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Objective: The present study evaluated the efficiency of embryo development and pregnancy
of somatic cell nuclear transfer (SCNT) embryos using different source-matured oocytes
in Camelus dromedarius.

Methods: Camelus dromedarius embryos were produced by SCNT using in vivo- and in
vitro- matured oocytes. In vitro embryo developmental capacity of reconstructed embryos
was evaluated. To confirm the efficiency of pregnancy and live birth rates, a total of 72
blastocysts using in vitro- matured oocytes transferred into 45 surrogates and 95 blastocysts
using in vivo- matured oocytes were transferred into 62 surrogates by transvaginal method.
Results: The collected oocytes derived from ovum pick up showed higher maturation
potential into metaphase II oocytes than oocytes from the slaughterhouse. The competence
of cleavage, and blastocyst were also significantly higher in in vivo- matured oocytes than
in vitro- matured oocytes. After embryo transfer, 11 pregnant and 10 live births were con-
firmed in in vivo- matured oocytes group, and 2 pregnant and 1 live birth were confirmed
in in vitro- matured oocytes group. Furthermore, blastocysts produced by in vivo-matured
oocytes resulted in significantly higher early pregnancy and live birth rates than in vitro-
matured oocytes.

Conclusion: In this study, SCNT embryos using in vivo- and in vitro-matured camel
oocytes were successfully developed, and pregnancy was established in recipient camels.
We also confirmed that in vivo-matured oocytes improved the development of embryos
and the pregnancy capacity using the blastocyst embryo transfer method.

Keywords: Camelus dromedarius; Embryo Development; In vitro-matured Oocytes;
In vivo-Matured Oocytes; Pregnancy Rates; Somatic Cell Nuclear Transfer

INTRODUCTION

Camelus dromedarius (Camel) is a desert animal that supplies milk and meat and is also
gaining attention in racing and beauty applications [1]. However, the maintenance of the
population due to the low reproductive efficiency of camels has been highlighted as a
problem. In vitro embryo production (IVP) by somatic cell nuclear transfer (SCNT) is a
useful technique to generate various kinds of animals with outstanding factors [2,3]. Since
the first cloned camel was produced using in vivo-matured oocytes by ovum pick-up (OPU),
a few studies have reported camel cloning [4-6].

In camels, collection of good quality oocytes is difficult due to limited ovaries obtained
from the slaughterhouse, and camels were usually aged when they were slaughtered [1,6].
Therefore, cumulus oocyte complexes (COCs) collected from the ovary do not undergo
in vivo developmental process, and highly heterogeneous oocytes are obtained. One of the
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main problems was that few studies on camel IVM system
have been reported and the efficiency is also insufficient.
Additionally, these oocytes showed variable developmental
capacity after maturation [7]. In contrast to these slaughter-
house oocytes, which required in vitro maturation (IVM), in
vivo-matured oocytes obtained by OPU do not require the
development of final preovulation and produced a higher
quality of embryos [8]. In addition, in vivo-matured oocytes
collected using the OPU method can be repeatedly recovered
from the same live animals. Therefore, the ultrasound-guided
OPU method combined with the IVP of embryos has been
widely used. Several studies have been reported on oocytes
derived from OPU and slaughtered ovaries [7,8].

Despite recent studies on camel cloning, its low efficiency
has produced few offspring. The improper reprogramming
of donor nuclei injected into the enucleated oocyte cytoplasm
may result in aberrant early embryo development, implanta-
tion problems and stillbirth [9]. Various types of factors affect
reprogramming, including donor cell type [5], activation of
oocytes [6], and oocyte cytoplasm [6]. Among them, the
quality of oocytes is an important factor to consider for im-
proving embryo development and producing offspring [4,6,
10-13]. However, studies on embryo development and preg-
nancy rate according to oocyte sources are limited in camels.
Several studies have reported that the quality of the oocyte
cytoplasm is different depending on the source of oocyte [6-
8,10]. The capacity of embryo development collected with
OPU-derived, in vivo-matured oocytes showed increased
cleavage and blastocyst formation [6,10,14,15]. These results
clearly indicated that in vivo-matured oocytes collected by
OPU had high potential compared with oocytes obtained
from slaughtered nonstimulated camel ovaries. Some pre-
vious studies reported that no difference in pregnancy rate
depending on the sources of the oocytes but they used only
a small number of oocytes and surrogates [4,6]. Furthermore,
several studies on the efficiency of pregnancy have reported
that the in vitro matured oocytes showed decreased preg-
nancy rates in other mammalians, including sheep, mouse,
and human [11-13]. Therefore, the present study used a
large number of surrogates, slaughtered ovaries-, and OPU-
derived oocytes to reconfirm the effect of the source of oocytes
on pregnant efficiency.

