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Genetics and Breeding

Genetic polymorphism of the melatonin receptor MT1 gene in four Bulgarian sheep breeds 

1 1 1 1 2 1D. Hristova *, S. Georgieva , Ts. Yablanski , S. Tanchev , R. Slavov , G. Bonev

1 Department of Genetics, Breeding and Reproduction, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
2 Department of Animal Science, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. The polymorphism of the melatonin receptor MT1 gene, for the first time was investigated on a total of 204 individuals representing four Bulgarian  
sheep breeds:  Local Starozagorska, Local Karnobatska, Breznishka and Sofiiska (Elin-Pelinska). Two genetic variants of MTNRIA gene (C and T) and three 
genotypes (CC, CT and TT) have been identified using PCR-RFLP analysis. The obtained gene frequencies of MTNRIA C and T in two investigated breeds, 
were opposite: 0,302 and 0,698 in Local Starozagorska, versus 0,729 and 0,271 in Local Karnobatska, respectively. Similar allele frequencies were found in 
the other sheep breed: 0,520 and 0,480 in Breznishka and 0,526 and 0,474 in Sofiiska, respectively. The most prevalent genotype at the MTNRIA was CT, with 
the highest frequency 0,532 in Local Karnobatska, while in Local Starozagorska it was low (0,229). The mean observed heterozygosity was 0.401 and varied in 
the particular populations between 0.226 (Local Starozagorska) to 0.541 (Local Karnobatska). Generally, the average genetic diversity at MTNR1A was 0.458, 
with the highest value in Breznishka (0.504). The exact P-values for the separate breeds were obtained and all breeds were in correspondence with HWE 
equilibrium. The results presented in this study show, clearly polymorphism of the MTNR1A gene with respect to Bulgarian local sheep breeds and thus would 
be confirm the importance of this gene as a potential DNA marker in marker – assisted selection as well as for preservation genetic diversity of the examined 
populations.

Keywords: Bulgarian sheep breeds, genetic polymorphism, melatonin receptor gene, PCR-RFLP analysis

Abbreviations: MTNR1A – melatonin receptor 1A gene, RFLP – Restriction Fragment Length Polymorphism, SNP – single nucleotide polymorphism, 
SSR – simple sequence repeats (Microsatellites), LSTZ – Local Starozagorska, LKNB – Local Karnobatska, BRSK – Breznishka, SEPL – Sofiiska (Elin-
Pelinska) sheep, dNTPs – deoxynucleotide triphosphates, EtBr – ethidium bromide, EDTA – ethylenediaminetetra – acetic acid, QTL – Quantitative Trait 
Loci, BNSI – National Statistical Institute of Bulgaria, HWE – Hardy-Weinberg equilibrium, bp – base pair
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2005). Introduction
Identified in 1958 by Lerner, melatonin is an important hormone 

