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Abstract
Background: Somatic cell nuclear transfer (SCNT) is an approach for the propagation of elite animals. I vitro condi-
tion, especially the composition of culture media has a profound effect on the developmental competency of in vitro
derived e mbryos. There are limited studies evaluating the effect of culture media on SCNT outcomes. To address this
gap, we compare the effect of two culture media synthetic oviduct fluid (SOF) vs. commercial bracket-oliphant (BO)
on developmental comptenecy.

Materials and Methods: In this experimental study, embryos derived from in vitro fertilized (IVF) and SCNT were
cultured in both BO and SOF media for 7 days. In addition to the assessment of cleavage and blastocyst on day 3, and
7, the quantitative expression of 16 genes in theresultant blastocysts were assessed. The resultant SCNT blastocysts
from SOF and BO groups were also transferred to the synchronized recipient for developmental competency to term.

Results: The blastocyst rate in the BO medium was significantly higher than that of the SOF medium in the SCNT group
(P<0.05). All of the examined genes showed increased expression levels in SCNT blastocyst in both media compared to [IVF
Blastocyst. In the IVF group, Oct4, Bmprl, and Gen5 showed significantly higher expression in the SOF medium com-
pared to the BO medium while Akt, Figfr4, Sox2 showed significantly lower expression in the SOF medium compared to
the BO medium. In the SCNT group, Fgfr4, Gen5, Fzd, Ctnnb, Bmprl1, and Fgfr4 showed significantly higher expression
in SOF compared to BO derived blastocyst.

Conclusion: It appears that in SCNT blastocysts, gene regulation is less controlled compared to IVF ones, irrespective of the
type of medium. In addition, there are differences regarding certain genes expressions between IVF and SCNT derived blas-
tocysts between SOF and BO, reiterating that culture composition affects developmental competency and gene expression.
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Introduction

Extensive observation and investigation of normal
physiological systems, especially the female reproduc-
tive system, have resulted in the formulation of media
to improve in vitro culture conditions and suit the em-
bryo’s requirements (1). Based on the literature, it is
possible to have a rough estimate of the performance of
each media type regarding pre- and post-implantation
competence (2). However, it must be borne in mind that
in addition to the medium components (3) and embryo
metabolism (4), factors influencing the culture medium
condition (5), including air quality, temperature, and

humidity, can also influence the developmental com-
petence (6).

Regarding human embryo culture, numerous commer-
cial culture media are available in the market (7-9). Al-
though the efficiency of some of these media has been
assessed using a mouse model, there are a limited number
of studies that have compared these commercially avail-
able media (10). A quick review of the literature showed
that the introduction of in vitro fertilization (IVF) for the
treatment of infertility was associated with single-step
culture media and cell culture media, such as Ham’s F10,
KSOMaa, Bracket-Oliphant (BO) (6, 11-13).
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However, further research resulted in the introduc-
tion of sequential culture media, that were based on the
composition of human tubal fluid (14). Then, with the in-
troduction of time-lapse technology in embryology and
some new clinical trials, single-step culture media gained
renewed attention and were used routinely in embryo cul-
ture media, especially when time-lapse technology was
used to monitor embryos (15, 16). Single-step media can
also be useful in the zona-free somatic cell nuclear trans-
fer (SCNT) method, in which the embryos should be cul-
tured in an undisturbed environment to support the devel-
opment of SCNT embryos to the blastocyst stage.

The efficiency of SCNT in biotechnology (17), biomedi-
cine, stem cells (18), transgenic animal production (19),
conservation of endangered species, and breeding has at-
tracted considerable attention in recent years (20). However,
despite the significant improvements made to enhance the
reprogramming efficiency of SCNT, the technical efficiency
and high throughput of SCNT hav e limited its application
and reduced its success rate compared to IVF (21).