Described above, the present study was designed to deter-
mine the effects of oocyte sources on maturation, embryonic
development, and pregnancy rates in camels. We established
skin fibroblast cell lines which was used as donor nuclei, and
we used in vivo matured oocytes collected by OPU technique
and in vitro matured oocytes collected from ovaries from
slaughterhouse. We performed SCNT to investigate the em-
bryonic developmental capacity to progress to cleavage and
blastocyst stages. Finally, we evaluated the pregnancy rates
from these reconstructed embryos using blastocyst embryo
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transfer.

MATERIALS AND METHODS

Chemicals and media
All chemicals were purchased from Sigma (St. Louis, MO,
USA) unless otherwise specified.

Care and use of animals

This study was conducted from November 2018 to January
2019 when the estrus of camels occurred. We selected female
camels without abnormalities in the reproductive tract to use
as oocyte donors and surrogates. In this study, a total of 134
camels (107 surrogates, 27 oocyte donors) aged 4 to 7 years
and weighing 400 to 450 kg were used. They were fed appro-
priate nutrients and provided water ad libitum daily. All animal
procedures were conducted following the animal study guide-
lines, which were approved by the ethics committee at the
Management of Scientific Centers and Presidential Camels
(Accession No: PC4.1.5). The animal guidelines comply with
the ARRIVE guidelines and were performed under the UK.
Animals (Scientific Procedure) Act, 1986, and associated
guidelines, EW Directive 2010/63/EU.

Transvaginal ultrasound-guided ovum pick-up

The oocyte donors were injected with 5,000 IU of PMSG
(Ceva, Libourne, France) and 500 pg of closprostenol (Jurox,
Rutherford, Australia) to stimulate the ovary as previously
described with minor modifications [16]. We checked for
superovulation based on the follicle diameter reaching 10 to
20 mm using ultrasonic assessment in camels after 9 days.
Then, we treated camels with 100 pg of gonadorelin acetate
(Vetoquinol, Paris, France) 25 to 28 hours before OPU was
performed. The oocyte donors were sedated with 100 mg of
ketamine (Ilium, Glendenning, Australia) and xylazine (Ceva,
France). The oocytes were collected by an Aloka ultrasound
unit (Aloka, Tokyo, Japan) with a needle guide (Aloka, Japan).
We used a 60 cm, 18-gauge lumen needle in the follicles,
along with 15 mL capped tubes with 2 mL OPU solution
(IVF Bioscience, Falmouth, UK) using a regulated vacuum
pump. All oocytes and follicular fluid were moved to petri
dishes to identify COCs using a microscope. All oocyte
donors were used only once.

Collection of oocytes from slaughtered ovaries

In the present study, a total of 142 ovaries were used. We
collected slaughtered ovaries from the Al-Ain Municipal
slaughterhouse and transported them to the laboratory in
0.9% saline solution at 37°C. After that, COCs were recovered
from ovaries as previously described with minor modifica-
tions [6]. In brief, we washed ovaries with 0.9% saline solution
and aspirated follicles using an 18-gauge needle attached to



Son et al (2022) Anim Biosci 35:177-183

a 10-mL disposable syringe. The collected COCs were evalu-
ated as grade A and B according to the homogeneity of the
cytoplasm and their enclosure by at least three layers of com-
pact cumulus cells. They were washed three times in Dulbeccos
phosphate-buffered saline (DPBS; Welgene, Gyeongsan,
Korea) supplemented with 5 mg/mL bovine serum albumin
(BSA; Thermo Fisher Scientific, Waltham, MA, USA) and
1% (v/v) antibiotic-antimycotic (Thermo Fisher Scientific,
USA). For IVM, these COCs were cultured at 38°C with 5%
CO, in a humidified atmosphere for 42 hours with com-
mercially available BO IVM media (IVF Bioscience, UK).