in animal physiology both for its role in the synchronization of Sheep breeding is one of the most widespread and important 
biological cycles linked to photoperiodic exposure and for its sectors of Bulgaria, according to its share (about 12 %) of the whole 
immunomodulatory and cytoprotective properties (Turek et al., agricultural production (BNSI, 2011). A total of 90% of local sheep 
2004; Pandi-Perumal et al., 2006). This hormone is synthesized by breeds are raised under low input production systems in the 
the pineal gland and its production is controlled by the day/night mountainous and marginal regions of the country. Despite of it, the 
alternation (Bittman et al., 1983; Karschet et al., 1984). In sheep, sheep populations present high variation in morphology and 
short photoperiods, which correspond to the highest melatonin production characteristics and show excellent adaptability to local 
secretion, positively influence the pulsative secretion of environment (Stankov et al., 2007). Among the all local sheep 
Gonadotropin-releasing hormone (GnRH) from the hypothalamus breeds, the most productive is Local Starozagorska, the fertility of 
and, as a consequence, Luteinizing Hormone (LH). Thus LH which is the highest (130-160%). The popularity of the Local 
secretion is responsible for alternating presents or absence of Karnobatska sheep is due to the high quality of the lamb meat–a 
ovulation in the female and varying sperm production in the male. traditional food for the region (Danchev, 1994., Dimitrov and 
The photoperiodic information is conveyed from the retina to the Dimitrova, 1994., EASRAB, 2011). An important factor limiting 
pineal gland where the light signal is translated into the daily cycle of efficiency of sheep production is seasonal variation in fertility. 
melatonin secretion (Malpaux et al., 1999; Ganguly et al., 2002). Traditionally, fhe local sheep breeds have cyclic ovarian activity from 
Melatonin exerts its functions through the link with specific July till November. It means that the milk and meat production, and 
receptors, which were formerly classified in ML1 and ML2 subtypes, producing of their products, are not continuous throughout the year 
on the basis of their affinity for the 2-iodomelatonin (Dubocovich, even though the market would require it. Therefore use of a 
1995). So far, three specific melatonin receptors (Mel1a, Mel1b and polymorphic genetic marker in the selection program for continuous 
Mel1c) of the ML1 group have been cloned and characterized in milk and meat production would be particularly advantageous in the 
some lower vertebrates (Reppert, 1997). In mammals, Mel1a and intensive sheep farms. In this context, the melatonin gene 
Mel1b are present, which showed a similar pharmacology and they polymorphism significance concerns the selection, breeding and 
have recently been renamed MT1 and MT2, respectively. Only MT1 genetic improvement of the sheep breeds (Notter and Cockett, 
seems to be the receptor involved in the regulation of seasonal 
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reproductive activity (Weaver et al., 1996; Dubocovich et al., Blood GenomicPrep DNA Purification Kit (GE Healthcare, UK) 
2003).This protein receptor is codified of melatonin receptor 1A according to the manufacturer's instructions. The quality of the 
gene, named MTNR1A, which consists of two exons divided by an obtained about 10-50 ng DNA was determine using gel monitoring 
intron of about 8 kb of length (Reppert et al., 1994). Exon I codifies for and spectrophotometry and samples were stored at -20ºC until the 
the first transmembrane domain and the first intracellular loop; the analysis was performed. PCR amplifications were carried out in total 
remaining part of the receptor is contained within a larger exon, exon of 10µl volumes, containing 40ng DNA template, 20pM of each 
II, which is more studied for this reason (Messer et al., 1997). primer and 2× (1.5 mM MgCl2) Red Taq DNA Polymerase Master 
Relative to the sequence U14109 for the MT1 receptor deposited in mix (VWR, Int., Belgium). PCR amplification of the polymorphic 
GenBank, there are 8 base changes in the DNA sequence (different region of  MTNR1A gene was performed with primers described by 
single nucleotide polymorphisms, SNPs), of which 6 are silent, while Messer et al. (1997) with sequencies as follows: forward – 5'-TGT 
two of them led to amino acid substitutions (Barret et al., 1997). GTT TGT GGT GAG CCT GG-3' and reverse  –  5'-ATG GAG AGG 

Identification of major genes or QTL affecting the control of GTT TGC GTT TA-3' (NZYtech, Lda, Portugal). All PCR reactions 
seasonal reproduction in sheep could be an important factor in were accomplished by GeneAmp thermocycler (Applied Biosistems, 
understanding those neurophisiological processes (Hernandez et USA) under the following conditions: an initial denaturation at 94ºС 
al., 2005). An other point of view, the efficiency of selection to reduce for 5 min., followed by 30 cycles at 94ºС for 30 sec., primer anealing 
seasonality of sheep breeding would be improved by identification of at 62ºС for 45 sec.; extension at 72ºС for 1 min. and final extension at 
informative genetic markers. Of an economically efficient way for 72ºС for 10 min. The obtained PCR products were identified on 2 % 
increasing meat production, the maintenance of high levels of agarose gel (TopVision agarose, Fermentas, USA) dissolved in 
realized fertility (defined as the percentage of ewes that lamb) and 1×TBE buffer, stained with EtBr and were visualized under UV light. 
appropriate levels of fecundity are essential for efficient sheep 
production. Till now, the effect of melatonin by applying of implants in Genotyping
some Bulgarian sheep breeds have been reported by Bonev (2008), The genotypes of the analyzed individuals at the MTNR1A gene 
but the polymorphism of MTNR1A gene have not been investigated. were established using RLFP analysis. The digestion reaction was 
The objective of the present study was to reveal genotype profile of carried out in 10µl final volume, containing 6µl PCR product,  10U/µl 
four local sheep populations with respect to this gene using PCR- RsaI enzyme, 1× Buffer Tango (Fermentas), incubated at 37 ◦C for 2 
RFLP method. The obtained results will give an opportunity to use h, followed by a process of enzyme deactivation conducted at 80єC 
the MTNR1A genetic variations as DNA markers for reproductive for 20 min. The restriction enzyme cut the sequence of nucleotides at 
activity of ewes in order to be involved in control of seasonal a certain specific site at 5'…GT↓AC…3'. The fragment size was 
breeding of the Bulgarian sheep breeds. Also, the decrease in the determined using GeneRuler™ Ladder, 50bp (Fermentas) supplied 
number of some of the local sheep breeds such as Breznishka, Local with 1ml 6x DNA Loading dye on 2 % agarose gel and then visualized 
Karnobatska, Local Starozagorska was observed, due to the under UV light. 
introduction of highly productive and specialized breeds and crosses The obtained PCR product and restriction fragments were 
(EASRAB), therefore it is important to preserve these sheep genetic visualized with Electrophoresis Gel Imaging Analysis System (Bio-
resources. Imaging Sistems, Israel). GelCapture software was employed for the 