However, only a limited number of studies have fo-
cused on the type of culture media and their effect on the
efficiency of SCNT (22). In a previous study, we showed
that sequential G-series culture media, despite resulting
in a high blastocyst formation rate, had a limited effect
on oocyte developmental competence compared to that
of sequential synthetic oviductal fluid (SOF) media (23).
In the light of the above information, this study was de-
signed to compare the impact of SOF medium with that of
commercial BO medium, commonly used for in vitro pro-
duction of farm animals, using caprine SCNT embryos.

Materials and Methods
Ethical guidelines

In this experimental study, all animal experiments were
conducted in compliance with the ethical guidelines es-
tablished by the Institutional Ethics Committee of Royan
Institute. For slaughterhouse ovaries, permissions were
obtained from the manager of the abattoir and the Iran
Veterinary Organization (IVO) (IR.ACECR.ROYAN.
REC.1396.220). In this experimental study, Unless oth-
erwise specified, Chemicals and media were purchased
from Sigma (St. Louis, MO, USA) and Gibco (BRL,
Grand Island, NY, USA).

QOocyte in vitro maturation

Briefly, the ovaries of Bakhtiari goat were obtained
from a slaughterhouse in Isfahan. The slaughterhouse of
Isfahan follows guidelines that comply with standards of
the IVO. Following the dissection of ovaries around 2-4
pm, they were transferred to thermos flasks, containing
normal saline with 2X antibiotics (0.1 mg/mL streptomy-
cin, 100 IU/mL penicillin G potassium), and maintained
at 15-17°C until they were transferred to the laboratory
by 6 pm. Immediately, the ovaries were washed, trimmed,
and stored at 11-12°C until the cumulus oocyte complexes
(COCs) were harvested the day after at 9 am. The method
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of maintaining ovaries at the aforementioned temperature
has been previously published (20).

The in vitro maturation (IVM) was performed as de-
scribed in our previous study (20). Briefly, the follicu-
lar content was aspirated from 2-6 mm follicles using a
20-gauge needle attached to a vacuum pump. Only COCs
with homogeneous cytoplasm and at least three layers of
compact cumulus cells were isolated for [IVM. The COCs
were cultured in 50 pl droplets of maturation medium,
containing tissue culture medium 199 (TCM-199)+10%
fetal bovine serum (FBS) supplemented with 10 pg/ml
follicle-stimulating hormone (FSH, sigma F8174), 10
pg/ml luteinizing hormone (LH, sigma L5269), 100 mM
17-B-estradiol, 0.1mM cysteamine, 10 ng/ml epidermal
growth factor (EGF), and 100 ng/ml insulin-like growth
factor 1 (IGF1), under mineral oil for 20 hours at 38.5°C,
5% CO,, in maximum humidified air.

Somatic cell nuclear transfer

We used a variant of SCNT technology which is called
handmade cloning (HMC). After denudation of cumulus
cells (using 300 IU/ml hyaluronidase) and the removal of
zona pellucida with 5 mg/ml pronase for a few seconds),
a manual method of oocyte enucleation with the aid of a
fine pulled Pasteur pipette was used to enucleate the oo-
cytes. Briefly, zona-free oocytes were incubated in TCM
supplemented with 4 pg/ml demecolcine for 20 minutes
at 38.5°C. Then, a cytoplasmic protrusion, containing
metaphase I (MII) spindle, was removed by a manual
pipette. For nuclear replacement, enucleated oocytes
were transferred to dishes containing droplets of H-TCM
supplemented with 10 mg/ml phytohemagglutinin; then,
single fibroblast cells were attached to the membrane of
the enucleated oocytes (24). Subsequently, the couplets
in fusion buffer free of Ca™ and Mg (290 mOsm) were
electrofused using sinusoidal electric current (1.7 Kv/cm)
for 10 sec, followed by two direct currents (1.75 kV/cm
for 30 psec and 1 second delay). After 30 minutes, the re-
constructed oocytes were activated with 5 uM ionomycin
for 1 minute, followed by 2 hours of incubation with 2
mM 6-dimethylaminopurine (6-DAMP) (25). Afterward,
the activated reconstructed oocytes were cultured inside
the wells containing SOF medium or BO medium and
incubated for 7 days under mineral oil at 38.5°C, 5% CO,,
5% O,, and humidified air (24). Grade 1 and 2 blastocysts
were selected for embryo transfer.

