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Abstract

Melatonin plays a key role in regulating several vital physiological
processes, including the maturation and functioning of the reproductive
system, pubertal development, seasonal reproduction, and adaptation.
The activation of the melatonin hormone is facilitated by melatonin
receptors. This study aimed to investigate melatonin receptor 1A
(MTNRZ1A) gene polymorphism in cross-bred Hamdani sheep. A total of
102 cross-bred Hamdani ewes were used as animal material. DNA was
extracted from whole blood. The 824 bp PCR products from the exon Il
region of the MTNR1A gene underwent analysis for restriction fragment
length polymorphism (RFLP) using the Rsal restriction enzyme. In the
study, RR, Rr, and rr genotypes were detected for MTNRL1A gene in
cross-bred Hamdani sheep. Genotype frequencies for RR, Rr, rr were
0.69, 0.27, and 0.04, respectively. Allele frequencies were detected as
0.82 and 0.18 for R and r alleles, respectively. In conclusion, more
comprehensive research investigating association between MTNR1A
genotypes and reproductive traits should be carried out in cross-bred
Hamdani sheep.
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1. Introduction

The sheep industry is of vital importance for
Tirkiye as it has contributed to animal
production for centuries. According to novel
data, Turkey is one of the top countries in the
case of the number of sheep worldwide (TUIK,
2023). However, this is not reflected in the
production data as expected. The main reasons
for this are the insufficient recording systems,
traditional breeding strategies, high feeding
cost, and low production ability of animals
(Tamer and Sari6zkan, 2017; Karadas, 2018;
Barig and Celikytirek, 2023).

Sheep breeds raised in Tiirkiye are mainly
native breeds that are well adapted to their
region. Although these breeds have good
adaptation ability, their reproduction depends
on photoperiod (Findik, 2017). Therefore,
reproductive activities are seasonal in most
native sheep breeds of Tiirkiye (Dogan and
Kutlu, 2022). These limit the number of
offspring and eventually sustainability of
animal products such as milk and meat (Dogan
and Kutlu, 2022). However, consumers
demand access to animal products throughout
the year (Kan et al., 2010). Therefore,
seasonality in sheep is one of the major
limitations for consumers’ demands.

In sheep, seasonal reproduction is activated
by Melatonin (MT) secretion in autumn when
the daylight gets shorter. Melatonin secretion
from the pineal gland triggers gonadotropin-
releasing hormone (GnRH). Eventually,
GnRH regulates the secretion of follicle-
stimulating hormone (FSH) and luteinizing
hormone (LH). MT wuses its receptor,
melatonin receptor 1A (MTNR1A), to regulate
reproductive activities in reproductive organs
(Chemineau et al., 2010). Current researches
reveal that seasonality in sheep has genetic
origins. Accumulative findings from these
researches indicate that genetic variations may
affect seasonality and also reproductive traits
in sheep. (Cosso et al., 2021; Antonopoulou et
al., 2023). At this point, the MTNR1A gene is
one of the best-characterized genes. The
findings across previous studies consistently
pointed to an association between the
MTNR1A gene and its role in regulating

seasonal influences on ewes' reproduction in
sheep (Martinez-Royo et al., 2012; Luridiana
et al., 2020; Stari¢ et al., 2020; Cosso et al.,
2021; Antonopoulou et al., 2023). Therefore,
the MTNRL1A gene is an important candidate
to improve reproductive traits by decreasing
seasonality in native sheep breeds of Tiirkiye.

Cross-bred Hamdani sheep are raised in
Siirt province and its surroundings and
constitute the majority of sheep raised in Siirt
in Turkiye (Bakir and Mikail, 2019; Turgut et
al., 2023). In this study, it was aimed to
investigate MTNR1A gene polymorphism in
cross-bred Hamdani sheep.

2. Materials and Methods
2.1. Animals and sample collection

In this study, 102 cross-bred Hamdani ewes
were used as animal material. Blood samples
were collected from 14 flock located in Siirt,
Kurtalan, Tillo, Eruh, Sirvan, Pervari. Blood
samples were collected from the jugular vein
into 9 mL K3EDTA tubes (BD Vacutainer®,
Becton Dickinson, Turkey) and stored at -20°C
until analysis.

2.2 DNA extraction

DNA was extracted from blood using a
genomic DNA isolation kit (Hibrigen, Hydra
Biotechnology, Tiirkiye) following the
manufacturer’s instructions. DNA quantity
and purity were assessed via
spectrophotometry  (Allsheng, Hangzhou,
China), and integrity was evaluated via %1
agarose gel electrophoresis.

