
Introduction

Egyptian sheep are farmed for their meat, wool, and milk
(Elshazly and Youngs, 2019). Barki ewes are bred in the north-
ern coast and desert areas of Egypt. Ossimi ewes are raised in
the south Delta and central Egypt. Rahmani ewes are raised
in the central and northern delta (Elshazly and Youngs, 2019).
These three main breeds are adapted to their environment
and famed for high fertility but low prolificacy (Gabr et al.,
2016). All these breeds possess fat tail. Barki ewes are consid-
ered the smallest breed in size with lighter fleece color,
whereas Rahmani owns the largest size, and dark brown fleece
color (Elshazly and Youngs, 2019).

The bone morphogenetic protein-15 (BMP15) gene con-
trols fertility that exists on the X chromosome (FecX) in sheep
(Davis, 2005; Demars et al., 2013). The mutation in the BMP15
gene FecX[R] allele of the low-prolific Rasa Aragonesa
Mediterranean ewes increased prolificacy when they got the
heterozygous polymorphism and became sterile when that
had the homozygotes polymorphism (Lahoz et al., 2011,

2014). Both FecXGR and FecXO mutations of the BMP15 ho-
mozygotes demonates in high prolific animals (Wilson et al.,
2001; Vacca et al., 2010; Ahlawat et al., 2015). 

Growth Differentiation Factor-9 (GDF9) gene is localized
on chromosome-5 [FecG] (Liao et al., 2004) and has three phe-
notypes including the high fertility (FecGH), Embrapa (FecGE),
and G1 (FecGI; Moradband et al., 2011). Both BMP15 (Kona et
al., 2016) and GDF9 (Kona et al., 2016; Pan et al., 2018) are ex-
pressed in the ovarian tissues and oocytes to synthesize the
BMP15 protein that plays a synergistic role with GDF9 protein,
to control folliculogenesis and ovulation (McMahon et al.,
2008; Qin et al., 2019), in addition to the ovarian functions and
the oocyte maturation (Yan et al., 2001; Juengel and McNatty,
2005; Nagyova et al., 2017). The interactions of BMP15 hor-
mone with various factors are species-dependent, and its gene
polymorphism controls estrogen levels (Peluso et al., 2017).

The ovulation rate as an indicator of prolificacy expresses
several genetic and non-genetic factors (Alabart et al. 2016).
Adequate nutrition is a non-genetic factor. Age and nutritional
levels affected the diameter of the ovulating follicle and the
ovulation rate (Junqueira et al., 2019). Increasing or decreasing
the plane of nutrition during the rearing high prolific Belclare,
Charmoise, Scottish Blackface and their crosses heterozygous
to either FecGH or FecXG mutations influenced body weight but
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Several genes are controlling prolificacy of sheep. The bone morphogenetic protein-15 and growth dif-
ferentiation factor-9 (GDF9) control reproductivity of sheep. This study aimed to explore the diet re-
striction and the polymorphism in the bone morphogenetic protein-15 (BMP15) and growth
differentiation factor-9 (GDF9) genes on ovulation and reproductive hormones in three sheep breeds.
Ovaries of Rahmani ewes (R, n=56), Barki (B, n=56), and Ossimi ewes (O, n=50) were scanned to deter-
mine the preovulatory follicles and ovulation. The harvested sera were used for assaying progesterone,
leptin, insulin-like growth Factor-I, and insulin. Whole blood samples were used for gene analysis using
two PCR primers for amplifying the fragment 141-bp for FecXG site (exon-2) of the BMP15 gene and
139-bp for FecGH locus (exon-1) of the GDF9 gene. The output amplicons were digested (RFLP) with
HinfI and DdeI endonucleases. Results revealed no mutation in the FecXG locus in all breeds. FecGH

showed mutations but not in all breeds. Treated O received half dietary requirements for four weeks
were the youngest (P=0.0001). Barki had the lightest bodyweight (P=0.017). Treated ewes had a higher
(P=0.047) number of large follicles compared to their controls. Treated B and R got larger (P=0.0001)
dominant follicles. The ovulation rate did not vary within the diet treated breeds but was lower than
their control. Control O and R had higher (P=0.0001) ovulation rate, compared to B. Leptin concentra-
tions were low (P=0.047) in treated B and R. The lowest (P=0.031) insulin concentrations were observed
in treated O. In conclusion, the BMP15 loci showed no polymorphism, while the GDF9 loci were poly-
morphic in all breeds and treatments. Nutritional status and age modified ovulation rate in sheep.
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did not affect ovulation rate (Keady and Hanrahan, 2018). 
Three metabolic hormones (leptin, insulin, and insulin-like

