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Abstract. The ovarian responses concerning types of vaginal devices in fat-tailed ewes carrying the Booroola
fecundity gene (FecB) has not been studied in detail. Evaluation of the ovulatory responses and distributions
following estrus synchronization with controlled internal drug release (CIDR) or a vaginal sponge in ewes carry-
ing FecB compared to non-carriers and reproductive indices after laparoscopic insemination (LI) are the aims of
the current study. Estrus was synchronized using CIDR (n= 16) or medroxyprogesterone acetate (MPA) sponge
(n= 15) insertion (day −14) and an eCG injection on device removal (day 0). Laparoscopic insemination was
performed, and the ovarian structures were measured intensively using a transvaginal probe after −14 and 0 d
as well as after 36–38 and 48–51 h and continued every 4 h until 75 h after the eCG treatment. The proges-
terone amounts were measured in sera samples. The initiation and termination of ovulations happened earlier in
CIDR-receiving ewes and FecB carriers compared to MPA-sponge-treated ewes and non-carriers, respectively
(P<0.05). Progesterone concentrations were higher in the CIDR group compared to MPA sponge group on day
0. Device types did not affect the sizes of ovulatory follicles, corpora lutea diameters, and reproductive indices
(P>0.05), while the twining rate, litter size, and reproductive rate were greater in FecB carriers compared to
non-carriers (P<0.05). Ovulation synchronization with MPA sponge with an eCG delayed the ovulation but
did not influence the conception rate compared to CIDR-treated ewes. In spite of the smaller sizes of the ovu-
latory follicles and subsequent corpora lutea, higher reproductive outcomes were acquired in the FecB carriers
compared to non-carrier fat-tailed ewes following LA.

1 Introduction

Estrus synchronization protocols directly affect the income
of the livestock breeders by improving reproductive perfor-
mance (Abecia et al., 2011; Qasemi-Panahi et al., 2016).
Many estrus synchronization protocols have been developed
for sheep, and one of the most successful is based on the tem-
porary suppression of the estrus with the help of progestins
(Robinson, 1965; Maxwell and Barnes, 1986; Gourley and
Riese, 1990; Bretzlaff and Romano, 2001; Gordon, 2017).

Progestins have an inhibitory effect on luteinizing hormone
(LH) release from the anterior pituitary, which prevents the
growth and final maturation of ovarian antral follicles and
ovulation. After progestin cessation, the onset of estrus and
ovulation occurs at a predictable time (Dogan et al., 2004).
Controlled internal drug release (CIDR) and medroxyproges-
terone acetate (MPA) or flugestone acetate (FGA) intravagi-
nal sponges have been successfully used for synchronization
of estrus and, consequently, natural breeding or laparoscopic
artificial insemination (LAI) in ewes (Luther et al., 2007).
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It has been shown that an injection of equine chorionic go-
nadotropin (eCG) after progesterone cessation or removal in-
creases the ovulation rate, improves fertility, and also reduces
the variations in the initiation of estrus and ovulation (Rensis
and López-Gatius, 2014; Qasemi-Panahi et al., 2016).

Artificial insemination (AI) is an effective tool to over-
come the limitation of seasonal reproduction in small rumi-
nants (Abecia et al., 2012). The development of AI makes
it possible to use the semen of the superior rams to impreg-
nate ewes and maximize genetic development (Salamon and
Maxwell, 2000). A prerequisite for successful AI in sheep
is accurate estrus detection (several times a day), which is
an impractical task. In addition, the fertility rate depends
on the synchrony between the ovulation and insemination
time (Reyna et al., 2007). In order to overcome the men-
tioned problem, fixed-time artificial insemination (FTAI) is
performed following the synchronization of estrus and ovu-
lation with the use of hormonal treatments. However, vari-
ability in ovulatory responses, even with an advanced under-
standing of ovarian follicular development and performing
estrus synchronization, persists as a major limiting factor in
increasing the conception rates, especially after AI (Gordon,
1983; Walker et al., 1989).