2.3. Polymerase chain reaction (PCR)-
restriction fragment length polymorphism
(RFLP)

PCR reactions were conducted in 25 pL
volumes, including genomic DNA (50-100
ng), PCR 2XTaq Master Mix (12.5 pL)
(Hibrigen, Hydra Biotechnology, Tiirkiye),
primers (4 pmol each), and water up to 25 pL.
PCR conditions included initial denaturation
(95°C for 5 min), followed by cycles of
denaturation (94°C for 30 sec), annealing
(64°C for 45 sec), extension (72°C for 45 sec),
and final extension (72°C for 7 min) Kyratec
SC300G thermal cycler (Kyratec, Queensland,
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Australia). PCR products of exon Il region of
MTNR1A gene were visualized on a 2%
agarose gel stained with SYBR Safe under UV

light. Primer pair used for PCR amplification
was given in Table 1.

Table 1. Primers and PCR product size

Gene Region Primers (5°23) Product size (bp) Reference
F: TGTGTTTGTGGTGAGCCTGG Messer et al.,
MTNR1A Exon I 824
R: ATGGAGAGGGTTTGCGTTTA (1997)

824 bp

Figure 1. Lines 1-10 show 824 bp PCR products of exon Il region of MTNR1A gene. M: 100 bp DNA
ladder

MTNRZ1A genotypes were identified using
the restriction fragment length polymorphism
(RFLP) method. RFLP reactions were
performed in 25 pL; PCR products (10 pL),
Rsal restriction enzyme (10 units) (NEB, UK),
10X rCutSmart buffer (2.5 pL) (NEB, UK),
and water up to 25 uL. Fragment analysis was
carried out on a 4% agarose gel stained with
SYBR Safe under UV light using a gel imaging
system (Gene-Box, ER Biotech, Tiirkiye).

2.4. Statistical analysis

Statistical analyses were conducted using
Minitab® 16 software. Allele and genotype
frequencies of MTNRZ1A gene were calculated
by direct counting method. Hardy-Weinberg

equilibrium for MTNR1A genotypes and
alleles was evaluated using the Chi-square test.

3. Results

Result for PCR reaction is shown in Figure
1. Following RFLP reaction, genotype
discrimination was performed based on
fragment size on the agarose gel.

In the study, RR, Rr, and rr genotypes were
identified in exon Il region of MTNR1A gene
(Figure 2). Observed genotype frequencies for
RR, Rr, and rr were 0.69, 0.27, and 0.04,
respectively. Regarding genotypes, R and r
allele frequencies were 0.82 and 0.18,
respectively. Allele distribution of MTNR1A
gene was in HWE (p>0.05) (Table 2).
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Figure 2. PCR-RFLP restriction pattern of exon Il region of MTNR1A gene for Rsal enzyme. Three
genotypes: RR (411 bp, 267 bp, 67 bp, and 56 bp), Rr (411 bp, 290 bp, 267 bp, 67 bp, and 56 bp), and
rr (411 bp, 290 bp, 67 bp, and 56 bp) were detected. The smallest fragments (23 bp) of RR and Rr
genotypes are not visible on the agarose gel. M: 100 bp DNA ladder

Table 2. Allele and genotype frequencies exon Il region of MTNR1A gene

Allele Frequency Genotypes (Observed)
MTNRI1A n R allele r allele RR Rr rr Ho He p-value
102 0.82 0.18 70 28 4 0.274 0.290 >0.05NS

NS: Non-significant, Ho: Observed heterozygosity, He: Expected heterozygosity

4. Discussion

In this study, it was detected polymorphism
in exon Il of MTNR1A gene in Cross-bred
Hamdani sheep. In the study, we have detected
RR, Rrand rr genotypes. Allele frequencies for
R and r alleles were 0.82 and 0.18,
respectively. Allele frequencies for MTNR1A
gene were in HWE equilibrium. In Kurdi
sheep, Varanlou et al. (2017) detected R and r
allele frequency 0.49 and 0.51, respectively. In
another study, Saxena et al., (2015) detected
polymorphism at the same point in MTNR1A
gene in different Indian sheep breeds. They
reported R and r allele frequency as 0.93 and
0.07 in Malpura breed; 0.72 and 0.18 in
Patanwadi breed; 0.46 and 0.54 in Sandyno
breed and 0.56 and 0.44 in Nilgiri breed.
However, Vibha et al., (2018) reported that
MTNR1A gene exhibits a monomorphic
restriction pattern for Rsal in Suwarna and
Mandya sheep breeds. On the other hand,
Luridiana et al., (2016) also reported that 824
bp amplicons of exon Il region of MTNR1A
gene show polymorphic patterns for Rsal.
Arjoune et al., (2023) found to be polymorphic
MTNRZ1A gene in two different Mediterranean