Establishment of donor cells

Ear skin samples were obtained from three female camels,
and fibroblast cells were isolated as previously reported with
minor modifications [17]. The biopsied tissue was washed
with DPBS supplemented with 1% (v/v) antibiotic-antimy-
cotic and minced into small pieces with scissors. The tissues
were digested in Dulbecco's modified Eagle's medium (DMEM;
Thermo Fisher Scientific, USA) supplemented with 0.1% (w/v)
collagenase type IV (Thermo Fisher Scientific, USA) at 38°C
in a humidified atmosphere of 5% CO, for 2 hours. After that,
the cells were washed with DPBS and filtered through 100-
and 40-um nylon strainers (Falcon, Franklin, NJ, USA). The
cells were cultured in DMEM supplemented with 10% (v/v)
fetal bovine serum (FBS) (Thermo Fisher Scientific, USA),
1% (v/v) nonessential amino acids (Thermo Fisher Scientific,
USA), 1% (v/v) antibiotic-antimycotic (Thermo Fisher Sci-
entific, USA) and 0.1% (v/v) B-mercaptoethanol (Thermo
Fisher Scientific, USA) at 38°C in a humidified atmosphere
of 5% CO,. The culture media was changed every two days
until 80% confluence, and the cells were passaged with
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0.25% trypsin ethylenediaminetetraacetic acid solution and
frozen in DMEM supplemented with 20% (v/v) FBS and
10% (v/v) dimethyl sulfoxide.

Somatic cell nuclear transfer

The SCNT was performed by methods previously reported
with minor modifications [18]. Briefly, we denuded cumulus
cells from oocytes by gentle pipetting with 0.1% hyaluroni-
dase. After denuding, MII phase oocytes were stained with 5
pg/mL bisbenzimide for 3 min. The stained oocytes were
enucleated by aspirating polar body and metaphase II chro-
mosome-containing ooplasm, and a single fibroblast was
microinjected into the perivitelline space of the enucleated
oocytes. The donor cell-oocyte couplets were fused in fusion
media supplemented with 0.26 M mannitol, 0.1 mM MgSO,,
0.5 mM hydroxyethyl piperazine ethane sulfonicacid, and
0.05% (w/v) BSA with two DC pulses of 1.8 kV/cm for 15
usec using a BTX Electro Cell Manipulator (BTX Inc., San
Diego, CA, USA). After that, we treated the reconstructed
embryos with 5 (M ionomycin for 3 min and with 2.0 mM
6-dimethylaminopurine (6-DMAP) in BO-IVC (IVF Bio-
science, UK) in a humidified incubator with 5% CO, at 39°C
for 4 hours. Following activation, the embryos were cultured
in an oil-covered BO-IVC droplet of 6 to 8 at 38°C in a hu-
midified atmosphere with 5% CO, and 5% O,. We checked
early stage embryo development up to 8-cell at day 2 and day
3 and blastocyst formation was confirmed at day 7 (Figure 1).

Embryo transfer and pregnancy diagnosis

The recipients were prepared in the same way as the oocyte
donor for OPU described above. We sedated camels with
100 mg of xylazine (Ceva, France). The preparation of the

Cleavage Stage Blastocyst

Day 0

Group A

Day 2 Day 3 Day 7

Figure 1. Embryo development after somatic cell nuclear transfer (SCNT). Oocytes were obtained by ovum pick up (OPU) (Group A), and from
slaughtered camel ovaries (Group B). Embryo morphology was observed by a phase-contrast microscope on days 0, 2, 3, and 7. Scale bar = 300 um.
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blastocyst stage embryo transfer was also similar to that of
OPU donors. One to two cloned day 7 blastocysts were trans-
ferred with transfer media to either horn of the uterus.

To confirm pregnancy, we carried out a tail response test
on the surrogates 10 days later and analyzed the serum pro-
gesterone concentration 16 days after embryo transfer using
a chemiluminescence immunoassay (Roche, Basel, Switzer-
land). After that, real-time ultrasonography was performed
with the camel in a standing position every 30 days.