The Booroola fecundity (FecB) gene, also known as bone
morphogenetic protein receptor type 1B (BMPR1B), was
identified in the Booroola Merino sheep as the major gene
responsible for prolificacy (Mulsant et al., 2001; Souza et al.,
2001; Wilson et al., 2001). It was verified that the FecB gene
increases the ovulation rate and, consequently, the litter size
in ewes (Davis, 2004). Researchers have tried to screen the
BMPR1B mutation and its responsibility for higher prolifi-
cacy in other prolific sheep breeds (Liu et al., 2003; Davis,
2005; Yao et al., 2006; Kumar et al., 2008; Hua and Yang,
2009; Mahdavi et al., 2014; Qi et al., 2020). Moreover, re-
searchers have tried to introgress the FecB in some less pro-
lific breeds to improve the prolificacy rates (Mishra et al.,
2007; Chu et al., 2007; Hua and Yang, 2009). Reviewing the
literature revealed that the determination of ovulation time
following estrus synchronization using different intravaginal
progesterone devices in B allele carrier (B+) and non-carrier
ewes has not been published about. Therefore, the current
study aimed to evaluate the effects of the introgression of the
FecB allele (as B+) on the distribution of ovulations (every
3–4 h with transvaginal ultrasonography) following estrus
synchronization with two types of vaginal containing pro-
gestogens devices (CIDR or MPA sponge) and reproductive
outcomes after fixed-time laparoscopic insemination (FTLI)
in Qezel ewes during the breeding season.

2 Materials and methods

2.1 Experimental animals and location

In total, 31 fat-tailed Qezel ewes (28.37± 2.02 months of
age; 61.83± 3.10 kg body weight) were included in the study

during the breeding season (October–November). A total of
13 ewes carried the FecB gene as heterozygous, and the re-
mainder (18) did not have the FecB gene. The ewes were kept
under uniform nutritional and management condition at the
small ruminant farm belonging to the Agriculture Faculty of
Urmia University, West Azerbaijan, Iran. Before starting the
experiment, scheduled vaccination was done.

2.2 Estrus synchronization

Estrus was synchronized by CIDR (Eazi-Breed CIDR,
Zoetis, Belgium; carrying 0.3 g endogenic progesterone) or
MPA vaginal sponge (Sponjavet, Hipra, Spain; 60 mg) inser-
tion (day −14) for 14 d, accompanied with eCG (Gonaser,
Hipra, Spain; 400 IU) injection on device removal (day 0
of the experiment). A total of 16 (6 ewes carrying FecB
and 10 ewes without FecB) and 15 (7 ewes carrying FecB
and 8 ewes without FecB) ewes were allocated in CIDR and
vaginal sponge groups, respectively. Intensive ovarian ultra-
sonography using the transvaginal approach was performed
until the ovulation was confirmed. FTLI with freshly diluted
semen samples was done 57± 0.5 and 64± 0.5 h after eCG
injection in CIDR- and MPA-inserted ewes, respectively.

2.3 Ovarian examination using a transvaginal probe

The ovarian structures were scanned by a real-time, B-mode
ultrasonography equipped with a 9 MHz transvaginal trans-
ducer (Emperor, EMP 830Vet, China) at −28 (to detect the
presence of corpus luteum), −21 (to confirm the presence of
corpus luteum), and −14 d (device insertion). A total of 54
ewes were examined, and if the corpus luteum was present
on the ovaries −28 and −21 d of the experiment, the ewes
were considered cyclic and entered into the experiment. Af-
ter device withdrawal, an intensive ovarian examination was
performed 36–38 and 48–51 h and continued every 4 h un-
til 75 h after eCG injection to confirm the time of ovula-
tion and record the ovarian follicle sizes and the number of
ovulated follicles. Vaginal ultrasonographic examination was
performed in the ewes in standing position. Details of ovarian
follicles (at day 0 onwards) such as their numbers and diam-
eters (greater than 1 mm) were recorded for every ewe and
tabulated for growth. The ovulation was detected and con-
firmed (two consecutive examinations) by the disappearance
of a large, growing follicle that was tracked several times
followed by the formation of the corpus luteum in the re-
ferred ovary. Furthermore, the ovarian examination was done
on day+11 (9 d after insemination) to record the number and
diameters of the corpora lutea.