growth factor-I) are secreted far away from the gonads but
play vital roles in reproduction. Leptin is an adipocyte hor-
mone that controls energy homeostasis and reproductive
functions (Zieba et al., 2008). It regulates the ovulation rate
and oocyte quality (Towhidi et al., 2007; Scaramuzzi et al.
2011). Leptin and its receptors are present in the sheep
oocytes and granulosa cells (Pisani et al., 2008). Insulin-like
growth factor-I (IGF-1) plays a role in the dominant follicle se-
lection where its concentrations in the follicular fluid IGF-1 de-
pend on its binding proteins (Fortune et al. 2004). It regulates
the growth of small follicles (Mariana et al., 1998). Repotedly,
insulin enhanced the reproductive performance of postpartum
anoestrus sheep (Mann et al., 2003; Ferreira-Silva et al., 2017)
and stimulated greater follicular development (Sarath et al.,
2008).

This research aimed to identify the genetic polymorphism
in the FecXG locus of BMP15 gene and FecGH locus of GDF9
gene for three Egyptian sheep lines (Barki, Ossimi, and Rah-
mani) with normal and reduced nutritional requirements via
PCR-RFLP tool and finding out the influence of the plan nutri-
tion (normal or reduced) on body weight, reproductive per-
formance, and reproductive hormones.

Materials and methods

Animals 

This study was approved by the Institutional Animal Care
and Use Commeette of the National Research Centre (NRC-
17-007) after taking the permission of the research farm of the
Faculty of Agriculture; Cairo University (30.0276°N, 31.2101°E)
was approved for blood sampling and the reproductive ultra-
sound examination. Multiparous Rahmani ewes of average
body weight 37.88±5.81 kg (n =56; 3.36 years), Barki 36.21±
4.77 Kg (n=56; 3.68 years), and Ossimi 38.84± 5.99 kg (n =50;
2.82 years) were maintained under the regular farm feeding
regime (0.25 Kg concentrate feed mixture and 4 Kg Egyptian
clover), per head, according to NRC (1985). Of Rahmai (n =26),
Barki (n =26), and Ossimi (n =25) ewes were fed 50% of their
maintenance diet (Treated) for four weeks (Abo El-Maaty and
Abd El-Gawad, 2014). Ewes (Control and Treated) were kept
under the daylight and temperature and maintained in semi-
shaded pens where clean drinking water is freely accessible.

Blood sampling

Blood samples were collected from the Jugular vein in
plain vacuum tubes for the analysis of hormones. Blood sam-
ples collected with EDTA were used for DNA isolation. Sera
were harvested and stored with the whole blood samples at -
20°C until hormone assaying and DNA extraction.

Ultrasound examination

Ovarian ultrasonography was performed (Abdel-Mageed

and Abo El-Maaty, 2012) using a modification of the large an-
imals' endorectal real-time B-mode linear transducer 8-10
MHz to be handled externally (Scanner 100 SL, Pie Medical,
Netherlands). Ewes were scanned in dorsal recumbence to
avoid the fat tail. Corpora lutea and follicles were counted, and
their diameters were determined at the pre-ovulatory wave
following two submucosal doses of 65 μg Cloprostenol (Es-
trumate each of 1 ml or 250 μg Cloprostenol, Coopers Co.,
England) with 11 days apart. The count of the corpora lutae
and their diameters were assessed seven days later to deter-
mine the ovulation rate. Visible follicles were counted and
grouped respecting diameter into small (≤3 mm), medium
(>3-5 mm), and large (≥5 mm). The number and diameters of
corpora lutea on both ovaries were registered. The ovulation
rates were detected ten days after ram introduction and preg-
nancy diagnosis 30 days later.