sheep breeds. They reported R and r allele
frequency as 0.37 and 0.63 in Barbarine sheep,
and 0.67 and 0.33 in Queue Fine de I’Ouest
sheep. Similarly, Fathy et al., (2018) detected
polymorphism in MTNRZ1A gene in different
sheep breeds raised in Egypt. The findings of
this study were consistent with previous
studies in different breeds.

This polymorphism was also investigated in
Native Turkish sheep breeds. Avanus and
Altinel (2016) detected polymorphism in
MTNRIA gene for this SNP in Kivircik ewes.
They reported R and r allele frequencies as
0.68 and 0.32, respectively. In another study
Elmaci et al., (2013) detected R and r allele
frequency as 0.73 and 0.27 in Turkish Awassi,
0.60 and 0.40 in Dagli¢, 0.64 and 0.36 in
Akkaraman, and 0.41 and 0.58 in Sakiz sheep
breeds. However, Seker et al., (2011) reported
as monomorphic for this SNP in Turkish
Awassi, Akkaraman and Sakiz sheep breeds.
Our findings show that R allele frequency is
higher than in r allele frequency consistent
with previous studies conducted in native
sheep breeds of Tiirkiye.
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Comprehensive studies revealed that there
were many polymorhism in MTNR1A gene.
Cosso et al, (2021) reported new
polymorphisms in promoter, exon I, intron I,
exon |1, and 3°’UTR regions of MTNR1A gene
in Awassi sheep. Similarly, Mura et al., (2022)
and Arjoune et al., (2023) reported new
polymorphisms in MTNR1A gene in sheep.
Furthermore, these studies also indicate that
MTNRZ1A gene polymorphisms are related to
fertility rate, days from ram introduction to
lambing (DRIL) (Mura et al., 2022), litter size,
lambing rate, days to lambing (Cosso et al.,
2021; Pulinas et al., 2022; Arjoune et al.,
2023). According to our acknowledgement,
this is the first report showing MTNR1A gene
polymorphism in cross-bred Hamdani sheep.
A preliminary study implies that fertility may
be affected due to individual differences
between ewes in cross-bred Hamdani ewes
(Turgut and Koca, 2024). Considering the
results of previous studies in different sheep
breeds, our findings in this study may be
valuable in detection of genetic markers for
selection programs in cross-bred Hamdani
sheep.

5. Conclusions

In conclusion, we detected polymorphism
in exon Il region of MTNRZ1A gene in cross-
bred Hamdani sheep in this study. Due to the
effect of MTNR1A gene polymorphisms on
reproductive parameters in sheep, further
research investigating association between
MTNR1A genotypes and reproductive traits
should be carried out in cross-bred Hamdani
sheep.

Declaration of Author Contributions

Idea / Concept: Ali Osman TURGUT,
Davut KOCA, Data Collecting and / or
Processing: Ali Osman TURGUT, Davut
KOCA, Analysis and / or Interpretation: Ali
Osman TURGUT, Writing the Article: Ali
Osman TURGUT, Davut KOCA

Declaration of Conflicts of Interest

All authors declare that there is no conflict
of interest related to this article.

Ethical Committee Approval

This study was conducted with the
permission of Siirt  University Animal
Experiments Local Ethics Committee with the
number 2023/07/51.

Acknowledgement

The authors thank Assoc. Prof. Dr. Burgak
ASLAN CELIK and Assoc. Prof. Dr. Ozgiil
GULAYDIN for technical support in this
study.

References

Antonopoulou, D., Giantsis, I.A., Symeon, G.
K., Avdi, M., 2023. Association of
MTNRZ1A and GDF9 gene allelles with the
reproductive performance, response to
oestrus  induction  treatments  and
prolificacy, in improved and non-improved
local indigenous sheep
breeds. Reproduction in Domestic
Animals, 58(11): 1532-1541.