semi-quantitative digital image analysis of the bands.

Statistical Analysis Material and methods
To estimate allele and genotype frequencies of MTNR1A gene 

was used GENETIX software (Belkhir et al., 1996-2004), version Experimental animals and sample collection
4.05 (05.05.2004). The ARLEQUIN software, version 3.5.1.3 The experiments were performed in year 2011 and a total of 204 
(09.2011) was used to estimate heterozygosities values and animals (unrelated females and males) representing four local 
average GDV (Excoffier and Lischer, 2010). The same software was populations of Bulgarian sheep breeds were analyzed: Local 
used to check whether the examined populations were in HWE, by Starozagorska (LSTZ), Local Karnobatska (LKNB), Breznishka and 
the method of Guo and Thommson (1992), using the Markov Chain Sofiiska (Elin-Pelinska) (BRSK). Blood samples were collected from 
Monte Carlo algorithm.farms in both public and private sectors, under conduct of the 

EASRAB and for two breeds (BRSK and SEPL) were obtained ones 
from 3, respectively 2 flocks. Blood samples (3 ml) were collected 

Results from v. jugularis into vacuum tubes (Biosigma, Italy), containing 
EDTA. 

PCR amplification and restriction profile Gene selection
The PCR product of the MTNR1A gene, from exon II of all The MTNR1A gene is situated on chromosome 26 of the sheep 

samples was amplified successfully and a single band, composed of genome ( Crawford et al., 1995) and 2 alleles (C and T) are known up 
824bp was obtained. Figure 1 presents UV-visualization of to date with higher frequency in most sheep breeds. These alleles 
amplification products of 7 samples, belonging to experimental differ from each other in one base substitution (transition C/T) at 
animals from LKNB.position 606bp of the gene sequence. This SNP variation was used 

The used of the RFLP approach with digestion of the restriction for allelic forms differentiation through RFLP assay whit RsaI 
endonuclease RsaI enabled identification of alleles at MTNR1A endonuclease enzyme, after PCR amplification of polymorphic 
gene and thus were differentiated C and T alleles in all studied region located in the second exon of the MTNR1A gene. 
animals. For the four examined breeds were obtained three 
genotypes of the MTNR1A gene: two homozygous (CC and TT) and DNA extraction and PCR amplification
one heterozygous (CT), as evidenced on agarose gel, after Genomic DNA was extracted from the whole blood with Illustra 
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Figure 1. Electrophoregram on 2  agarose gel. A. R-products of   MTNR1A gene, . Restriction fragments of R products  
line 1, , , ,11,12 and 1 –homozygous ; line 2, , , ,1  and 1 heterozygous T; line 1 homozygous TT; ine -DNA 
ladder, bp
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Table 1. Allele and genotype frequencies, observed (Hobs) and expected (Hexp) heterozygosity, average gene diversity 
2(c)(GDV) and chi-square test for HWE  at MTNR1A gene in the examined populations