Hormonal assay

Serum progesterone (P4) was assayed, via Radioim-
munoassay (RIA). Sensitivity, intra- and inter-assay coefficients
were 0.05ng/ml, 3.6 and 3.9%. Multi-Species leptin RIA Kit
(Linco Research Inc,t. Louis,MO, USA) was utilized where the
limit of sensitivity, intra- and inter-assay coefficients of varia-
tion were 1.0 ng/ml, 2.8, and 8%, respectively. Insulin-like
growth factor-1 (Biosource Europe, Belgium) commercial kit
was used of the minimum detectable concentration, intra- and
inter-assay coefficients of variation 1.10 ng/ml, 4.2%, and
11.5%. Insulin was assayed using a double-antibody, solid-
phase enzyme-linked immunosorbent assay commercial kit
(catalog number E29-072; Immunospec, Canoga Park, CA,
USA) with a limit the assay sensitivity of 2.0 µIU/mL.

DNA isolation 

For every 5 mL of whole blood, the genomic DNA has
been extracted from white blood cells by the salting-out
method and dissolved in TE buffer (Miller et al., 1988). A Nan-
odrop spectrophotometer (Thermo Fisher, USA) was employed
to estimate DNA concentration and quality based on the ab-
sorbance of U.V. light at 260 and 280 nm. then kept at -20°C
till use.

PCR-RFLP genotyping

Polymerase chain reaction (PCR) was performed in a mix-
ture of 20 μl in C1000 Touch™ ThermalCycler (BIO-RAD, USA).
The reaction mixture included 50-100 ng of genomic DNA,150
μMdNTPs, 1.2 mM MgCl2, 2.0mM 10 × buffer, 30ng each for-
ward and reverse primer (Table 1), and one Unit of TaqDNA
polymerase. The PCR reaction protocol got an initial denatu-
ration of 5 min. at 95°C; 30 cycles at 94°C for 45 sec. Annealing
was performed at 58°C for 40 sec. (BMP15) or 60°C for 30 sec.
(GDF-9) that was followed by an extension at 72°C for 45 sec.
The amplicons were visualized in Gel DocTMEZ imager (BIO-
RAD, USA) posterior to electrophoresis through 2% agarose
gel stained with 2% ethidium bromide. Restriction fragment
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Table 1. Primer sequence of candidate gene for prolificacy in Egyptian sheep breeds

Gene Mutation site Primer Sequence (5'-3') PCR annealing 
temperature/ Time Restriction nzyme References

BMP15 58°C/40 Sec.
HinfI

Bahrami et al. (2018)FecXG CACTGTCTTCTTGTTACTGTATTTCAATGAGAC 5ʹ…G↓ANTC…3ʹ
Exon 2 GATGCAATACTGCCTGCTTG 3ʹ…CTNA↓G…5ʹ

GDF-9 60°C/30 Sec.
DdeI

Paz et al. (2014)FecGH CTTTAGTCAGCTGAAGTGGGACAAC 5ʹ…C↓TNAG…3ʹ
Exon 1 ATGGATGATGTTCTGCACCATGGTGTGAACCTGA 3ʹ…GANT↓G…5ʹ



length polymorphism analysis (RFLP) was done by mixing each
10 μl of the PCR products for digestion with 5 units of the fast
restriction enzyme including specific buffer (Fermentas, Ger-
many) specific for each gene (Table 1) in a final reaction vol-
ume of 15 μl. The reaction mixture was incubated at 37°C in a
water bath for 30 minutes. Afterwards, the digested fragments
were separated by electrophoresis and imaged via the gel
documentation system to detect the yielded genotypes.

Statistical analysis

Data are presented as mean± standard error of the mean.
Statistical analysis of the data was performed using IBM SPSS
20.0 software (2016). Data were subjected to simple one-way
ANOVA to determine the effect of the breed and the treat-
ment, and Duncan’s Multiple Range Test was used to differ-
entiate between significant means. The univariate general
linear model (3breeds x 2 treatments) was performed to study
the effect of breeds (Barki, Rahmani, Ossisi), treatment (Con-
trol, nutritionally reduced), and their interaction, and to study
the effect of age and dam body weight and their interactions
on the ovarian and hormonal parameters.