Statistical analysis

Statistical analyses were performed by independent T-test of
variance using SPSS version 23 (IBM) for between-group
comparisons. Data are presented as the mean+standard error,
and p<0.05 was considered significant.

RESULTS

Effect of the source of oocytes on oocyte maturation
and the development of somatic cell nuclear transfer

Son et al (2022) Anim Biosci 35:177-183

embryos

To clone Camelus dromedarius, a total of 862 oocytes were
collected from slaughtered nonstimulated camel ovaries,
and 347 oocytes were collected by OPU. The IVM efliciency
of oocytes derived from the slaughterhouse was compared
with the in vivo maturation efficiency of oocytes derived
from OPU (Table 1; Figure 2). We confirmed the signifi-
cantly (p<0.05) higher maturation potential in the collected
oocytes derived from OPU compared with oocytes from the
slaughterhouse. The results of fused oocytes and cleavage
and blastocyst embryos are presented in Table 2. Among the
SCNT embryos the cleavage rates of SCN'T embryos derived
from in vivo-matured oocytes were significantly (p<0.05)
higher than those from in vitro-matured oocytes. Furthermore,
the rate of blastocyst development was significantly (p<0.05)
higher in the in vivo-matured oocyte group than in the in vitro-
matured oocyte group.

Pregnancy of cloned camels and identification
Camel cloned embryos were constructed from both kinds of

Table 1. Effects of in vivo- and in vitro-matured oocytes on oocyte maturation capacity

Oocyte maturation

Source of oocytes

No. of oocytes

Collected oocytes Ml (%) Immature (%)? Abnormal
In vitro matured oocytes 862 517 (60.1+1.0)° 319 (37.2+1.0)° 25(2.62+0.4)
In vivo matured oocytes 347 309 (89.3+2.2)° 29 (8.642.1)° 9(2.140.5)

" MII, metaphase Il oocytes.
)

2)

2P Different superscript letters represent significance (p<0.05).

Immature, germinal vesicle, germinal vesicle breakdown, and metaphase | oocytes.

Figure 2. Morphology of normal and abnormal matured oocyte was observed by phase contrast- and fluorescence microscope. A and A. The
morphologies of a normal metaphase Il (MIl) oocyte, B and B'. Metaphase | (M) oocyte, and C and C'. abnormal matured oocyte (degradation of
cytoplasm). Oocytes were stained with Hoechst 33342 to confirm the DNA. Scale bar = 100 pm.
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Table 2. Effects of in vivo- and in vitro-matured oocytes on the embryo development capacity of somatic cell nuclear transfer in camels

Nuclear transfer

Source of oocytes

No. of oocytes

Reconstructed oocytes

Fused (%)"

Cleaved (%)? Blastocyst (%)°

517
309

In vitro matured oocytes
In vivo matured oocytes

362 (71.241.7)
223 (74.6+1.9)

217 (59.7+3.2)°
183 (75.3+3.5)"

73(20.92+2.1)°
101 (45.7+2.3)°

1

) The fusion rate was calculated by the number of reconstructed oocytes.
2)

°P Different superscript letters represent significance (p<0.05).

oocytes, and pregnancy was confirmed through ultrasonog-
raphy 30, 60, and 90 days after embryo transfer. We performed
embryo transfer using day 7 blastocyst stage embryos. A
total of 72 blastocysts using in vitro-matured oocytes were
transferred to 45 surrogates, and 95 blastocysts using in vivo-
matured oocytes were transferred to 62 surrogates (Table
3). Among the 45 surrogates, 2 pregnancies were detected,
and 1 reached live birth. Among the 62 surrogates, 11 preg-
nancies were detected, and 10 reached live birth (Table 3).
The efficiencies of pregnancy and live birth were significantly
increased in the in vivo-matured oocyte group compared
with the in vitro-matured group (Table 3).