* – number of animals of each genotype and their share in percentage ; ** – degree of probability (p)
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Figure 2. Allele frequencies distribution at MTNR1A in the examined sheep breeds
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Figure 3. Genotype frequencies distribution at MTNR1A in the examined sheep breeds
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Distribution of gene frequencies and heterozygosities identified and thus homozygous TT was found with highest 
The allele and genotype frequencies were estimated and frequency of 0.583, whereas for heterozygous it was 0.229. In the 

summarized in Table 1. The mean frequency value of allele C was two other investigated breeds, the distribution of genotype 
0.519 and varied from 0.302 (in LSTZ) to 0.729 (in LKNB). For the frequencies was similar, as follows: 0.300 for CC, 0.440 for CT and 
allele T, the mean value of frequency was 0.480 and ranged from 0.440 for TT genotype in BRSK and 0.327, 0.414 and 0.259 in SEPL, 
0.271 (in LKNB) to 0.698 (in LSTZ). The distribution of allele respectively. The distribution of genotype frequencies in the different 
frequencies in the different sheep breeds is present in Figure 2. As sheep breeds is present in Figure 3. As seen, the proportions of the 
seen, the allele C was found to dominate in three of the examined three genotypes are identical both for BRSK and SEPL, whereas in 
sheep breeds (LKNB, BRSK and SEPL), whereas in LSTZ it was LSTZ the genotype TT prevails against the genotype CC and in 
allele T. LKNB genotype TT is not represented.

All three genotypes were identified and the highest frequency of The degrees of heterozygosity (Hobs and Hexp) in  the studied 
heterozygotes was found (0.403), compared to homozygotes CC sheep population are given in Table 1.The mean value of the 
and TT, where the mean values were 0.320 and 0.275, respectively observed heterozygosity was 0.401 and varied in the particular 
(Table 1). Among the all examined sheep breeds, in LKNB was populations between 0.226 (LSTZ) to 0.541 (LKNB). Except LKNB, 
estimated the highest frequency of CT genotype (0.532) and also in all examined breeds the Hobs levels were lower than the Hexp, but 
absence of the homozygous TT. In compare to LKNB, in LSTZ, the the established heterozygote deficit was not high. Generally, the 
reverse distribution of genotype and allele frequencies were estimated average genetic diversity at MTNR1A was 0.458, with the 
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highest degree in BRSK (0.504), followed by SEPL (0.503). In CC and TT (32% and 28%), whereas Carcangiu et al. (2009) found 
comparison to these breeds, in LKNB lower value for the GDV significant difference investigating Sarda sheep (53.5% vs. 20.5%). 
(0.399) was found. The obtained exact P-values (Table 1) for Chi- Also, Mura et al. (2010) reported a significant difference between the 
square test in the separate populations confirming the validity of homozygous genotypes in the same sheep breed, where the 
HWE in all examined sheep breeds. percentages for CC and TT were 53% and 17%, respectively. 

Generally, in all Bulgarian sheep breeds were estimated the highest 
proportion of heterozygous CT genotype (41%), with an excess in 
LKNB (54.16%). It could be explained with the failing of TT genotype Discussion
in this sheep population. The higher values of CT genotype were 
also reported by Chu et al. (2006), about the breeds Small Tail Han, Genetic improvement in traits associated with seasonal 
Hu, Suffolk, Dorset and German Mutton Merino sheep, where the breeding in sheep is challenging because these traits have low 
distribution of this genotype was 49.63%, 48.15%, 75%, 70% and heritabilities, are generally not expressed until late in life, are 
47.62%, respectively. commonly recorded only in females, and are expressed only in some 