Arjoune, A., Alsaleh, A.B., Messaoudi, S.A.,
Chelbi, H., Jelassi, R., Assidi, M., Najar, T.,
Haddad, B., Sirard, M.A., 2023. Analysis of
MTNRZ1A genetic polymorphisms and their
association ~ with  the  reproductive
performance parameters in two
Mediterranean sheep
breeds. Animals, 13(3): 448,1-13.

Avanus, K., Altinel, A., 2016. Identification of
genetic variation of melatonin receptor 1a
(mtnrla) gene in kivircik breed ewes by
mnli and rsai restriction enzymes. Kafkas

Universitesi Veteriner Fakiiltesi
Dergisi, 22(4): 571-576.

Bakir, G., Mikail, N., 2019. Siirt ilindeki
kiigiikbas hayvancilik isletmelerinin yapisal
durumu. Atatiirk  Universitesi ~ Ziraat
Fakiiltesi Dergisi, 50(1): 66-74.

Barig, M., Celikyiirek, H., 2023. Van ili

koyunculuk  isletmelerinde  kullanilan
teknolojilerin tespiti. Journal of Anatolian
Environmental and Animal

Sciences, 8(4):576-589.

131



Turgut and Koca

Chemineau, P., Bodin, L., Migaud, M., Thiery,
J. C., Malpaux, B., 2010. Neuroendocrine
and genetic control of seasonal
reproduction in sheep and goats.
Reproduction in Domestic Animals =
Zuchthygiene, 45(Suppl 3): 42-49.

Cosso, G., Nehme, M., Luridiana, S., 2021.
Detection of polymorphisms in the mtnrla
gene and their association with reproductive
performance in awassi ewes. Animals.
11(2): 1-11.

Dogan, H., Kutlu, M., 2022. Ureme Sezonu
Disinda Kisa Siireli Progestagen ve PMSG
ile  senkronize  edilen  koyunlarda
immunmodiilatér  kullaniommin  vaginal
akint1 skoru ve konsepsiyon orani iizerine
etkisi. Firat Universitesi Saghk Bilimleri
Veteriner Dergisi, 36(3): 196-199.

Elmaci, C., Sahin, S., Oner, Y., 2013.
Distribution of different alleles of
aromatase cytochrome P450 (CYP19) and
melatonin receptor 1A (MTRN1A) genes
among native Turkish sheep breeds. Kafkas
Universitesi Veteriner Fakiiltesi

Dergisi, 19(6): 929-933.

Fathy, H.A., Gouda, E.M., Gafer, J.A., Galal,
M.K., Nowier, A.M., 2018. Genetic
polymorphism in melatonin receptor 1A
and arylalkylamine N-acetyltransferase and
its impact on seasonal reproduction in
Egyptian sheep breeds. Archives Animal
Breeding, 61(4): 505-516.

Findik, M., 2017. Kiiciik ruminantlarda
reprodiiktif — silirli  yonetimi.  Tiirkiye
Klinikleri Journal Veterinary Science

Obstetion Gynecol-Special Topics, 3: 96-
98.

Kan, M., Giilgubuk, B., Kan, A., Kiiciikcongar,
M., 2010. Cografi isaret olarak karaman
divle tulum peyniri. Karamanoglu
Mehmetbey — Universitesi ~ Sosyal — ve
Ekonomik Arastirmalar Dergisi, 2010(2):
15-23.

Karadas, K., 2018. Koyunculuk isletmelerinin
sosyo-ckonomik  durumu Hakkari ili
ornegi. Atatiirk Universitesi Ziraat
Fakiiltesi Dergisi, 49(1): 29-35.

Luridiana, S., Cosso, G., Pulinas, L., Di
Stefano, M.V., Curone, G., Carcangiu, V.,
Mura, M.C., 2020. New polymorphisms at
MTNRZ1A gene and their association with
reproductive resumption in sarda breed
sheep. Theriogenology, 158: 438-444.

Luridiana, S., Mura, M.C., Daga, C., Cosso,
G., Bodano, S., Farci, F., Zidda, F.,
Carcangiu, V., 2016. Influences of
melatonin treatment, melatonin receptor 1A
(MTNR1A) and kisspeptin (KiSS-1) gene
polymorphisms on first conception in Sarda
ewe lambs. Reproduction, Fertility and
Development, 28(6): 750-756.