2.4 Semen samples and laparoscopic insemination

An artificial vagina (IMV, France) was used to collect the se-
men samples from the fertile ram (carrying FecB as homozy-
gous) in the presence of an estrus ewe. The mean concentra-
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tion and total and forward progressive motility of the two col-
lected samples were 3.17× 109 spermatozoa mL, 98.56 %,
and 92.18 %, respectively. The motility was assessed by
Computer-Assisted Sperm Analysis (CASA) (video test;
Test Sperm 3.2, Saint Petersburg, Russia) equipped with
a warm stage and a phase-contrast microscope (Labomed,
Labomed Inc., Culver City, CA, USA) after dilution with
a prepared extender (15 µL sample+ 985 µL extender). Af-
ter the initial assessment, the semen samples were diluted
at a rate of 300× 106 spermatozoa mL−1 with tris-citric
acid-fructose and plasma egg yolk, according to the previ-
ous described protocol (Mortazavi et al., 2020). Ewes were
inseminated through a laparoscopic approach 56± 0.5 and
64± 0.5 h after CIDR and MPA sponge removal with an eCG
injection, respectively. Each uterine horn was inseminated
with 0.25 mL extended semen. The light source and trocars
(5 mm) were purchased from the Storz company (Germany).
The semen sampling process, transvaginal examination, and
laparoscopic insemination were verified by the care commit-
tee of Urmia University (IR-UU-AEC-3/28).

2.5 Progesterone concentrations

In order to measure the progesterone (P4) concentrations, the
jugular vein was punctured using a needle, and the vacuum
tube (VACUETTE, Bio-one GmbH, Austria) was attached to
collect the blood sample. Blood samples of ewes were col-
lected on days −14, 0, +2, and +11 during the experiment.
Samples were centrifuged at 4000 g for 15 min to separate
the sera parts. Sera samples were preserved at −20 °C un-
til P4 assay. The P4 concentrations were measured using a
specific ELISA kit (sheep progesterone ELISA kit, ZellBio,
Germany) and ELISA reader at 450 nm.

2.6 Reproductive outcomes

The intravaginal ultrasonographic examination was per-
formed to detect the presence and number of alive embryos
38 d after insemination. The percent of conception rate (num-
ber of pregnant ewes on day 38 / number of inseminated
ewes), twining or tripling rate (number of pregnant ewes hav-
ing two or three viable embryos / total number of pregnant
ewes), and reproductive rate (number of lambs born / total
number of inseminated ewes) were calculated concurrently
with the litter size (number of total lambs / number of ewes
lambing) analyzed between groups.

2.7 Genotyping

The genotype at the FecB locus was validated by the poly-
merase chain reaction–restriction fragment length polymor-
phism (PCR-RFLP) method (Wilson et al., 2001).

2.8 Statistical analysis

The effect of vaginal devices and FecB on the sizes of ovu-
lated follicles, ovulation time, number of corpora lutea, and
P4 concentrations were analyzed using two-way ANOVA.
The conception and twining rates were assessed using the
chi-square test. The litter size and reproductive rate were an-
alyzed between groups using the Mann–Whitney rank sum
test. The SigmaStat software (Version 3.5; Chicago, IL) was
used to analyze the data statistically. A p value lower than
0.05 was considered significant, and the p value between
0.05 and 0.10 was considered to tend to be significant.

3 Results

One ewe was excluded from the vaginal sponge group due
to respiratory disease and fever on day +2. The ovulation
was recorded in all remaining ewes (n= 30). The initiation
(51–55 h vs. 63–67 h; P<0.001) and termination (63–67 h
vs. 67–71 h; P<0.001) of ovulations were different in CIDR-
treated compared to sponge-receiving ewes after devices re-
moval and eCG administration (Table 1).

A total of 17 and 15 follicles and 13 and 12 follicles were
ovulated from the ewes carrying FecB and non-carriers, in
the CIDR- and sponge-treated ewes, respectively. The vagi-
nal device types and presence of FecB were effective at the
time of first and all ovulations (Table 2). CIDR-treated ewes
and FecB carriers ovulated earlier (first and all ovulations)
compared to sponge-receiving ewes and non-carriers, respec-
tively (P<0.05; Table 2).

Device types did not affect the mean sizes of ovu-
latory follicles, while FecB carriers ovulated at smaller
sizes compared to non-carrier ewes (5.31 vs. 6.95 mm; Ta-
ble 3). Furthermore, the mean sizes of corpora lutea were
smaller in FecB carriers compared to non-carriers (10.02 vs.
11.95 mm; Table 3). Moreover, mean sizes of ovulatory folli-
cles (P<0.001) and corpora lutea (P = 0.016) were smaller
in multi-ovulatory ewes compared to single-ovulatory ewes
(Table 4).

