle-
otide polymorphism in exon II of the melatonin 
receptor (MTNR1A) gene on a total of 177 indi-
viduals representing four local Bulgarian sheep 
breeds: Copper-red Shumen, Karakachan, Plev-
en Blackhead and Sofia (Elin-Pelin). Two genetic 
variants of MTNR1A gene (C and T) and three 
genotypes (CC, CT and TT) have been identified 

 
Fig. 2. Agarose gel electrophoresis (2.8%) showing PCR RFLP of exon 2 of MTNR1A  

using the RsaI enzyme
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using PCR-RFLP analysis. The obtained gene 
frequencies of MTNR1A C and T in two inves-
tigated sheep breeds, were contrary: 0.694 and 
0.306 in Pleven Blackhead sheep, versus 0.267 
and 0.733 in Copper-red Shumen sheep, respec-
tively. Similar allele C/T frequencies were found 
in the other sheep breed: 0.589 and 0.411 in 
Karakachan and 0.605 and 0.395 in Sofia sheep, 
respectively. The genetic diversity at MTNR1A 
gene was with the highest value in Sofia sheep 
population (Ho = 0.512 and He = 0.489), low co-
efficient of inbreeding (Fis = -0.070) and in cor-
respondence with HWE equilibrium (p = 0.701). 
An average level of genetic diversity was estab-
lished in the populations Copper-red Shumen, 
Karakachan and Pleven Blackhead (He = 0.391, 
0.489 and 0.428), high coefficient of inbreeding 
(Fis = 0.432, 0.495, 0.258) and HWE deviation (p 
= 0.002, 0.006 and 0.049). 

Worldwide two polymorphic regions in MT-
NR1A gene have been studied by means of PCR-
RFLP technique. Thirty Istrian sheep were test-
ed for polymorphisms at the locus 606 and 612 of 
the MTNR1A gene by PCR-RFLP method. All 
three genotypes were determined in both loci 
(606: CC 0.17; CT 0.40; TT 0.43; 612: GG 0.64; 
GA 0.33; AA 0.03) and allele frequencies were: C 
0.37; T 0.63; G 0.80 and A 0.20. In investigated 
sample of Istrian sheep high frequency of geno-
type GG and allele G that are characteristic for 
out-off-season lambing breeds was determined. 
Although Istrian sheep were characterized by a 
genetic predisposition for out-off-season lamb-
ing, they are more difficult to achieve by using 
current technological procedures subordinated 
to milk production (Držaić et al., 2020).

Saxena et al. (2015) investigated 101 animals 
of the Chokla breed raised in an experimental 
farm of the Central Sheep and Wool Research 
Institute (C.S.W.R.I.), Avikananagar, Rajast-
han, India. The aim was to determine the poly-
morphism in exon-2 of MTNR1A at positions 
C606T and G612A from the gene locus using 
the two specific endonucleases RsaI and MnlI, 
as well as to search for new mutations with in-
fluence on seasonal estrus and reproductive pe-
riod in sheep.

Cosso et al. (2021) investigated the genetic 
variation in the coding and promoter region 
of MTNR1A, in 165 sheep aged 5.2 and 1.5 
years, of the Awassi breed and its association 
to animal fertility. Thirty-one single nucle-
otide polymorphisms (SNPs) have been iden-
tified, five of which are missense mutations, 
some of which influenced phenotypic para
meters.

This gene was characterized with high geno-
type variation in different sheep breeds, which 
identified it as suitable molecular marker for in-
vestigation of genetic basis of seasonal reproduc-
tion in sheep.

Conclusions

The results in this study showed the presence 
of all three possible genotype of MTNR1A gene 
in the three tested breeds – Ascanian, Caucasian 
and Karnobat Merino. Due to that fact it could 
be concluded that this gene is suitable for genetic 
marker and it could be implemented in marker 
assisted selection (MAS). 

Table 1. Allele and genotype frequencies, heterozygosities, coefficient of inbreeding, chi-square value and 
p-value of the investigated sheep breeds

Breed n
Allele frequency Genotype frequencies Heterozygosity

Fis X2 p
C T CC CT TT Ho He

CA 30 0.60 0.40 0.40 0.40 0.20 0.400 0.480 0.166 0.57 0.4*

AS 30 0.47 0.53 0.20 0.53 0.27 0.533 0.498 -0.070 0.21 0.6*

KM 30 0.60 0.40 0.46 0.27 0.27 0.266 0.480 0.445 5.19 0.02**

* p > 0.05 –  statistically insignificant differences in HWE equilibrium
** p < 0.05 – statistically significant differences, not consistent with HWE
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