Results

The treated Ossimi ewes were the youngest (P=0.0001),
whereas the Ossimi and Rahmani ewes were heavier than Barki
ewes throughout the study (Table 2). Control Barki had in-
significantly the highest number of small and medium follicles
(P=0.09) that associated with the lowest (P=0.047) number of
large follicles. The reduced nutritional level decreased the total
number of follicles and the small ones of both Rahmani and
Barki ewes (Table 2). Compared to control Ossimi ewes, control
Barki and Rahmani ewes had the lowest diameter of the dom-
inant follicles (P=0.0001). Treated Ossimi and Rahmani ewes

obtained insignificantly low dominant follicle diameters than
Barki ewes. Control Ossimi ewes had the largest corpus luteum
diameter but treated Rahmani ewes had insignificantly the
lowest corpus luteum diameter (Table 3). Treated Rahmani
ewes had the lowest corpus luteum diameter. The low nutri-
tional level decreased the diameter of the dominant follicles
of Ossimi ewes but increased it for Barki and Rahmani ewes
(Table 3). Both control Rahmani and Ossimi ewes had higher
ovulation rate (P=0.0001) than Barki. Lowered nutritional level
decreased (P=0.0001) the ovulation rate of Rahmani and Os-
simi ewes but did not decline those of Barki ewes (Table 3).

Progesterone concentrations of treated Rahmani ewes de-
clined slightly compared to either treated or controls Barki and
treated or controls Ossimi ewes (Table 4). Nutritional treat-
ment decreased (P=0.047) the concentrations of leptin of Barki
and Rahmani ewes with no significant variation between the
three control breeds. Control Barki ewes had the highest
(P=0.031) insulin and tended to have the highest (P=0.09) in-
sulin-like growth factor-I (IGF-1) concentrations. Treated Os-
simi ewes had the lowest insulin, but the control Ossimi
tended to have the lowest IGF-1 (Table 4). Sheep breed influ-
enced the number of small follicles (P=0.051), ovulation rate
(P=0.046), and insulin (P=0.017) concentrations. Nutritional
treatment influenced the ovulation rate ((P=0.0001) with a
tendency to influence the number of medium (P=0.067) and
large (P=0.095) follicles. Both breed and nutritional treatment
interactions tended to affect the diameter of the large follicle
(P=0.088) and the ovulation rate (P=0.082). The age of the ewe
affected the number of the small follicles (P=0.048), the diam-
eter of the large follicle (P=0.001) and tended (P=0.070) to af-
fect the number of large follicles. The body weight of the
ewes-affected leptin hormone concentrations (P=0.053) but
tended to influence the number of total follicles (P=0.098), the
diameter of the large follicle (P=0.070), and the corpus luteum
diameter (P=0.094).
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Table 2. Mean ± Standard deviation of the body weight, number of small, medium, large, total follicles in the sheep breeds

Treatment Control Treated
P-value

Breeds Barki Ossimi Rahmani Barki Ossimi Rahmani
Number 30 25 30 26 25 26 162
Age/year 3.70±0.12c 3.28±0.18bc 3.41±0.13bc 3.67±0.09c 2.38±0.19a 3.20±0.14b 0.0001
Initial Body weight/kg 39.40±1.85ab 44.69±3.43bc 40.30±1.50ab 37.50±0.90a 41.22±1.60ab 42.80±1.61ab 0.149
Final Body weight/kg 35.30±1.62 39.13±3.07 38.30±1.32 34.61±0.86 36.06±1.49 37.11±1.42 0.401
N. Small follicles 2.38±0.42 1.52±.26 1.99±.16ab 1.95±0.22 1.84±0.22 1.65±0.16 NS
N. Medium follicles 2.77±0.26b 1.94±0.27a 2.24±0.29ab 2.08±0.21a 2.30±0.26ab 2.18±0.18ab 0.09
N. Large follicles 1.57±0.21a 1.94±0.24ab 1.78±2.4ab 2.00±0.24ab 2.33±0.32b 2.41±0.26b 0.047
N. Total follicles 5.21±0.48 4.56±0.42 5.03 ±0.34 5.04±0.39 5.13±0.34 4.52 ±0.31 NS
Number (N.), Means with different superscripts within row (a, b) are significantly different at P< 0.05

Table 3. Mean ± Standard deviation of diameter of the dominant follicles, Diameter of the corpus luteum, and the ovulation rate.
Treatment Control Treated