Mean P4 concentrations did not differ between CIDR
and MPA-sponge-treated females on days −14, +2, and
+11 (Fig. 1). Higher P4 amounts were recorded in
CIDR-treated ewes compared to MPA-sponge-treated fe-
males on day 0 (P<0.001; Fig. 1). Furthermore, greater
amounts of P4 were recorded (P<0.001) in FecB car-
riers compared to non-carrier females on days −14
(5.67± 1.41 vs. 2.34± 0.48 ng mL−1) and +11 (8.82± 0.57
vs. 5.17± 0.48 ng mL−1; Table 3).

The conception rate was 75 % and 71.42 % in CIDR
and sponge-receiving groups following insemination after
56± 0.5 and 64± 0.5 h, respectively (Table 5; P = 0.84).
FecB carriers (11/12= 91.66 %) tend to have a higher con-
ception rate compared to non-carriers (11/18= 61.11 %;
P = 0.099; Table 3). Twinning or tripling rate, litter size, and
reproductive rate did not differ between CIDR and sponge-

https://doi.org/10.5194/aab-68-425-2025 Arch. Anim. Breed., 68, 425–433, 2025



428 M. Allah-Dadi et al.: Vaginal progesterone type and Booroola fecundity gene effects on ewe reproduction

Table 1. The number of ewes ovulating for the first time and total number of ovulated follicles within different time spans following ovulation
synchronization with CIDR (n= 16 ewes) or MPA vaginal sponges (n= 14 ewes) in combination with an eCG injection (400 IU) in FecB
carrier (n= 12) and non-carrier (n= 18) Qezel ewes.

Time spans after device removal+ eCG injection

36–38 48–<51 51–<55 55–<59 59–<63 63–<67 67–<71 71–75

First ovulation CIDR (n= 16) 0 0 1 7 5 3 0 0
Sponge (n= 14) 0 0 0 0 0 8 6 0

Total number of CIDR (30) 0 0 3 14 8 5 0 0
ovulated follicles Sponge (27) 0 0 0 0 0 15 12 0

Total ovulated follicles Carrying FecB (17) 0 0 3 11 3 0 0 0
in CIDR group NC (13) 0 0 0 3 5 5 0 0

Total ovulated follicles Carrying FecB (15) 0 0 0 0 0 8 7 0
in sponge group Non-carriers (12) 0 0 0 0 0 7 5 0

CIDR: controlled internal drug releasing devices, MPA: medroxyprogesterone acetate, eCG: equine chorionic gonadotropin, IU: international unit, NC: non-carriers. A total of 6
and 6 ewes carrying FecB and 10 and 8 non-carrier ewes were allocated to CIDR and sponge groups, respectively.

Table 2. Ovulatory performances of fat-tailed Qezel ewes following ovulation synchronization with CIDR (n= 16 ewes) or MPA vaginal
sponges (n= 14 ewes) in combination with an eCG injection (400 IU) in FecB carriers (n= 12) and non-carriers (n= 18) during the breeding
season.

CIDR MPA sponge

Indices Total FecB NC P value Total FecB NC P value P value P value
carriers (FecB vs. NC) carriers (FecB vs. NC) (CIDR vs. sponge) (FecB vs. NC)

Number of
ovulatory follicles

30 17 13 0.001 27 15 12 0.02 0.91 <0.001

Mean time of first
ovulation (h)

60.04 57.66 61.40 <0.001 66.71 67.02 66.50 0.512 0.001 0.044

Mean time of all
ovulation (h)

59.40 57.64 61.84 <0.001 66.77 67.86 66.66 0.629 0.001 0.008

Mean size of ovulatory
follicles (mm)

5.95 5.27 7.20 <0.001 6.01 5.46 6.70 0.007 0.525 <0.001

Number of corpus
luteum

30 17 13 0.001 27 15 12 0.02 0.91 <0.001

Mean size of corpus
luteum (mm)

11.22 10.38 12.32 0.003 10.56 9.75 11.57 0.006 0.11 <0.001

Mean interval from first
to last ovulations
(min–max)

0 0 0 – 0.57 (0.4) 0 1 (0–4) – – –

CIDR: controlled internal drug releasing devices, MPA: medroxyprogesterone acetate, eCG: equine chorionic gonadotropin, IU: international unit, NC: non-carriers. A total of 6 and 6 ewes carrying FecB and 10
and 8 non-carrier ewes were allocated to the CIDR and sponge groups, respectively.

receiving groups, while FecB carrier ewes showed greater
twinning or tripling rates (100 vs. 27.27 %), litter size (2.36
vs. 1.27), and reproductive rate (2.16 vs. 0.77) compared to
non-carrier females (Table 3; P<0.05).