Martinez-Royo, A., Lahoz, B., Alabart, J.L.,
Folch, J, Calvo, J.H., 2012.
Characterisation of the melatonin receptor
1A (MTNR1A) gene in the Rasa Aragonesa
sheep breed: association with reproductive
seasonality. Animal Reproduction
Science, 133(3-4): 169-175.

Messer, L.A., Wang, L., Tuggle, C.K., Yerle,
M., Chardon, P., Pomp, D., Womack, J.E.,
Barendse, W., Crawford, A.M., Notter,
D.R., Rothschild, M.F., 1997. Mapping of
the melatonin receptor la (MTNR1A) gene
in pigs, sheep, and cattle. Mammalian
Genome, 8: 368-370.

Mura, M.C., Cosso, G., Pulinas, L., Carcangiu,
V., Luridiana, S., 2022. Reproductive
resumption in winter and spring related to
MTNR1A gene polymorphisms in sarda
sheep. Animals, 12(21): 2947.

Pulinas, L., Stari¢, J., Cosso, G., Curone, G.,
Mura, M.C., Carcangiu, V., Luridiana, S.,
2022. MTNR1A gene polymorphisms and
reproductive  recovery after seasonal
anoestrus in different Mediterranean sheep
breeds. Animal Reproduction Science, 236:
106905.

Saxena, V.K., B.K., Meena, A.S., Nagvi,
S.M.K., 2015. Characterization  of
MTNR1A gene in terms of genetic
variability in a panel of subtemperate and
subtropical Indian sheep breeds. Journal of
Genetics, 94: 715-721.

132



Turgut and Koca

Seker, 1., Ozmen, O., Ertugrul, O., 2011.
Polymorphism in melatonin receptor 1A
(MTRNZ1A) gene in Chios, White Karaman
and  Awassi  sheep  breeds. Kafkas

Universitesi Veteriner Fakiiltesi
Dergisi, 17(5): 865-868.

Stari¢, J., Farci, F., Luridiana, S., Mura, M. C.,
Pulinas, L., Cosso, G., Carcangiu, V., 2020.
Reproductive  performance in three
Slovenian sheep breeds with different
alleles for the MTNR1A gene. Animal
Reproduction Science, 216: 106352.

Tamer, B., Sari6zkan, S., 2017. Yozgat merkez
ilcede koyunculuk yapan isletmelerin
sosyo-ekonomik  yapist  ve  iiretim
maliyetleri. Erciyes Universitesi Veteriner
Fakiiltesi Dergisi, 14(1): 39-47.

TUIK, 2023. Hayvansal Uretim Tstatistikleri.
(https://data.tuik.gov.tr/Bulten/Index?p=Ha
yvansal-Uretim-Istatistikleri-2023-49681),
(Erisim Tarihi: 08.06.2023)

Turgut, A.O., Giilendag, E., Koca, D., Uner,
S., 2023. Milk composition traits of

hamdani crossbreed sheep raised under
extensive management. ISPEC Journal of
Agricultural Sciences, 7(2): 271-279.

Turgut, A.O., Koca, D., 2024. Serum anti-
miillerian hormone levels during estrus and
diestrus phases of the estrous cycle and its
possible effect on fertility in cross-bred
hamdani sheep. Pakistan Veterinary
Journal.

Varanlou, D., Hassani, S., Ahani Azari, M.,
Samadi, F., Zakizadeh, S., Khan Ahmadi,
A.R., 2017. Association between MTNR1A
and CYP19 genes polymorphisms and
economic traits in kurdi sheep. Iranian
Journal of Applied Animal Science, 7(1):
69-74.

Vibha, C.R., Ramakrishnappa, N., Naveen,
G.S., Jayashree, R., Ravindranathe, B.M.,
2018. MTNR-1A gene polymorphism in
two tropical sheep breeds of South
India. Indian  Journal of Veterinary
Sciences & Biotechnology, 14(2): 44-48.

Turgut, A.O., Koca, D., 2024. Melatonin Receptor 1A (MTNR1A) Gene

To Cite

Polymorphism in Cross-Bred Hamdani Sheep: A Preliminary Study. ISPEC
Journal of Agricultural Sciences, 8(1): 127-133.

DOI: https://doi.org/10.5281/zenodo.10815493.

133


https://data.tuik.gov.tr/Bulten/Index?p=Hayvansal-Uretim-Istatistikleri-2023-49681
https://data.tuik.gov.tr/Bulten/Index?p=Hayvansal-Uretim-Istatistikleri-2023-49681

