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MELATONIN AND CONTROL OF REPRODUCTIVE SEASONALITY
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I N T RO D U C T I O N

Decrease in sperm

quality

Decrease in testicular 

weight and volume

Reduction in sexual 

behavior

Changes in the seminal 

plasma composition

MELATONIN AND CONTROL OF REPRODUCTIVE SEASONALITY

IN NON-REPRODUCTIVE 

SEASON
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MELATONIN LEVELS IN RAM SEMINAL PLASMA



I N T RO D U C T I O N

Reproductive seasonality is a limiting factor that affects the productive potential of 

most sheep breeds

MELATONIN AND CONTROL OF REPRODUCTIVE SEASONALITY
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Melatonin implants

MELATONIN AND CONTROL OF REPRODUCTIVE SEASONALITY

Management of light/dark

cycles

Melatonin



I N T RO D U C T I O N

Melatonin implants Diet rich in phytomelatonin
Increase melatonin

levels in seminal plasma

Improve sperm viability

and morphology

Protect sperm against

oxidative damage

MELATONIN AND CONTROL OF REPRODUCTIVE SEASONALITY



1. Directly passing through the cell membrane

I N T RO D U C T I O N

MECHANISMS OF ACTION OF MELATONIN
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2. Through its binding to specific membrane receptors

MECHANISMS OF ACTION OF MELATONIN
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MT1

MT2

Identification of melatonin MT1 and MT2 receptors in ram spermatozoa

I N T RO D U C T I O N

MELATONIN MEMBRANE RECEPTORS
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MELATONIN MEMBRANE RECEPTORS

MT1 MT2 

schematic representation

3-dimensional representation

G-protein-coupled receptors 
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THE MT1 RECEPTOR GENE (MTNR1A)

chromosome 26 (Ovis aries)

(MTNR1A)

(Messer et al. 1997) 

RsaI (g.17355458 C>T) MnlI (g. 17355452 G>A)

POLYMORPHIC SITES 

I N T RO D U C T I O N

GENOTYPES



considering that female sheep have different seasonal anestrus lengths 

RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND REPRODUCTION IN EWES

different responses to 

melatonin treatments

(Luridiana et al., 2016)

shorter anoestric period

(Pelletier et al.,2000)

(Chu et al, 2006)

(Carcangiu et al., 2009)

higher number of 

complete cycles per year  

(Calvo et al., 2018)

lower number of days between the introduction of 

the males in the flock and the parturition

   (Mura et al., 2019)

higher fertility rates
(Mura et al., 2019)

 

I N T RO D U C T I O N



considering that female sheep have different seasonal anestrus lengths 

IN EWES IN RAMS???

RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS 
AND REPRODUCTION IN OVINE 

OBJECTIVE:  TO STUDY THE INFLUENCE OF MTNR1A

POLYMORPHISMS ON RAM REPRODUCTION 

O B J E C T I V E



the TT genotype

1. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND REPRODUCTIVE

SEASONALITY IN RAMS?

R E S U LT S

Rasa Aragonesa rams



the TT genotype

1. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND REPRODUCTIVE

SEASONALITY IN RAMS?

24 Rasa Aragonesa ram lambs born in autumn

R E S U LT S

Genotyping
DNA 

extraction
DNA 

amplification
(STAB VIDA (Portugal))

Created in BioRender.com

Primers based on Calvo et al. (2018)

Time of their first mating in spring

(artificial vagina)

RsaI MnlI 

RsaI MnlI 



RsaI polymorphism

▲C/C

Δ G/G

■ C/T

● T/T 

□ A/G 

○ A/A 

Distribution (%) of the first mating by rams with an estrus-synchronized ewe, ejaculating into an artificial vagina

RsaI polymorphism

MnlI polymorphism

1. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND REPRODUCTIVE

SEASONALITY IN RAMS?

R E S U LT S

INFLUENCE OF MTNR1A POLYMORPHISMS ON REPRODUCTIVE BEHAVIOUR IN LAMB RAMS



RsaI polymorphism

1. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND REPRODUCTIVE

SEASONALITY IN RAMS?