4 Discussion

The present study was designed to examine the effects of the
introgression of FecB into genome of a less prolific breed
(Qezel) on the timing and distribution of ovulations (assessed
by serial intensive transvaginal ultrasonographic scanning)
following estrus synchronization with vaginal loaded pro-

gestogen devices (CIDR vs. MPA sponge) with eCG and re-
productive outcomes after FTLI. Results of the current study
indicated that (1) CIDR-treated ewes (FecB carriers and non-
carriers) ovulated earlier compared to MPA-receiving ewes
after device removal with an eCG injection; (2) in the CIDR
group, FecB carriers initiated and terminated the ovulation
earlier compared to non-carriers after device removal with an
eCG injection; (3) sizes of ovulated follicles and subsequent
corpora lutea were smaller in FecB carriers, while the num-
ber of ovulatory follicles and progesterone concentrations (in
the luteal phase) were more remarkable compared to non-
carriers; and (4) in total, the reproductive performance was

Arch. Anim. Breed., 68, 425–433, 2025 https://doi.org/10.5194/aab-68-425-2025



M. Allah-Dadi et al.: Vaginal progesterone type and Booroola fecundity gene effects on ewe reproduction 429

Table 3. Ovulatory performances, progesterone (P4) concentrations, and reproductive performances of fat-tailed Qezel ewes carrying FecB
(n= 12) compared to non-carriers (n= 18) following ovulation synchronization with CIDR or MPA vaginal sponges in combination with
an eCG injection (400 IU) during the breeding season.

FecB carriers (n= 12) Non-carriers (n= 18) P value (FecB vs. NC)
Indices

Number of ovulatory follicles 32 25 <0.001
Mean sizes of ovulatory follicles (mm) 5.31 6.95 <0.001
Mean sizes of corpus luteum (mm) 10.02 11.95 <0.001
Mean P4 (ng mL−1) concentrations on day −14 5.67± 1.41 2.34± 0.48 <0.001
Mean P4 (ng mL−1) concentrations on day +11 8.82± 0.57 5.17± 0.48 <0.001
Conception rate % (n/n) 91.66 (11/12) 61.11 (11/18) 0.099
Twinning or tripling rate % (n/n) 100 (11/11) 27.27 (3/11) 0.09
Litter size 2.36 1.27 0.001
Reproductive rate 2.16 0.077 0.001

CIDR: controlled internal drug releasing devices, MPA: medroxyprogesterone acetate, eCG: equine chorionic gonadotropin, IU: international unit, NC: non-carriers,
P4: progesterone. Laparoscopic insemination was performed 56± 0.5 and 64± 0.5 h after CIDR and sponge removal with an eCG injection, respectively.

Table 4. Ovulatory performances of single-ovulatory (SO) and multi-ovulatory (MO) fat-tailed Qezel ewes following synchronization of
ovulation with CIDR (n= 16 ewes) or MPA vaginal sponges (n= 14 ewes) in combination with an eCG injection (400 IU) during the
breeding season.

CIDR MPA sponge

Indices Total MO SO P Total MO SO P C vs. S MO vs. SO
(n= 16) (n= 9) (n= 7) (MO vs. SO) (n= 14) (n= 9) (n= 5) (MO vs. SO)

Number of ovulatory
follicles

30 23 7 <0.001 27 22 5 <0.001 0.91 <0.001

Mean time of ovulation 59.40 59.13 60.57 0.256 66.77 66.46 78.20 0.276 0.001 0.119

Mean size of the ovula-
tory follicles (mm)

5.95 5.39 7.81 <0.001 6.01 5.96 6.2 0.686 0.193 0.001

Mean size of the corpus
luteum (mm)

11.22 10.85 12.44 0.049 10.56 10.30 11.71 0.133 0.287 0.016

CIDR: controlled internal drug releasing devices, MPA: medroxyprogesterone acetate, eCG: equine chorionic gonadotropin, IU: international unit, NC: non-carriers.

significantly improved by the introgression of FecB into the
genome of Qezel ewes.