Selection of genes set

In order to select the genes that could predominantly
be involved in the regulation of early embryonic de-
velopment and pluripotency, we followed the strategy
described by McGraw et al. (26) due to the lack of suf-
ficient data on the goat species. In brief, we sought the
related information using gene expression databases that
profiled gene expression and gene ontologies (GOs) in
both human and mouse embryos and embryonic stem
cells (ESCs, Table S1, See Supplementary Online In-
formation at www.ijfs.ir). To be considered as a poten-



tial candidate, the genes had to be commonly present in
ESCs and either oocyte or blastocyst and play critical
roles in the transcription regulation, pluripotency, and
differentiation. This survey provided a list of 16 genes,
including Akt, Oct4, Sox2, Bmprl, Fgfr4, Cdc25, Cdx2,
GenS, Pcaf, Foxd3, Smad5, Fzd, Lifrl, Ctnnb, Erkl,
and [fnt. The main functions, GOs, and null alleles of
each gene are summarized in Table S1 (See Supplemen-
tary Online Information at www.ijfs.ir). Due to the lack
of any previous report or database regarding the gene
sequences of many of the abovementioned genes, the
primers were designed based on the conserved regions
of these markers in bovine, ovine, human, and mouse se-
quences. Subsequently, specific primers were designed
from these recognized sequences (Table 1).

Table 1: Primers used for real-time PCR experiment

Gene  Primer sequence (5°-3") Lengthof TM
PCR
product

Akt F:CCCTTAAACAACTTCTCTG 98 60
R:GAATGACGAAGGTATTGG

Oct4 F:AGAAGGGCAAACGATCAAGC 96 56
R:GAATGGGACCGAAGAGTACAGAGT

Sox2  F:-GCCGCCGATGATTGTTAT 182 54
R:AGAGAGAAAGAAAGGGAGAGAA

Bmprl FTGTTCGTCGTGTCTCAT 116 58
R:GGTGCTAAGGTTACTCC

Fgfr4  F.GCTGACTGGYAGGAAAGG 193 56
R:AGTGGCTGAAGCACATCG

Cdc25 FTGGCAAGCGTGTTATCGT 119 58
R:GGTAGTGGAGTTTGGGGTA

Cdx2  F:CCCCAAGTGAAAACCAG 144 53
R:TGAGAGCCCCAGTGTG

Gen5  F:ACTCACCTGATGAACCAC 174 54
R:TGTCGCACCCTCGTAG

Pcaf F:ACGAACAAGTCAAGGGCTATG 246 60
R:CAGAGAACTCCGTGTATGGG

Foxd3 F:AGAGCCCGCAGAAGAAGC 182 59
R:GGTCCAGTAGTTGCCCTTG

Smad5 F:ATTATGCCAAGTATATCCA 136 60
R:GTCTGTGAATCCATCTAC

Fzd F:ATTGCCTGCTAC AC 89 59
R:TTAGTCTGGTTGTTCATT

Lifr F:CGGATTCGTTGTTCTACT 117 56
R:AATGGCTTCTGTGGTTAA

Ctmnb  F'-TGGCTATTACAACAGATT 160 54
R:GGTCCTCATTATATTCACT

Erk F:GCTAATTCACCTGGAGAT 204 58
R:ACGATATAAGGCGAGTTG

Ifnt F:AGAATCCGTCTCTACCTG 129 54
R:TCAGTCAACGAGAACCAC

PCR; Polymerase chain reaction and TM; Melting temperature.