DISCUSSION

In the present study, we evaluated the development of SCNT
embryos and term after transfer using in vivo- and in vitro-
matured camel oocytes. Several studies have reported the
influence of oocyte sources from various mammals on em-
bryo development [1,6,10,14,15]. The development of SCNT
embryos must be investigated in terms of oocyte maturation,
embryo cleavage, and blastocyst formation capacity. In bo-
vines, an increased embryo production rate was identified
after IVF using in vivo-matured oocytes compared with in
vitro-matured oocytes [10]. Moreover, increased embryo
production rates were identified after IVF using in vivo-ma-
tured oocytes compared to in vitro-matured oocytes in mice
and monkeys [14,15]. The decreased rates of cleavage and
blastocyst stage with in vitro-matured oocytes might have

"9 The cleavage and blastocyst rates were calculated by the number of fused oocytes.

been influenced by oocyte cytoplasm quality and factors
caused by the time wasted during ovary acquisition and trans-
portation [19]. Furthermore, the collection of ovaries from
an unsanitary environment in a slaughterhouse, the status of
heterogeneous oocytes, and difficulty maintaining genetic
merit are all problematic factors [10]. The results of the present
study were similar. We evaluated the cleavage and blastocyst
stage formation capacities and determined that in vivo-ma-
tured oocytes had higher efficiency compared with in vitro-
matured oocytes.

Other evidence has suggested that defects in camel oocyte
IVM could affect oocyte quality and embryo development
[4]. The capacities for embryo development and pregnancy
were different between in vitro-matured oocytes and in vivo-
matured oocytes because of their surrounding environment
[20]. Additionally, oocyte development and maternal tran-
script synthesis occurred simultaneously [20,21]. It has
been reported that in vitro-matured bovine oocytes showed
decreased cell cycle regulation, oocyte maturation and oxi-
dative phosphorylation-related gene expression with increased
apoptosis-related gene expression compared with in vivo-
matured oocytes [20,21]. These results indicated that it is
essential to choose an efficient oocyte maturation method
to obtain stable results in the production of live births using
SCNT. However, the oocyte maturation rate of camels was
lower than that of other species after IVM, and studies were
insufficient [22-24]. According to recent studies, camels are
generally slaughtered when they are too old or too young
before their maturity; therefore, they do not undergo normal

Table 3. Pregnancy rates from somatic cell nuclear transfer embryos using in vivo- and in vitro-matured oocytes on blastocyst stage embryo transfer

to camels
Source of oocytes

Items

In vitro-matured oocytes In vivo-matured oocytes p-value
No. of transferred embryos 72 95 -
No. of surrogates 45 62 -
Pregnancy rate (D30) 2 (4.4%) 11(17.7%) 0.034
Pregnancy rate (D60) 1(2.2%) 10 (16.1%) 0.017
Pregnancy rate (D90) 1(2.2%) 10 (16.1%) 0.017
Pregnancy rate (Live birth) 1(2.2%) 10 (16.1%) 0.017

The rates of pregnancy were based on the number of surrogates.
Abortion accrued between 30 and 60 days.
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reproduction cycles and have been reported to have reduced
embryo development capacities [1,6]. Therefore, we hypoth-
esized that in vivo-matured oocytes would be more efficient
in SCNT. Our results supported this hypothesis. The present
study revealed a greater efficiency in obtaining matured
oocytes from in vivo- compared to in vitro- sources (Table
1). Indeed, we confirmed the enhanced capacities for cleavage
and blastocyst stage formation of in vivo-matured oocytes.
This evidence might be one approach to the efficient acqui-
sition of metaphase II oocytes for SCNT to obtain in vivo-
matured oocytes.

The evaluation of pregnancy and live birth rates should be
performed in SCNT embryo transfer. Some earlier studies
reported that the source of oocytes in camels influenced em-
bryo development, but no effect was observed on pregnancy
rate [4,6]. These reports remain unclear due to limited oocyte,
blastocyst, and surrogate numbers evaluated between OPU-
derived and slaughterhouse oocytes [4,6]. Additionally, low
comparative numbers of in vivo- to in vitro- embryo transfer
render these comparisons at best incomplete, e.g. Moulavi et
al [4] reported results from 5 embryo transfers in an in vivo
group with 40 in their in vitro group, differences of more
than eight times between groups. Wani et al [6] similarly re-
ported data from groups that varied more than three times.
Oocyte maturation rates are additionally reported in the
present study, information absent in the aforementioned
previous reports, providing a more complete understanding
of the capacity and limitation of oocyte sources.