As a consequence of the obtained values of the different lambing seasons and management systems (Mateescu et al., 
genotypes in this research, the estimated mean heterozygosity in all 2009). Nevertheless, detection of quantitative trait loci and their use 
sheep breeds were equivalent (0.401 for Hobs and 0.458 for Hexp), in marker-assisted selection could therefore substantially enhance 
therefore the heterozygote detected deficit was low. In a particular selection responses. It is well estadlished that lambing out of season 
case with regard to LKNB, we founded the higher value of Hobs is partially under genetic control, but little is known about the identity 
(0.541), compared to Hexp (0.399). Similar results were reported by of the responsible genes. Knowledge of those genes such as 
Ghiasi (2006), where the correspondingly values were as fallow: MTNR1A gene or linked genetic markers would allow more efficient 
0.420 and 0.335 for Shall sheep and 0.300 and 0.257 for Karakul and more intensive selection programs for aseasonal sheep 
sheep breeds. The lower Hobs (0.330) than Hexp (0.500) was reproduction. 
founded in Iranian Karakul sheep by Shahroudi et al. (2006).  The In the present study, the genetic polymorphism of MTNR1A 
estimated exact P-values for chi-square evidenced for a good gene in four Bulgarian local sheep breeds was examined using 
accordance between empirically and theoretically expected PCR-RFLP method. The obtained 824bp products of exon II of this 
genotypes in all examined sheep population. Regardless of the gene were digested with endonuclease enzyme RsaI and thus were 
estimated a medium value (0.458) for GDV in examined Bulgarian detected two alleles, C and T in the populations under investigation. 
sheep populations, two of them (BRSK and SEPL) pointed a higher The comparison of allele frequencies from our study with those 
level of genetic diversity (0.504 and 0.503, respectively) and reported by many authors evidenced some differences between the 
therefore it emphasizes the significance of their genetic fund. In this Bulgarian and the other sheep breeds. Among the four examined 
study was founded the greatest differences between the Bulgarian breeds in this study, LKNB showed the highest frequency of allele C 
population of LKNB and LSTZ (originated from different regions and (0.729) versus allele T (0.271), which were similar to these recorded 
phenotypically distinct each other), with respect to MTNR1A gene. in Small Tail Han sheep from China (0.710 for C versus 0.290 for T 

allele) by Chu et al. (2006) and in Iranian Shall breed (0.790 versus 
0.210), reported by Ghiasi et al. (2006), also in Sarda (0.660 versus 

Conclusion0.340), estimated by Carcangiu et al. (2009) Quite the contrary allele 
distribution, was reported By Notter and Cockett (2004) in Suffolk 
(0.08 for C and 0.920 for T), to Israel Awassi (0.20 for C and 0.80 for In conclusion, the obtained experimental results about the 
T), which marks predominate of allele T over C in the mentioned examined Bulgarian sheep breeds in this study confirm the presence 
sheep breeds. The ratio C/T allele in LSTZ was 0.302 versus 0.698 of genetic polymorphism in the exon II of MTNR1A gene, detected by 
and it was on range than those observed by Mateescu at al. (2009) in PCR-RFLP analysis. With respect to this gene, two examined sheep 
Dorset sheep (0.350 vs. 0.650). The distribution of allele frequencies breeds were the most distinct – Local Karnobatska and Local 
in other three Bulgarian breeds (BRSK, SEPL and SEPL) was similar Starozagorska, while the other two were similar –  Breznishka and 
with low variations between the two alleles (from 0.519 to 0.526 for Sofiiska (Elin-Pelinska). Therefore, in the sheep genetic 
allele C and from 0.474 to 0.480 for allele T). The last distribution was improvement plans should take into account the MTNR1A gene as a 
in agreement with these observed by Notter and Cockett (2004) in potential DNA marker in order to achieve maximum reproductive 
Hampshire sheep breed (0.570 for C and 0.430 for T allele), and in efficacy. However, future investigation is required to evaluate the 
Han (0.520 for C and 0.48 for T allele), also in Suffolk, Dorset and association between different genotypes and reproductive sheep 
German Mutton Merino sheep breeds, reported by Chu et al. (2006). seasonality. 
The comparison of available data and results obtained here for allele Considered the cultural, historical and environmental 
frequency shows large breed variation with respect to MTNR1A importance of the sheep breeds in Bulgaria, the data obtained here 
gene. However, both alleles were identified in all analysed breeds, could be used as an initial guide for the development of rational 
which is evidence that the investigated mutation appeared early breeding strategies for increase sheep production as well as for 
during evolution as wee as it emphasizes that current selection has preservation and utilization of local sheep breeds in the region.
not eliminated any of alternative forms of the MTNR1A gene. 

Analysing the distribution of genotypes, three ones were 
identified in all examined sheep breeds. Same as Ghiasi report Acknowledgment 
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