RNeasy Micro Kit (Qiagen®, Germany) was used to
extract total RNA from day 7 blastocysts. The extracted
RNA was used for first-strand cDNA synthesis using the
RevertAid First Strand cDNA Synthesis Kit (Fermentas,
Germany). The cDNA synthesis reaction contained 1
puL random hexamer primer, 1 ul RNase inhibitor, 4 ul
5x reaction buffer, 2 ul ANTP, and 1 ul M-MulV reverse
transcriptase, adjusted to 20 ul using DEPC-treated water.
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The cDNA synthesis was performed at 42°C for 1 hour.
Real-time reverse transcription polymerase chain reaction
(RT-PCR) was carried out using a Rotor-Gene 6000 (Cor-
bet®). Each reaction mixture contained 2 pl of cDNA, 10
ul of SYBR Premix Ex Taq II (TaKaRa, Japan), and 1 pl
of forward and reverse primers (5 uM), adjusted to 20 pl
using dH,O. Expression level of f-Actin was used to nor-
malize target genes. All measurements were performed
in triplicate, and expression levels are reported as 244
(AACT=ACT (a target sample)—ACT (a reference sam-
ple). The list of primer sequences are shown in Table 1.

Embryo transfer

Bakhtiari recipient goats with at least one parturition and
normal appearance and health were selected by an expert
veterinarian and screened for contagious diseases, includ-
ing Johne's disease and brucellosis. The selected goats
had a mean age of about 2-3 years and a mean weight
of 35 kg. They were synchronized with the insertion of
progesterone sponges, containing 40 mg fluorogestone
acetate (Intervet™), and this was considered as day 0.
Then, 500 IU of PMSG (pregnant mare serum gonadotro-
pin), 250 pg of prostaglandin (estroPLAN®, Australia),
and 1000 IU of human chorionic gonadotropin (hCG)
were administered on days 5, 7, and 9, respectively. Six-
teen days post-insertion of progesterone sponges, grade 1
and 2 SCNT blastocysts were selected from SOF or BO
groups; then, two to four blastocysts were transferred to
the synchronized goats using the laparoscopic embryo
transfer technique. The establishment and progression of
pregnancies in the recipient goats were measured using
rectal ultrasound on days 28-38 and abdominal ultrasound
on days 83-113 after embryo transfer, respectively. All the
animals were allowed to undergo normal delivery (20).
Please note embryos from the IVF group were not trans-
ferred, as our aim was SCNT outcomes and not IVF.

Statistical analysis

The Statistical Package for Social Sciences (SPSS) ver-
sion 20 (SPSS Science, Chicago, IL) was used for the
analysis of data. The normality of the data was checked
using the Shapiro-Wilk test. For descriptive results, data
were expressed as mean = SEM. Comparison of average
percentages of the data related to the two media was ex-
amined using an independent sample t test. The differ-
ences were considered statistically significant at P<0.05.

Results

In vitro development of IVF, SCNT, and parthenoge-
netic embryos in two culture media (SOF vs. BO)

In oreder to ssess developmental competency of IVF
and SCNT embryos in SOF and BO, th cleavage and blas-
tocyst rate were compared and the results reavealed that
the rate was not significantly different between the ex-
perimental groups (Fig.1), however, the blastocyst rate in
the BO medium was higher than that of the SOF medium
in the SCNT group (P=0.001, Fig.1).
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Fig.1: The in vitro development of IVF, parthenogenetic, and SCNT embry-
os in the BO and SOF media. The asterisks represent significant differences
(P<0.05). Five replicates and the minimum number of oocytes in each rep-
licate were 50. IVF; In vitro fertilization, SCNT; Somatic cell nuclear trans-
fer, SOF; Synthetic oviductal fluid, BO; Bracket-Oliphant IVC medium, and
IVC; In vitro culture.