18 adult Rasa Aragonesa rams (>2.5 year-old) 

R E S U LT S

Genotyping
DNA 

extraction

DNA 

amplification
(STAB VIDA (Portugal))

Created in BioRender.com

sexual activity

testicular volume

scrotal circumference

plasma testosterone concentrations

IN SPRING



RsaI polymorphism

Proportion (%) of signs of sexual activity in a 20-min individual serving capacity test (18 adult rams)

INFLUENCE OF MTNR1A POLYMORPHISMS ON REPRODUCTIVE BEHAVIOUR IN ADULT RAMS

RsaI polymorphism MnlI polymorphism

R E S U LT S

1. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND REPRODUCTIVE

SEASONALITY IN RAM?

c

IN SPRING



RsaI polymorphism

Proportion (%) of signs of sexual activity in a 20-min individual serving capacity test (18 adult rams)

INFLUENCE OF MTNR1A POLYMORPHISMS ON REPRODUCTIVE BEHAVIOUR IN ADULT RAMS

RsaI polymorphism MnlI polymorphism

R E S U LT S

1. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND REPRODUCTIVE

SEASONALITY IN RAM?

sexual activity

testicular volume

scrotal circumference

plasma testosterone 

concentrations

IN SPRING



the TT genotype

Rasa Aragonesa ram lambs 

born in autumn that carry

TT genotype

(RsaI polimorphism)
GG genotype

(MnlI polimorphism)

have a greater ability to 

reproduce in their first spring

Rasa Aragonesa adult rams

that carry

TT genotype

(RsaI polimorphism)
GG genotype

(MnlI polimorphism)

exhibit a more intense reproductive behaviour

(serving capacity test in spring)

1. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND REPRODUCTIVE

SEASONALITY IN RAM?

R E S U LT S



considering that female sheep have different seasonal anestrus lengths 

IN EWES IN RAMS

RELATIONSHIP BETWEEN MTNR1A
POLYMORPHISMS AND REPRODUCTION IN 

OVINE 

TT and GG genotypes seems to be related to a less marked

reproductive seasonality in both genders

TT and GG:  % ovarian cyclicity

throughout the year 

R E S U LT S



considering that female sheep have different seasonal anestrus lengths 

IN EWES IN RAMS

RELATIONSHIP BETWEEN MTNR1A
POLYMORPHISMS AND REPRODUCTION IN 

OVINE 

Are these genotypes of rams influencing the fertility results?

TT and GG:  % ovarian cyclicity

throughout the year 

R E S U LT S



To evaluate the effect of 

the polymorphisms of the 

MNTR1A gene of rams on 

the fertility of the ewes 

after artificial insemination

AIM:



and viable with no PS inversion spermatozoa in samples from TT rams

Created in BioRender.com

2. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND FERTILITY AFTER AI?

R E S U LT S

Rams used in the artificial 

insemination (AI) 

program of the Rasa 

Aragonesa breed 

Genotyping
DNA 

extraction
DNA 

amplification
(STAB VIDA (Portugal))

Primers based on Calvo et al. (2018)

RsaI MnlI 

26 rams were genotyped



and viable with no PS inversion spermatozoa in samples from TT rams

Fertility rate (pregnant or not)

for the Mnll polymorphism

• GG (n=13; 2,200 AI)

• GA (n=10; 1,606 AI)

• AA (n=3; 526 AI)

for the Rsal polymorphism

• CC (n=19; 2,127 AI)

• CT (n=6; 832 AI)

• TT (n=7; 1,373 AI) AI of 4,332 ewes (45  farms) 

¿? ¿?

Rams used in the artificial 

insemination (AI) 

program of the Rasa 

Aragonesa breed 

26 rams were genotyped

2. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND FERTILITY AFTER AI?