The FecB gene has been identified in the Booroola Merino
and some other prolific sheep breeds (Davis et al., 2006;
Guan et al., 2007; Qi et al., 2020). Under an intensive man-
agement system, improvement in prolificacy is a desirable
trait for dairy and non-dairy sheep breeds. Then, crossbreed-
ing was programmed and performed in less to moderate pro-
lific breeds all over the world, such as Assaf, Awassi, Ga-
role, Small Tail Han, Huyang, Cele, and Duolang (Mishra
et al., 2007; Chu et al., 2007; Kumar et al., 2008; Hua and
Yang, 2009). This crossbreeding increased the prolificacy in
the generations that follow (Guan et al., 2007; Chu et al.,
2007; Gootwine et al., 1995, 2003, 2008). However, a pre-
vious study indicated that the prolificacy of B+ ewes (het-
erozygous situation) was higher than BB (homozygous sit-
uation) ewes (Farquhar et al., 2006), so the BB ewes were
not included in the current study. Studies revealed that FecB
introgressed ewes had greater numbers of ovulated follicles,

while their sizes were smaller compared to ++ (non-carrier)
ewes (Souza et al., 1994, 1997). However, the mentioned au-
thors evaluated the ovarian follicles (number and sizes) by la-
paroscopic examination or transabdominal ultrasonographic
scanning every 12 h intervals (Driancourt et al., 1985; Souza
et al., 1994, 1997). The efficacy of laparoscopic lenses in the
evaluation of the exact time and sizes of ovulations was un-
der question. Estrus synchronization with the utilization of
vaginal devices with eCG has usually resulted in an accept-
able pregnancy rate following natural breeding. However, the
variation in ovulation time is the main restricting factor in the
formation of zygotes and establishing the pregnancy follow-
ing FTAI. The external and internal factors affect the ovu-
lation time and its variances in sheep herds (Gibbons et al.,
1999; Viñoles et al., 1999; Salehi et al., 2010). Even by mini-
mizing these factors, the ovulation time is varied among ewes
(Salehi et al., 2010). Limited studies were reported about
the ovulation distributions after progesterone device with-
drawal. The authors hypothesized that the ovulation distri-
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Figure 1. Mean progesterone (P4; ng mL−1) concentrations of CIDR and sponge-treated ewes on device insertion (−14), device withdrawal
(0), laparoscopic AI (+2), and day 9 after insemination (day +11 of the experiment). Higher P4 amounts were detected in CIDR-receiving
group at the time of device removal compared to sponge-primed females.

Table 5. Reproductive performances of FecB carrier (n= 12) and non-carrier (n= 18) fat-tailed Qezel ewes following ovulation synchro-
nization with CIDR (n= 16) or MPA vaginal sponges (n= 14) in combination with an eCG injection (400 IU) during the breeding season.

CIDR Sponge P value P value

Indices Total FecB NC Total FecB NC (CIDR vs. sponge) (FecB vs. NC)

Conception rate (%) 75 100 60 71.42 83.33 62.50 0.84 0.099

Twinning or tripling
rate (%)

66.66 100 33.33 60 100 20 0.90 0.09

Litter size 1.75 2.16 1.33 1.90 2.60 1.20 0.748 0.001

Reproductive rate 1.31 2.16 0.8 1.35 2.16 0.75 0.983 0.001

CIDR: controlled internal drug releasing devices, MPA: medroxyprogesterone acetate, eCG: equine chorionic gonadotropin, IU: international unit, NC:
non-carriers. Laparoscopic insemination was performed 56± 0.5 and 64± 0.5 h after CIDR and sponge removal with an eCG injection, respectively.

butions would be different following synchronization with
MPA vaginal sponges with eCG compared to CIDR with
eCG in FecB carriers and non-carrier Qezel ewes and conse-
quently affect the reproductive outcomes after FTLI. Using
intensive serial transvaginal ultrasonographic examination,
we confirmed the greater numbers of ovulated follicles at
smaller sizes in FecB carriers compared to non-carriers (5.31
vs. 6.95 mm). Furthermore, the mean time of first and all ovu-
lations (after device removal and eCG injection) was lower in
FecB carriers compared to non-carriers. This is an important
finding, especially for programming the time of insemination
with frozen/thawed or even fresh semen samples. Further-
more, results of the present study indicated that CIDR-treated
ewes completed the ovulation earlier (concerning eCG in-
jection) compared to MPA-sponge treated ewes (59.74 vs.
66.91 h), which is in accordance with the previous reports
(Walker et al., 1989; Husein and Kridli, 2002; Bartlewski et
al., 2015). Differences in the molecular characteristics, the
physical form, and consequently varying absorbances during
and after withdrawal, half-life, and clearance rate between

MPA and CIDR (endogenous progesterone) devices are the
proposed reasons for the mentioned findings (Ryan and Ros-
ner, 2001; Husein and Kridli, 2002; Menchaca et al., 2007;
Bartlewski et al., 2015).