Effects of embryo culture medium on the genes
expression of goat SCNT and IVF blastocysts

In the IVF group, Oct4, Bmpri, and Gen5 showed
significantly higher expression in the SOF medium
than in the BO medium. In this group, Akt, Fgfr4, and
Sox2 showed significantly lower expression in the SOF
medium than in the BO medium (Fig.2). In the SCNT
group, Fgfr4d, GenS, Fzd, Ctnnb, Bmprl, and Fgfr4
showed significantly higher expression in the SOF
medium than in the BO medium (Fig.3). On the other
hand, all genes were overexpressed in both media, SOF
and BO (Figs.4, 5).
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Fig.2: The genes expression of goat IVF blastocysts in the BO and SOF me-
dia. The asterisks represent significant differences (P<0.05). Three repli-
cates and the minimum number of blastocysts in each replicate were 5.
IVF; In vitro fertilization, SOF; Synthetic oviductal fluid, BO; Bracket-Oli-
phant IVC medium, IVC; In vitro culture, FGF; Fibroblast growth factor, and
TGFB; Transforming growth factor beta.
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Fig.3: The genes expression of goat SCNT blastocysts in the BO and SOF
media. The asterisks represent significant differences (P<0.05). Three rep-
licates and the minimum number of blastocysts in each replicate were
5. SCNT; Somatic cell nuclear transfer, SOF; Synthetic oviductal fluid, BO;
Bracket-Oliphant IVC medium, IVC; In vitro culture, FGF; Fibroblast growth
factor, and TGFp; transforming growth factor beta.
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Fig.4: The genes expression of goat SCNT and IVF blastocysts in the SOF
medium. The asterisks represent significant differences (P<0.05). Three
replicates and the minimum number of blastocysts in each replicate were
5. IVF; In vitro fertilization, SCNT; Somatic cell nuclear transfer, SOF; Syn-
thetic oviductal fluid, FGF; Fibroblast growth factor, and TGFB; Transform-
ing growth factor beta.
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Fig.5: The genes expression of goat SCNT and IVF blastocysts in the BO
medium. The asterisks represent significant differences (P<0.05). Three
replicates and the minimum number of blastocysts in each replicate were
5. IVF; In vitro fertilization, SCNT; Somatic cell nuclear transfer, BO; Brack-
et-Oliphant IVC medium, IVC; In vitro culture, FGF; Fibroblast growth fac-
tor, and TGFp; Transforming growth factor beta.

In vivo development of SCNT goat embryos

Ultrasound assessment revealed that the rate of pregnan-
cy loss in the BO medium was lower than that in the SOF



medium, but the difference was not significant. Full-term
pregnancy and SCNT efficiency based on live birth per em-
bryos transferd to surrogate mother in the BO group were
higher than those of the SOF group, but the difference was
not statistically significant (P>0.05, Table S2, See Supple-
mentary Online Information at www.ijfs.ir).

Discussion

More than a century has passed since the pioneering work
of Wesley Kingston Whitten (1956), the father of embryo
culture medium (27), and significant progress has been
made in culturing human and, to some extent, domestic
species zygotes to blastocysts and then to embryos (28).
However, recent studies on humans have shown that cul-
ture media composition and assisted reproductive technol-
ogy (ART) procedures affect parturition (29), the weight
of children at birth, and even their health after ART proce-
dure (30). Despite these achievements in culturing human
embryos, there is a need for further research, especially in
culturing embryos from domestic species towards com-
plete epigenetic patterns. The results of our previous work
(23) showed that despite producing a high blastocyst rate
in the IVF- and SCNT-derived from caprine embryos, the
commercial G1/G2 media, containing human serum albu-
min (HAS)-solution, used for culturing human embryos
and tested by mouse embryonic assay, had a negligible
post-implantation developmental competence compared
to that of the SOF medium, a homemade medium sup-
plemented with bovine serum albumin (BSA). This study
was designed to compare the SOF medium with the BO
medium using a single-step medium, containing synthetic
serum (31) replacement, BSA, vitamins, amino acids,
and antioxidants, for culturing parthenogenic, IVF-, and
SCNT-derived caprine embryos. The results showed that
although there was no significant difference between the
groups in terms of the cleavage rate, the SCNT blastocyst
rate was significantly higher in the BO medium compared
to that of the SOF medium (27). Based on the difference
between the requirements of SCNT embryos and those
of the parthenogenic and IVF-derived embryos, it was
concluded that the BO medium was more advantageous
for culturing SCNT embryos. The results regarding the
post-implantation developmental competence of SCNT-
derived embryos revealed that the two media had similar
clinical pregnancy rates. However, the loss of pregnancy
rate was lower in the BO medium compared to that of the
SOF medium; consequently, the full-term pregnancy rate
was higher in the BO medium, but the differences were
not statistically significant and awaits further experimen-
tation. Considering the improved blastocyst rate in BO
medium, this may have important implications, like in
preservation of endangered species (22) or production of
adequate number of blastocysts for production of recom-
binant proteins in milk (23).