P-Value
Breeds Barki Ossimi Rahmani Barki Ossimi Rahmani
Diameter Dom./mm 5.78±0.33a 6.63±0.20b 5.67±0.21a 6.67±0.26b 5.98±0.24ab 6.09±0.26ab 0.0001
CL diameter/mm 8.35±0.4ab 9.29±0.39b 8.07±0.46ab 8.33±0.50ab 8.09±0.39ab 7.77±0.26a NS
Ovulation rate 1.11±0.05a 1.33±0.09b 1.47±0.08b 1.07±0.05a 1.06±0.04a 1.08±0.04a 0.0001
Dominant follicles (Dom.), corpus luteum (CL), Means with different superscripts within row (a, b) are significantly different at P< 0.05

Table 4. Effect of breed on the reproductive hormones

Treatment Control Treated 
P-Value

Breeds Barki Ossimi Rahmani Barki Ossimi Rahmani
Progesterone ng/ml 2.24±0.79 2.19±0.45 1.72±0.17 2.52±0.45 2.26±0.99 1.49±0.12 NS
Leptin ng/ml 3.01±0.29b 2.77±0.16ab 2.87±0.08ab 1.92±0.14a 2.67±0.45ab 1.97±0.25a 0.047
Insulin µIU/mL 7.16±1.69b 3.38±0.99a 4.56±0.59b 4.51±1.03ab 1.95±0.48a 4.67±0.43ab 0.031
IGF-1 ng/ml 440±54 229±65 346±89 426102± 354±87 405±41 0.09
Means with different superscripts within row (a, b) are significantly different at P< 0.05
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PCR successfully amplified DNA fragments of 141 bp
(FecXG) from BMP15 exon 2, and 139 bp (FecGH) from GDF9
exon 1. These fragments were digested with HinfI for FecXG

and DdeI for FecGH. FecXG-HinfI/RFLP output two genotypes;
one homozygote (++), in which only two bands exist; 111 and
30-bp (30 bp band was not distinguished on gel because of
its small size). The other genotype is the heterozygote +G,
having three bands: 141, 111, and 30-bp, with the absence of
homozygous (GG) genotype (Fig. 1). For FecGH-DdeI/RFLP, also
two genotypes appeared; one homozygote (BB), with two
bands; 108 and 31-bp, and the other is the heterozygote (AB),
with 139, 108, and 31-bp bands, while the homozygote (AA)
was absent (Fig. 2).

In treated or diet-restricted animals of this study, allele (+)
frequency for BMP15 (FecXG) was much higher than allele (G),

two times higher, for all treated and control sheep, except for
the non-treated Rahmani, which was four times higher (Table
5). Also, the heterozygote (+G) frequency is considerably
higher than the homozygote (++), in both treated and control,
for all breeds (Table 5). Regarding GDF9 (FecGH), the allele (B)
frequency is higher than that of (A), and the homozygote (BB)
frequency is markedly higher than the heterozygote (AB), in
both control and treated ewes, all over the three studied
breeds (Table 6).

Discussion

The breed, nutritional treatment, age, and body weight af-
fected the reproductive performance and the hormonal status
in sheep underwent in this study. In agreement with the ob-
tained results, the ovulation rate increases with increasing age
from two to six years (Shorten et al., 2013). The diameters of
the dominant follicle and the corpus luteum are not only age,
nutritional level, or breed dependant but also the larger the
number of ovulatory follicles, the smaller of their diameter
within the same breed (Souza et al., 2003) which explain the
decrease in the ovulation rate and the increase in the domi-
nant follicle diameter due to reducing nutrition level in Rah-
mani ewes. Similar to the small size of Barki ewes, the
ovulation rate did not differ between control and fasted ewes
(Kiyma et al., 2004).

Regardless of the difference of breed, body weight, and
age of ewes in this study, no difference among breeds in the
progesterone, leptin, and IGF-1 concentrations were noticed
in control or treated ones. The nutritional levels of this study
did not affect the regulatory effect of leptin on ovarian func-
tion (Smith et al., 2002) because of the storage of fat in the
tail compensated any dietary shortage. IGF-I increased gran-
ulosa cell proliferation and enhanced progesterone secretion
(Mariana et al., 1998). Similar to the current results, Towhidi et
al. (2007) observed a difference in the ovulation rate with no
significant difference in the circulating leptin concentrations
between Mehraban and Sanjabi sheep synchronized with clo-
prostenol. Nutritional treatment influenced both leptin and in-
sulin concentrations in the three strains of this study. Similar
to results from this study, the increased expression of leptin
receptors in the granulosa cells of the ovaries of sheep in re-
sponse to reducing their nutritional level was not associated
with any difference in leptin gene expression when compared
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Fig. 1. PCR product of the FecXG locus of the BMP15 gene digested with
Hinf1. Lane 1, M: 100 bp DNA ladder, lanes: 1,4 ,5, 6 and 9; genotype G+
(141bp-111bp). While, lanes: 2, 3, 7, and 8; genotype ++ (111bp-111bp).