Several studies have evaluated such similar strategies using
different maturation system of oocytes with various kinds of
mammals, including sheep, mouse, and human [11-13]. In
the case of sheep, SCNT embryos were transferred to surro-
gates, and an in vivo-matured oocyte group was determined
to have high pregnancy and full-term development rates
[13]. When human embryos transferred to the recipient,
conventional IVF/ICSI using in vivo-matured oocytes showed
higher pregnancy capacity than in vitro-matured oocytes [11].
Furthermore, oocytes after IVM showed high rate of preg-
nancy loss [25]. Several studies also reported to prevent a
decrease in pregnancy rate according to the poor quality
embryos after IVM, three or more embryos were transfer
into surrogates [26,27]. One of the reasons was that chromo-
some abnormalities and incorrect spindle assembly affected
the implantation of embryos [13,14]. Therefore, we performed
embryo transfer using blastocyst stage embryos, assuming
that in vivo-matured oocytes had enhanced potency in suc-
cessfully establishing pregnancy. To confirm this hypothesis,
the present study evaluated the effects of in vivo- and in vitro-
matured oocytes on oocyte maturation capacity and pregnancy
rates using a large number of different sources of oocytes and
surrogates. We produced 11 full-term camels using SCNT
embryos and confirmed that the in vivo-matured oocyte group
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showed higher pregnancy and live birth efficiencies using
the blastocyst embryo transfer method (Table 3). This study
did not elucidate the mechanisms of these results for oocytes
and embryos. However, considering the low efficiency of the
IVM system in camels, in vivo-matured oocytes were deter-
mined to be the most proper source for camel SCNT.

CONEFLICT OF INTEREST

We certify that there is no conflict of interest with any financial
organization regarding the material discussed in the manu-
script.

FUNDING

The authors received no financial support for this article.

ACKNOWLEDGMENTS

This project was supported by the Patronage of H.H. Sheikh
Mansour bin Zayed Al Nahyan, Deputy Prime Minister of
the U.A.E. and the Minister of Presidential Affairs. We ac-
knowledge his support and inspiration in the initiation and
mentoring of this project, without whom this project would
not have been possible.

REFERENCES

1. Saadeldin IM, Swelum AA, Elsafadi M, et al. Effects of all-trans
retinoic acid on the in vitro maturation of camel (Camelus
dromedarius) cumulus-oocyte complexes. ] Reprod Dev
2019;65:215-21. https://doi.org/10.1262/jrd.2018-073

2. Lee BC, Kim MK, Jang G, et al. Dogs cloned from adult somatic
cells. Nature 2005;436:641. https://doi.org/10.1038/436641a

3. Jeong YH, Park CH, Jang GH, et al. Production of multiple
transgenic Yucatan miniature pigs expressing human com-
plement regulatory factors, human CD55, CD59, and H-trans-
ferase genes. Plos One 2013;8:e63241. https://doi.org/10.
1371/journal.pone.0063241

4. Moulavi E, Asadi-Moghadam B, Omidi M, et al. Pregnancy
and calving rates of cloned dromedary camels produced by
conventional and handmade cloning techniques and in vitro
and in vivo matured oocytes. Mol Biotechnol 2020;62:433-
42. https://doi.org/10.1007/s12033-020-00262-y

5. Wani NA, Hong SB. Source, treatment and type of nuclear
donor cells influences in vitro and in vivo development of
embryos cloned by somatic cell nuclear transfer in camel
(Camelus dromedarius). Theriogenology 2018;106:186-91.
https://doi.org/10.1016/j.theriogenology.2017.10.010

6. Wani NA, Hong S, Vettical BS. Cytoplast source influences
development of somatic cell nuclear transfer (SCNT) embryos
in vitro but not their development to term after transfer to


https://doi.org/10.1262/jrd.2018-073
https://doi.org/10.1038/436641a
https://doi.org/10.1371/journal.pone.0063241
https://doi.org/10.1371/journal.pone.0063241
https://doi.org/10.1007/s12033-020-00262-y
https://doi.org/10.1016/j.theriogenology.2017.10.010

Son et al (2022) Anim Biosci 35:177-183

9.

10.

11.