To assess the quality of blastocysts derived from these
two media, the relative expression of sixteen genes in
caprine embryos derived from the IVF and SCNT proce-
dures cultured in the SOF and BO media were assessed
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during different developmental pathways, including
pluripotency, fibroblast growth factor (FGF), transform-
ing growth factor beta (TGFp), cell cycle, proliferation,
histone transferase, trophectoderm, and WNT. There were
no significant differences between the two types of em-
bryos (IVF vs. SCNT) in terms of the expression of genes
involved in cell cycle, proliferation, and trophectoderm
signaling. Moreover, in the [VF-derived embryos, among
the genes assessed, three genes, i.e. Akt, Fgfr4, Sox2,
which belong to the FGF and pluripotency signaling path-
ways were down-regulated while another group of three
genes, including Oct4, Bmprl, Gen5, which belong to
the pluripotency, TGFp, and histone transferase signaling
pathways were upregulated in the SOF medium compared
to the BO medium. On the other hand, in the SCNT-de-
rived embryos, the relative expressions of 5 genes, i.e.
Fgfrd, Bmprl, Gen5, Ctnnb, Fzd, out of thel6 genes were
higher in the SOF medium compared to the BO medium.

According to the results of our previous work (32, 33),
during the development of oocyte, zygote, and 8-16 cell
embryos to day 7 blastocysts, of the 16 genes mentioned
above, the relative expressions of 11 genes, including
Oct4, Sox2, Fgfr4, Erkl, Akt, Bmprl, Smad5, Cdc25, Lifr,
Ctnnb, and Fzd, decreased as embryos reached the blas-
tocyst stage and only the relative expression of one gene,
i.e. Cdx2, increased by day 7. These authors also used the
same SOF composition. Therefore, those genes with re-
duced expression can be employed as positive selection
markers to optimize the composition of the medium. In
this regard, it must be noted that among the several cul-
ture media used so far for SCNT and iSCNT embryo cul-
ture in domestic and wildlife species, the SOF medium
has been the most commonly used medium across differ-
ent species.

Despite some specific species differences, Nanog,
Sox2, and Oct4 play a key role in the feedback loops in
mammals. Therefore, any decrease in one of these fac-
tors can result in the up-regulation of one or two of this
triad of factors (34). In this study, Oct4 showed the high-
est expression relative to the reference genes. Therefore,
the high expression of Oc#4 in the IVF group in response
to the decrease in the Sox2 expression was consistent with
what has been reported in the literature, although no such
difference was observed in the SCNT-derived embryos.