Fig. 2. DNA electrophoretic pattern of FecGH locus after digestion with DdeI
endonuclease. Lane 1: 25 bp DNA ladder, lanes: 1, 2, 5 ,6 and 9; genotype
AB (139, 108 and 31 bp). Lanes: 3, 4, 7 and 8.

Table 5. Allele and genotypes frequencies of BMP15 (FecXG) in Egyptian sheep breeds.

Treatment Breed
Allele frequency Genotype frequency

G + GG +G ++

Control
Barki 0.29 0.71 0 0.59 0.41
Ossimi 0.32 0.68 0 0.64 0.36
Rahmani 0.18 0.82 0 0.56 0.44

Treated
Barki 0.3 0.7 0 0.6 0.4
Ossimi 0.33 0.67 0 0.66 0.34
Rahmani 0.29 0.71 0 0.59 0.41

Treatment Breed
Allele frequency Genotype frequency

A B AA AB BB

Control
Barki 0.24 0.76 0 0.49 0.51
Ossimi 0.18 0.82 0 0.36 0.64
Rahmani 0.17 0.83 0 0.35 0.65

Treated
Barki 0.21 0.79 0 0.42 0.58
Ossimi 0.2 0.8 0 0.4 0.6
Rahmani 0.2 0.8 0 0.4 0.6

Table 6. Allele and genotypes frequencies of GDF9 (FecGH) in Egyptian sheep breeds.
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to those with increased nutritional level (Pisani et al., 2008). In
sheep, the fluctuations in the circulating concentrations of
IGF-1 and insulin coincided with the phase of the estrous cycle
(Sosa et al., 2006; 2009). The decreased insulin concentrations,
in the treated Ossimi ewes of this study could be related to
the reduced dietary level, their younger age, or high body
weight (Abecia et al., 2015). Similar to the reduced ovulation
rate in the treated ewes in the present study, acute fasting re-
duced ovulation rate, oocyte quality, embryos, leptin, insulin,
and IGF-1 in sheep (Kosior-Korzecka et al., 2006). The de-
creased dietary level in large-sized ewes of this study was not
associated with any significant decrease in their IGF-1, leptin,
and insulin. That could be referred to the mobilization of fat
from their fat tail. Whereas the declined leptin, insulin, and
IGF-1 levelswith lowered dietary level in Barki ewes may be at-
tributed to their small size and lowered fat storage in the small
fat tail. Similar to Barki ewes, fasting did not affect the ovula-
tion rate in ewes (Kiyma et al., 2004). The increased IGF-1 con-
centrations in treated Ossimi and Rahmani ewes were
associated with lowered ovulation rate. Though the increased
blood IGF-1 levels augmented the number of recruited folli-
cles (Gong et al., 1994) but did not improve the ovulation rate
(Bister et al., 1999). The nutritional levels influence on repro-
duction may be linked to variations in the IGF-I system (IGF-I
and IGFBP) level secreted from the liver or present in other re-
productive tissues (Roberts et al., 2001). Thus, acute nutrient
restriction to the point of decreasing IGF-I secretion may affect
the ability to develop follicles in response to a reduction in
FSH-receptor expression (Minegishi et al. 2000). The lowered
dietary level raised the number of large follicles but dropped
the ovulation rate in the three studied breeds. That could be
attributed to the suppressed estradiol secretion that either
prolonged (Viñoles et al., 2005; Scaramuzzi et al., 2006), short-
ened the existence of dominant follicles and ovulatory wave
(Murphy et al., 1991), or lengthened the estrous cycle (Abo El-
Maaty et al., 2008). 

Limited or over nourishment can determine the reproduc-
tive efficiency to an extent dependent on the degree and re-
productive status at the time of feeding (Nie et al., 2019). The
difference of insulin between the three breeds did not affect
their reproductive status but their body condition and nutri-
tional status. In accordance with our observations, live weight
at first oestrus was related positively to insulin concentration
and negatively to GH concentration (Viñoles et al., 2010). 