R E S U LT S



and viable with no PS inversion spermatozoa in samples from TT rams

CC rams: 63%

CT rams: 64%

FERTILITY RESULTS OBTAINED FROM RAMS WITH DIFFERENT MTNR1A POLYMORPHISMS

TT rams: 60%

(P<0.05)

GA rams: 67% AA rams: 55%
(P<0.001)

GG rams: 61%
(P<0.001)

Considering season:

CC rams: 66%

CT rams: 68%
TT rams: 62%

(P<0.05)

For the Mnll polymorphism:

GA rams: 70% AA rams: 55%
(P<0.001)

GG rams: 64%
(P<0.001)

For the Rsal polymorphism: Reproductive season

Non reproductive season: NO significant differences

2. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND FERTILITY AFTER AI?

R E S U LT S

For the Rsal polymorphism: For the Mnll polymorphism:

TT rams led to a lower fertility rate than CC and CT AA rams led to a lower fertility rate than GA and GG



Carrying one or another 

genotype of the MTNR1A 

gene by rams seems to 

influence the fertility rate 

of ewes after AI, 

specifically during the 

reproductive season

Were these 

observed 

differences due 

to differences in 

seminal quality? 

IN CONCLUSION



Study of the influence 

of MNTR1A 

polymorphisms on 

sperm quality

OBJECTIVE:

Eighteen Rasa Aragonesa rams of proven fertility 



Weekly semen collection

18 Rasa Aragonesa rams of

proven fertility

(AI program in farms)

Once a month throughout a 

whole year 

(from September to August) 

EXPERIMENTAL DESIGN 

Refrigerated

samples

once a month

R E S U LT S

3. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND SPERM QUALITY?

Semen analysis



Weekly semen collection

18 Rasa Aragonesa rams of

proven fertility

(AI program in farms)

Semen analysis

Motility (CASA system)

DNA fragmentation (TUNEL assay)

Flow cytometry

Created in BioRender.com

RS: Reproductive season

NRS: Non Reproductive season

Once a month throughout a 
whole year 
(from September to August) 

EXPERIMENTAL DESIGN 

Capacitation status 

(chlortetracycline staining)
Morphology

(eosin/nigrosine staining)

Refrigerated

samples

once a month

R E S U LT S

3. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND SPERM QUALITY?

Viability (membrane integrity)

Oxidative damage (ROS levels)

Phosphatidylserine (PS)                                                                                                  

translocation (annexin binding)



RS: Reproductive season

NRS: Non-Reproductive season

EFFECT OF RsaI POLYMORPHISM 

ON SPERM QUALITY

R E S U LT S

3. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND SPERM QUALITY?



and viable with no PS inversion spermatozoa in samples from TT rams

CC rams: 63%

CT rams: 64%

FERTILITY RESULTS OBTAINED FROM RAMS WITH DIFFERENT MTNR1A POLYMORPHISMS

TT rams: 60%

(P<0.05)

GA rams: 67%

AA rams led to a lower fertility rate than GA and GG

AA rams: 55%
(P<0.001)

GG rams: 61%
(P<0.001)

Considering season:

CC rams: 66%

CT rams: 68%
TT rams: 62%

(P<0.05)

For the Mnll polymorphism:

GA rams: 70% AA rams: 55%
(P<0.001)

GG rams: 64%
(P<0.001)

For the Rsal polymorphism: Reproductive season

Non reproductive season: NO significant differences

2. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND FERTILITY AFTER AI?

R E S U LT S

For the Rsal polymorphism: For the Mnll polymorphism:

TT rams led to a lower fertility rate than CC and CT



RS: Reproductive season

NRS: Non-Reproductive season

Non significant

differences

R E S U LT S

3. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND SPERM QUALITY?

EFFECT OF RsaI POLYMORPHISM 

ON SPERM QUALITY



and viable with no PS inversion spermatozoa in samples from TT rams

CC rams: 63%

CT rams: 64%

FERTILITY RESULTS OBTAINED FROM RAMS WITH DIFFERENT MTNR1A POLYMORPHISMS

TT rams: 60%

(P<0.05)

GA rams: 67%

AA rams led to a lower fertility rate than GA and GG

AA rams: 55%
(P<0.001)

GG rams: 61%
(P<0.001)

Considering season:

CC rams: 66%

CT rams: 68%
TT rams: 62%

(P<0.05)

For the Mnll polymorphism:

GA rams: 70% AA rams: 55%
(P<0.001)

GG rams: 64%
(P<0.001)

For the Rsal polymorphism: Reproductive season

Non reproductive season: NO significant differences

2. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND FERTILITY AFTER AI?