The segregation of cell lineages in early embryogene-
sis supports the establishment of pregnancy and the devel-
opment of the fetus (35). The FGF4 ligand during blasto-
cyst formation may induce some responses in neighboring
cellular compartments, and the emerging trophectoderm
(TE) and inner cell mass (ICM) cells may establish a
close relationship. The expression of some ligand recep-
tors, including IL6/IL6R, FGF/FGFR, TGFB/TGFBR,
and BMP/BMPR, may play important roles in the coordi-
nated development of the TE in preparation for implanta-
tion (36). In mice, the FGF4 produced by the epiblast sup-
ported the expansion of the trophoblast stem cell niche.
A similar cross-talk is also operating in the pig embryo,
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where FGF4 has a trophic effect during TE segregation
and elongation, resulting in the formation of a one-meter-
long trophoblast within a few days. In day 3.5 embryo,
when the cells respond to FGF4, the expression of which
is controlled by Oct4/Sox2 in ICM cells, to initiate cell
differentiation into parietal endoderm (PE). The mutation
in the FGF4 gene or its cognate receptors (FGFR1/2) or
the chemical inhibition of FGF/MEK signaling can result
in the inhibition of PE migration in the mouse embryo
(35). In summary, FGF ligand-mediated activation of FG-
FRs may promote a switch in the transcriptional profile of
ICM from Epiblast (EPI)- to hypoblast-associated gene
expression (37). FGF4 appears to be the main mediator of
this segregation in mouse embryos and the lack of it can
result in the enrichment of NANOG. However, this effect
in bovine embryos is not mediated through FGF, and in
the goat embryos, it remains to be defined. In this study,
the expression of FGFR4 in the IVF-derived embryos was
higher in the BO medium compared to that of the SOF
medium. The opposite of this trend was observed in the
SCNT-derived embryos, that is, the expression of FGFR4
was higher in the SOF medium compared to that of the
BO medium. This difference highlights the difference be-
tween the two media used, the difference between the two
procedures applied, and the need for a specific medium
for each procedure.

The embryonic development and regulation of cell
proliferation by Wnts depend on endogenous WNTs, re-
ceptors, signaling molecules, and the regulation of canoni-
cal and non-canonical pathways to fine-tuning the balance
between pluripotency, self-renewal, and cell-fate commit-
ment (38). Similar to our previous observation (32, 33),
the Wnt signaling in the IVF-SOF group was repressed
in the goat blastocysts; this might reflect the poised state
of developmental genes in the goat embryos compared to
the bovine embryos. In this regard, the maintenance of
pluripotency and the inhibition of blastomere differentia-
tion caused a decrease in the rate of blastocyst formation
(39). The results showed that in the SCNT-SOF group, the
expressions of CTNNB and FZD increased and the Wnt
signaling was upregulated. Based on the above findings,
we hypothesized that the endogenous WNTs, receptors,
and signaling molecules may be different between the
IVF and SCNT embryos. Moreover, it can be stated that
Wnt regulation can possibly contribute to SCNT embry-
onic development.

One of the shortcomings of this study is that transcrip-
tomic analysis could have revealed more light on assess-
ing the influence of pathways involved in developmental
reprogramming. In addition to the aforementioned meth-
ods, another approach for comparison of embryo quality
is the assessment of total, inner cell mass, and trophec-
toderm cell number between blastocyst between each
group, which should be considered in future studies.

Conclusion

The only difference observed between the SOF and
BO media was related to the embryo development-to-
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blastocyst rate, which was significantly higher in the BO
medium compared to that of the SOF medium. However,
no significant difference was observed between the two
media in terms of post-implantation developmental com-
petence. Given that mRNA expression of assessed genes
in SOF medium and SCNT embryos was higher than BO
medium and IVF embryos, respectively and in addition
to higher blastocyst rate in BO vs. SOF medium, these
results suggest that BO might be a more suitable choice
for in vitro culture (IVC) of caprine embryos. However,
its effect on post implantation development awaits further
experimentation. This finding is in agreement with the lit-
erature, which has shown that some of these genes are
down-regulated during the blastocyst stage. Considering
that the expression level of any gene has a certain range
and too much or too low expression may have an adverse
effect on , developmental competency, suggest that fur-
ther measures, like epigenetic modification, should be
considered to achieve a higher reprogramming efficiency
in the SCNT procedure. Therefore, further interventions
are needed at different levels to optimize the application
of SCNT technology in IVC media.
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