12.

synchronized recipients in dromedary camels (Camelus
dromedarius). Theriogenology 2018;118:137-43. https://doi.
org/10.1016/j.theriogenology.2018.05.021

. Bilodeau-Goeseels S, Panich P. Effects of oocyte quality on

development and transcriptional activity in early bovine
embryos. Anim Reprod Sci 2002;71:143-55. https://doi.org/
10.1016/s0378-4320(01)00188-9

. Karadjole M, Getz I, Samardzija, M et al. The developmental

competence of bovine immature oocytes and quality of
embryos derived from slaughterhouse ovaries or live donors
by ovum pick up. Vet Arch 2010;80:445-54.

Lee JH, Lee WJ, Jeon RH, et al. Development and gene ex-
pression of porcine cloned embryos derived from bone marrow
stem cells with overexpressing Oct4 and Sox2. Cell Reprogram
2014;16:428-38. https://doi.org/10.1089/cell.2014.0036

de Oliveira Bezerra A, Nicacio AC, de Oliveira Menezes
GR, et al. Comparison between in vitro embryo production
using Y-sorted sperm and timed artificial insemination with
non-sorted sperm to produce crossbred calves. Anim Reprod
Sci 2019;208:106101. https://doi.org/10.1016/j.anireprosci.
2019.06.013

Suikkari AM, Soderstrom-Anttila V. In-vitro maturation of
eggs: is it really useful? Best Pract Res Clin Obstet Gynaecol
2007;21:145-55. https://doi.org/10.1016/j.bpobgyn.2006.09.
003

LiM, Zhao HC, LiR, Yu Y, Qiao J. Chromosomal aberrations
in in-vitro matured oocytes influence implantation and
ongoing pregnancy rates in a mouse model undergoing
intracytoplasmic sperm injection. Plos One 2014;9:¢103347.
https://doi.org/10.1371/journal.pone.0103347

13. Yuan Y, Liu R, Zhang X, et al. Effects of recipient oocyte source,

14.

15.

16.

17.

number of transferred embryos and season on somatic cell
nuclear transfer efficiency in sheep. Reprod Domest Anim
2019;54:1443-8. https://doi.org/10.1111/rda.13546
Schramm RD, Paprocki AM, VandeVoort CA. Causes of
developmental failure of in-vitro matured rhesus monkey
oocytes: impairments in embryonic genome activation. Hum
Reprod 2003;18:826-33. https://doi.org/10.1093/humrep/
degl44

Sanfins A, Plancha CE, Albertini DF. Pre-implantation
developmental potential from in vivo and in vitro matured
mouse oocytes: a cytoskeletal perspective on oocyte quality.
] Assist Reprod Genet 2015;32:127-36. https://doi.org/10.
1007/s10815-014-0363-4

McKinnon AO, Tinson AH, Nation G. Embryo transfer in
dromedary camels. Theriogenology 1994;41:145-50. https://
doi.org/10.1016/S0093-691X(05)80060-3

Son YB, Kang YH, Lee H]J, et al. Evaluation of odonto/osteo-

/1137

genic differentiation potential from different regions derived
dental tissue stem cells and effect of 17p-estradiol on effi-
ciency. BMC Oral Health 2021;21:15. https://doi.org/10.1186/
$12903-020-01366-2

18. Son YB, Jeong YI, Hwang KC, Jeong YW, Hwang WS. Mito-

chondrial metabolism assessment of lycaon-dog fetuses in
interspecies somatic cell nuclear transfer. Theriogenology
2021;15;165:18-27. https://doi.org/10.1016/j.theriogenology.
2021.01.010

19. Satrapa RA, Nabhan T, Silva CE, et al. Influence of sire breed

(bos indicus versus bos taurus) and interval from slaughter
to oocyte aspiration on heat stress tolerance of in vitro-
produced bovine embryos. Theriogenology 2011;76:1162-
7. https://doi.org/10.1016/j.theriogenology.2011.05.026

20. Katz-Jaffe MG, McCallie BR, Preis KA, Filipovits J, Gardner

21.