R E S U LT S

For the Rsal polymorphism: For the Mnll polymorphism:

TT rams led to a lower fertility rate than CC and CT
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EFFECT OF MnlI POLYMORPHISM 

ON SPERM QUALITY

RS: Reproductive season

NRS: Non-Reproductive 

season

R E S U LT S

3. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND SPERM QUALITY?



and viable with no PS inversion spermatozoa in samples from TT rams

CC rams: 63%

CT rams: 64%

FERTILITY RESULTS OBTAINED FROM RAMS WITH DIFFERENT MTNR1A POLYMORPHISMS

TT rams led to a lower fertility rate than CC and CT

TT rams: 60%

(P<0.05)

GA rams: 67%

AA rams led to a lower fertility rate than GA and GG

AA rams: 55%
(P<0.001)

GG rams: 61%
(P<0.001)

Considering season:

CC rams: 66%

CT rams: 68%
TT rams: 62%

(P<0.05)

For the Mnll polymorphism:

GA rams: 70% AA rams: 55%
(P<0.001)

GG rams: 64%
(P<0.001)

For the Rsal polymorphism: Reproductive season

Non reproductive season: NO significant differences

2. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND FERTILITY AFTER AI?

R E S U LT S

For the Rsal polymorphism: For the Mnll polymorphism:



Parameter Mixed ANOVA results

RsaI MnlI Season RsaI*season MnlI*season RsaI*MnlI RsaI*MnlI*season

Total motility P = 0.002 ns P = 0.041 ns ns P = 0.018 ns

Progressive motility ns ns P = 0.036 ns ns ns ns

Membrane integrity (viability) P < 0.001 P < 0.001 P = 0.030 ns ns P = 0.008 ns

Viable sperm with low ROS 

levels P < 0.001 P < 0.001 P = 0.019 ns ns P = 0.010 ns

Viable sperm without 

phosphatidylserine (PS) 

translocation
P < 0.001 P < 0.001 ns ns ns

ns

(P=0.062)
ns

Non-capacitated sperm ns ns P = 0.001 ns ns ns ns

Capacitated sperm ns ns P = 0.001 ns ns ns ns

Acrosome reacted sperm ns ns ns ns ns ns ns

DNA intact sperm P = 0.048 ns P < 0.001 ns ns ns ns

Normal morphology ns ns ns ns ns ns ns

R E S U LT S

3. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND SPERM QUALITY?



Genotypes of the 18 rams used according to RsaI and MnlI polymorphisms

RsaI polymorphism

C/C C/T T/T Total

MnlI

polymorphism

G/G

1

(5.6 %)

2

(11.1 %)

4

(22.2 %)

7

(38.9 %)

G/A

4

(22.2 %)

3

(16.7 %)

0

(0.0 %)

7

(38.9 %)

A/A

4

(22.2 %)

0

(0.0 %)

0

(0.0 %)

4

(22.2 %)

Total

9

(50 %)

5

(27.8 %)

4

(22.2 %)

18

Allele frequency

G = 0.58 A = 0.41

C = 0.63 T = 0.36

Allele frequency

R E S U LT S

3. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND SPERM QUALITY?



RsaI polymorphism

RsaI polymorphism

C/C C/T T/T Total

G/G

6

(25.0 %)

1

(4.1 %)

2

(8.3 %)

9

(37.5 %)

G/A

10

(41.67 %)

4

(16.6 %)

0

(0.0 %)

14

(58.3 %)

A/A
1

(4.1 %)

0

(0.0 %)

0

(0.0 %)

1

(4.1 %)

Total

17

(50 %)

5

(27.8 %)

2

(22.2 %)

24

Genotypes of the 24 Rasa Aragonesa lambs used according to RsaI and MnlI polymorphisms

MnlI

polymorphism

R E S U LT S

1. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND REPRODUCTIVE

SEASONALITY IN RAMS?