In the present experiment, progesterone concentrations
on device withdrawal were significantly higher in CIDR-
treated (2.12± 0.16 ng mL−1) compared to MPA-sponge-
treated ewes (0.35± 0.08 ng mL−1). It seems that a proges-
terone assay kit used in the present study could not cross-
react with the exogenous progestogens released from the
MPA vaginal sponge. This finding is compatible with the pre-
vious report (Husein and Kridli, 2002). Furthermore, higher
amounts of progesterone in FecB carriers compared to non-
carrier ewes on days −14 and +11 seems to be the case due
to greater numbers of corpora lutea in the B+ ewes.

Fixed-time insemination has numerous advantages in the
management of ewe breeding; however, one of the main asso-
ciated problems is the accurate estimation of ovulation time,
which is necessary for performing insemination in a timely
manner and hence maximizing fertility (Romano, 1996).
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Controversial reports have been released about the correla-
tion between ovulation distributions, time of AI, and con-
ception rate. Higher conception rate (63 % vs. 38 %) was re-
ported following insemination 44 h compared to 68 h after
FGA removal (Maxwell et al., 1993), while a lower con-
ception rate was reported after 48 h compared to insemi-
nation after 60 h (55 % vs. 46 %; Maxwell, 1986). Further-
more, insemination 48 h after CIDR withdrawal resulted in
a higher conception rate compared to MPA-sponge-treated
ewes (73 % vs. 52 %; Fukui et al., 1993). The proposed time
span for laparoscopic insemination following synchroniza-
tion is 48–72 h after MPA sponge withdrawal with eCG ad-
ministration. Insemination before (24–36 h) or after (78 h)
the recommended period resulted in a lower conception rate
(Maxwell et al., 1984; Maxwell, 1986; Jabbour and Evans,
1991). Due to differences in the initiation of estrus and ovula-
tion following priming with endogenous (CIDR) and exoge-
nous (MPA sponge) progestogen devices, in the present ex-
periment, ewes were inseminated 57± 0.5 and 64± 0.5 h af-
ter eCG injection in CIDR- and MPA-sponge-treated, respec-
tively. Results of the present experiment indicated that the
conception rate did not differ between CIDR- and sponge-
receiving ewes (75 vs. 71.42 %), and a non-significant in-
crease was observed in FecB carriers (91.66 %, 11/12) com-
pared to non-carrier ewes (61.11 %, 11/18; P = 0.099).
However, the twinning rate, litter size, and reproductive rate
were significantly higher in FecB carriers compared to non-
carrier ewes, which is consistent with other research (Meyer
et al., 1994; Chu et al., 2007; Guan et al., 2007; Mahdavi
et al., 2014; Qi et al., 2020). A recent study indicated that
the conception rate among BB, B+, and ++ genotypes was
similar 60 d after AI in sheep; however, the litter size was
affected by B allele (Qi et al., 2020). Controversial findings
were reported about the role of FecB in the follicle stimula-
tion hormone (FSH) concentrations and finally the number
of ovulated follicles (Souza et al., 1997; Hudson et al., 1999;
Decuypere et al., 2004; Qi et al., 2020). It was proposed that
the FecB allele increased the ovulation rate via alterations
in the follicular development and oocyte ultrastructure at an
early stage (Reader et al., 2012).

5 Conclusion

In conclusion, introgression of the FecB into the genome of
Qezel ewes, previously known as a less prolific fat-tailed
breed, increased the number of ovulatory follicles at smaller
sizes and consequently improved the reproductive outcomes
following synchronization of either CIDR or MPA sponge
with eCG. The lower mean time of ovulation (more than 4 h)
in FecB carriers compared to non-carries in CIDR-treated
ewes would be an effective and important factor during FTLI
programs. However, synchronization with the MPA sponge
overcomes the effects of FecB on the mean time of ovu-
lation during the breeding season. Furthermore, it is rec-

ommended to conduct insemination earlier (about 6–8 h) of
CIDR-receiving compared to MPA-receiving ewes. Determi-
nation of the FecB genotype in mixed herds would help to
adapt the synchronization and insemination protocol.
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