DK. Transcriptome analysis of in vivo and in vitro matured
bovine MII oocytes. Theriogenology 2009;71:939-46. https://
doi.org/10.1016/j.theriogenology.2008.10.024

Brevini TAL, Cillo E Antonini S, Tosetti V, Gandolfi E Tem-
poral and spatial control of gene expression in early embryos
of farm animals. Reprod Fertil Dev 2007;19:35-42. https://
doi.org/10.1071/rd06119

22. Mesbah E Kafi M, Nili H. Cumulus cell expansion and first

23.

polar body extrusion during in vitro oocyte maturation in
relation to morphological and morphometric characteristics
of the dromedary camel ovary. Reprod Domest Anim 2016;
51:916-23. https://doi.org/10.1111/rda.12758

Gabr SA, Samiah SM, Nagy WM. Effect of leptin supplemen-
tation in maturation medium on in vitro nuclear maturation
and fertilization of camel oocytes (Camelus dromedarius).
Asian ] Anim Vet Adv 2014;9:713-20. https://doi.org/10.3923/
ajava.2014.713.720

24. Abdelkhalek AE, Gabr SA, Khalil WA, et al. In vitro produc-

25.

26.

tion of Sudanese camel (Camelus dromedarius) embryos
from epididymal spermatozoa and follicular oocytes of slaugh-
tered animals. Pol ] Vet Sci 2017;20:95-101. https://doi.org/
10.1515/pjvs-2017-0013

Soderstrom-Anttila V, Makinen S, Tuuri T, Suikkari AM.
Favourable pregnancy results with insemination of in vitro
matured oocytes from unstimulated patients. Hum Reprod
2005;20:1534-40. https://doi.org/10.1093/humrep/deh768
Chian RC, Buckett WM, Tan SL. In-vitro maturation of
human oocytes. Reprod Biomed Online 2004;8:148-66. https://
doi.org/10.1016/s1472-6483(10)60511-1

27. Chian RC, Lim JH, Tan SL. State of the art in in-vitro oocyte

maturation. Curr Opin Obstet Gynecol 2004;16:211-9. https://
doi.org/10.1097/00001703-200406000-00003

www.animbiosci.org 183


https://doi.org/10.1016/j.theriogenology.2018.05.021
https://doi.org/10.1016/j.theriogenology.2018.05.021
https://doi.org/10.1016/s0378-4320(01)00188-9
https://doi.org/10.1016/s0378-4320(01)00188-9
https://doi.org/10.1089/cell.2014.0036
https://doi.org/10.1016/j.anireprosci.2019.06.013
https://doi.org/10.1016/j.anireprosci.2019.06.013
https://doi.org/10.1016/j.bpobgyn.2006.09.003
https://doi.org/10.1016/j.bpobgyn.2006.09.003
https://doi.org/10.1371/journal.pone.0103347
https://doi.org/10.1111/rda.13546
https://doi.org/10.1093/humrep/deg144
https://doi.org/10.1093/humrep/deg144
https://doi.org/10.1007/s10815-014-0363-4
https://doi.org/10.1007/s10815-014-0363-4
https://doi.org/10.1016/S0093-691X(05)80060-3
https://doi.org/10.1016/S0093-691X(05)80060-3
https://doi.org/10.1186/s12903-020-01366-2
https://doi.org/10.1186/s12903-020-01366-2
https://doi.org/10.1016/j.theriogenology.2021.01.010
https://doi.org/10.1016/j.theriogenology.2021.01.010
https://doi.org/10.1016/j.theriogenology.2011.05.026
https://doi.org/10.1016/j.theriogenology.2008.10.024
https://doi.org/10.1016/j.theriogenology.2008.10.024
https://doi.org/10.1071/rd06119
https://doi.org/10.1071/rd06119
https://doi.org/10.1111/rda.12758
https://doi.org/10.3923/ajava.2014.713.720
https://doi.org/10.3923/ajava.2014.713.720
https://doi.org/10.1515/pjvs-2017-0013
https://doi.org/10.1515/pjvs-2017-0013
https://doi.org/10.1093/humrep/deh768
https://doi.org/10.1016/s1472-6483(10)60511-1
https://doi.org/10.1016/s1472-6483(10)60511-1
https://doi.org/10.1097/00001703-200406000-00003
https://doi.org/10.1097/00001703-200406000-00003