Percentages of genotypes according to RsaI and MnlI polymorphisms in a screening with 158 lambs 

RsaI polymorphism (%)

C/C C/T T/T Total

MnlI

polymorphism

(%)

G/G 15.18 25.31 10.75 51.26

G/A 18.98 18.98 0 37.97

A/A 10.75 0 0 10.75

Total 44.93 44.30 10.75 100

COMPARISON OF THE PERCENTAGES OF GENOTYPES WITH OTHER STUDIES IN RASA ARAGONESA RAMS

Poor reproductive 

performance?

Effect on embryo or

neonatal survival?

R E S U LT S
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EFFECT OF COMBINATION OF BOTH POLYMORPHISMS ON SPERM QUALITY

RS NRS NRS NRSRS RS

R E S U LT S

3. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND SPERM QUALITY?
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3. IS THERE ANY RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND SPERM QUALITY?

EFFECT OF COMBINATION OF BOTH POLYMORPHISMS ON SPERM QUALITY

RS RS RS



TT rams for RsaI and AA for 
MnlI polymorphisms 

presented lower seminal 
quality, particularly during 
the reproductive season

Mutations in the MT1 
receptor gene in rams could 
reduce their seminal quality

IN CONCLUSION



considering that female sheep have different seasonal anestrus lengths and responses to melatonin 

treatments depending on their MTNR1A gene

g.17355358 C>T

Val-Ile

g.17354971 G>A

Arg-Cys

Created in BioRender.com

RsaI (g.17355458 C>T) MnlI (g. 17355452 G>A)

SILENT MUTATIONS: no changes in the amino acid sequence of the protein

(Carcangiu et al., 2009)

IT IS IMPORTANT TO HIGHLIGHT THAT…

LINKAGE DISEQUILIBRIUM

(Calvo et al., 2018)
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CORRECT AND RATIONAL USE 

OF ANIMALS IN FARMING



considering that female sheep have different seasonal anestrus lengths and responses to melatonin 

treatments depending on their MTNR1A gene

THANKS TO:

RESEARCH TEAM:

- Alfonso Abecia

- Francisco Canto

- Melissa Carvajal-Serna
- Adriana Casao

- Agustí Noya
- Victoria Peña-Delgado
- Rosaura Pérez-Pe
(rosperez@unizar.es)

Grant PID2020-113239RB-I00 
Centro de Transferencia 
Agroalimentaria (CTA)

- Vincenzo Carcangiu

- María Consuelo Mura
(Dipartimento di Medicina Veterinaria 

dell'Università degli Studi di Sassari, 

Italy)



THANK YOU!


	Diapositiva 1: The melatonin receptor MT1 in rams as a tool to improve reproductive parameters of the sheep flock
	Diapositiva 2
	Diapositiva 3: introduction
	Diapositiva 4: introduction
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20: RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND REPRODUCTION IN ovine 
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28: RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND REPRODUCTION IN ovine 
	Diapositiva 29: RELATIONSHIP BETWEEN MTNR1A POLYMORPHISMS AND REPRODUCTION IN ovine 
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32
	Diapositiva 33
	Diapositiva 34
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37
	Diapositiva 38
	Diapositiva 39
	Diapositiva 40
	Diapositiva 41
	Diapositiva 42
	Diapositiva 43
	Diapositiva 44
	Diapositiva 45
	Diapositiva 46
	Diapositiva 47
	Diapositiva 48
	Diapositiva 49
	Diapositiva 50
	Diapositiva 51
	Diapositiva 52
	Diapositiva 53
	Diapositiva 54: the genotyping of RAMS based on melatonin receptor 1 gene polymorphisms could be a useful tool FOR a more correct and rational use of animals in farming 
	Diapositiva 55
	Diapositiva 56: THANK YOU!