GDF9 gene was found to boost the development of the
ovarian primordial follicles and the proliferation of granulosa
cells (Liao et al. 2004). FecGH polymorphism of C1184T muta-
tion caused a substitution of Serine with a Phenylalanine at
position-77 of the mature peptide. This polymorphism altered
the interaction of the protein type-1 domain linker receptor
by what ovarian development from the pre-antral stage even
that of follicular growth was different in all genotypes (Mora-
Luna et al. 2014). Homozygous ewes for this mutation did not
ovulate and were infertile (i.e. sterile). Heterozygote’s ones had
the average ovulation rate compared to the wild type, so bet-
ter fertility, prolificacy, and ovulatory rate were only for het-
erozygotes (Hanrahan et al. 2004; Barzegari et al. 2010). The
absence of any difference among the different BMPs stimu-
lated estradiol (E2) production in the cultured granulosa cells
and had a clear interaction with IGF-I. BMPs had no effect on
granulosa cells proliferation BMP-6 protein expression in the
oocyte, granulosa, and thecal layers of antral follicles from
both genotypes. These results confirm the role of BMPs in
controlling ovarian somatic cell function in sheep and provides
evidence to support the hypothesis that FecB mutation in-
creases the BMPs' response of somatic cells when stimulated
to differentiate by gonadotropins (Campbell et al., 2006).

In agreement with our results, ewes with two homozygous

inactive copies of the BMP15 gene were sterile (Galloway et
al., 2002; Hanrahan et al. 2004) but the heterozygotes having
a single inactive copy of the BMP15 gene were fertile and had
higher ovulation rate and lambing (Hanrahan et al., 2004;
Davis, 2005). Moreover, the immunization against the bone
morphogenetic protein-15 and growth differentiation factor-
9 disturbed the ovarian function (Davis et al., 2018). Parallel to
outcomes from this study, the similarity in the genetic poly-
morphism, between the three sheep strains, output nearly
similar reproductive performance not withstanding the size of
the breed or the bodyweight of the dam before breeding. Any
observed decrease in the reproductive performance de-
pended on their nutritional status before breeding (Debus et
al., 2012). Additionally, ewes got one allele (heterozygote)
from two copies of the mutated GDF9 (FecGH) gene were fer-
tile and had a high rate of ovulation (Hanrahan et al., 2004).
Otherwise, the homozygous ewes for this mutation were in-
fertile in addition to the elementary ovary failure. Heterozy-
gous individuals for mutations of GDF9 and BMP15 genes are
fertile, and these mutations had additional effects on the ovu-
lation rate (Hanrahan et al., 2004). 

The TGFß family member BMP15 was the first gene to be
associated with prolificacy. GDF9 and BMP15 genes play a cru-
cial role in folliculogenesis and ovulation rate control, where
their different mutations like FecXG and FecGH, boost the pro-
liferation of granulosa cells, reduced the expression levels of
FSH receptor and steroid hormones (Mottershead et al., 2015),
and raised the ovulation rate and lamb size (Bodin et al., 2007;
Monteagudo et al., 2009). All known BMP15 mutations (named
FecXI, H, B, G, L, R), produced the same phenotype. In other
words, heterozygous females were highly prolific whereas ho-
mozygous ones are infertile because of the blockage of fol-
licular development at the primary stage (Almahdy et al., 2000;
Kumar et al., 2006; Guan et al., 2007; Polley et al., 2009). GDF9
(FecG) is also a member of the TGFß family. A mutation in
GDF9 (FecGE) associated with prolificacy was identified in the
Brazilian Santa Ineˆs strain (Liao et al., 2004). Interestingly, Silva
et al. (2011) showed for the first time a novel phenotype since
FecGE homozygous ewes were not sterile but exhibited a sig-
nificant increase compared to non-mutated individuals in their
ovulation rate and litter size. 

Conclusion

BMP15 gene loci has no polymorphism, while GDF9 gene
loci are polymorphic in Barki, Ossimi, and Rahmani sheep
breeds. The fertility rate in these breeds is related to the GDF9
(FecG7 and FecGH) gene, but not related to the mutants of the
BMP15 (FecXG) and BMP15 (FecXB) loci. The non-genomic fac-
tors such as breed, animal size, age, and body condition, and
dietary level control the reproductive performance when their
genomes are similar.
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