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embryos, parthenogenesis and in
vitro fertilization: a comparison

Clonaciéon manual de embriones
bovinos, partenogénesis y fertili-
zacion in vitro: una comparacion
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ABSTRACT

The handmade cloning and parthenogenesis as a
control leads to the possibility of studying
biological processes such as cell reprogramming,
epigenetics, embryo genome activation and pre-
and post-natal development. The objective of this
study was to standardize the process the hand-
made cloning (HCM) and to compare the resul-
tant embryo production with parthenogenesis
and in vitro fertilization (IVF). The primary
fibroblast culture was established from explants
of ear, the manual cloning technique was stan-
dardized with this fibroblast and 10 processes to
cloning, parthenogenesis and fertilization in vitro
were performed, and the compared production
and embryo quality was performed by an
ANOVA. An in vitro culture of fibroblast cells
was established with optimal characteristics,
allowing the genetic material to be used in the
process of cloning. The parthenote group without
zona pellucida (ZP) exhibited a higher cleavage
rate compared with the other groups of
parthenotes with ZP and IVF embryo (p<0.05).
The number of blastomeres was greater in the IVF
(109.81+11.70) compared with the parthenote
with ZP (73.73+7.09), without ZP (78.16+7.65) and
clone (CL, 77.5+8.23) groups. Embryo production
in the CL, ZP, without ZP and IVF groups was not
significantly different (29.7, 37.6, 33.8 and 35.2%
respectively). The HCM technique was success-
fully standardized in the laboratory. The resultant
embryo production was similar between hand-
made cloned embryos, parthenogenesis and in
vitro fertilization. The findings of this work give
rise to different routes for studying embryology
and contribute to the optimization of this tech-
nique for commercial purposes.
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INTRODUCTION

The most popular method used to create clones is
somatic cell nuclear transfer (SCNT), which

RESUMEN

Los procesos de clonacion y controles partenoge-
néticos se presentan como una herramienta para
el estudio de procesos biolégicos, tales como
reprogramacion celular, epigenética, activacion
del genoma embrionario y crecimiento pre y
posnatal. El objetivo de esta investigacién fue
estandarizar el proceso de clonacién manual
(CM) en condiciones locales y comparar tasas de
produccién y calidad embrionaria entre clones y
embriones obtenidos por partenogénesis y
fertilizacion in vitro (FIV) en bovinos. El cultivo
primario de fibroblastos se estableci6 a partir de
explantes de oreja, con dichos fibroblastos se
estandariz6 la técnica de clonacién manual y se
realizaron 10 procedimientos de clonaje, parteno-
génesis y fertilizacion in vitro, la comparacién de
la produccién y calidad embrionaria se realizé
por medio de un ANOVA. Se obtuvo un cultivo
de fibroblastos con caracteristicas éptimas para
ser usados como donantes del material genético
necesario para el proceso de clonacién. El grupo
partenotes sin zona (PSZP) tuvo un mayor clivaje
comparado con los demds grupos (p<0,05). La
produccién de blastocistos entre clones CL,
partenotes con zona PCZP, PSZP y FIV no
presento diferencia estadisticamente significativa
29,7, 37,6 33,8 % y 35,2 % respectivamente. El
numero de blastomeras fue mayor para el grupo
FIV (109,81+11,70) con respecto a PCZP
(73,73+7,09), PSZP (78,16+7,65) y CL (77,5+8,23).
Se estandarizé la técnica de CM y se obtuvo una
tasa de produccion similar en todos los grupos, lo
que abre posibilidades infinitas de investigacién
para el entendimiento de procesos bioldgicos de
desarrollo embrionario, ademaés de contribuir a la
optimizacién dela técnica con fines comerciales.

PALABRAS CLAVE

clonacién - partenoto -fibroblasto

requires the use of micromanipulators, qualified
personnel, and large investments in equipment
(Wilmut et al., 2002, Lewis et al., 2005). New
methods for cloning have been developed with
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the aim of increasing the use of this methodology
and decreasing the costs associated with it,
leading to a technique known as manual cloning
(MC). The advantage of MC is that it can be
performed without the use of micromanipulators
for the enucleation and transfer of donor cells
(Vajta and Gjerris, 2006).

Both HMC and SCNT result in acceptable rates of
embryonic production, similar to those obtained
through in vitro fertilization (IVF) (Campbell,
2007). Nevertheless, the percentages of bovine
pregnancy and live births achieved using these
techniques are still very low (Paterson et al., 2003;
Rodriguez-Osorio et al., 2012). As a result, the
scientific community has stressed the need to
understand the diverse factors that affect these
processes, resulting in wide ranging efforts to
simplify and standardize cloning techniques.
One of the factors that most significantly affects
the success of cloning is the type, lineage, and
condition of the nuclear donor cell (Galli et al.,
2004; Powell et al., 2004; Hoffert et al., 2005). The
fibroblasts are most often used in mammalian
cloning due to the ease of their collection and
propagation (Oback and Wells, 2007). It is of the
utmost importance that each laboratory that seeks
to standardize and establish cloning protocols has
aclear understanding of all of those factors.

In the MC the oocytes are highly manipulated
and subjected to processes that can run counter to
their cellular viability. It is therefore critical to
apply parallel techniques, such as the production
of parthenogenetic embryos, ultimately resulting
in control over the quality of the selected oocytes
and their capacity to be chemically activated and
to allow early embryonic development (Kharche
and Birade, 2013).

Due to the relative ease of execution and low cost
of MC, this technique has been proposed as a
desirable alternative to research cloning in
Colombia, and its future implementation at the
commercial level has been suggested. The
objectives of this study were to establish the
conditions and standardize the protocols neces-
sary for performing manual cloning in Colombia
and to compare production rates and embryonic
quality between embryos produced through MC
against those obtained via in vitro fertilization and
through parthenogenesis.

MATERIALS AND METHODS

Location

Samples were collected in the slaughter house
facility, located in the town of Bello — Antioquia;
live animals were not manipulated in this
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process. All the procedures were performed in
the embryology laboratory Biogenesis research
group at the Antioquia University.

Generation of primary cultures of fibroblasts
Fifteen heifers' ears were recovered from a local
animal slaughter house. The tissues were
transported in PBS with a 10% solution of
streptomycin-penicillin-gentamicin (SPG). After
washing and plucking each of the ears, the tissue
was cut into slices (~3 mm thick), transferred to a
6-well plate (4-5 slices per well) containing 1 mL
of DMEM (Dulbecco’s Modified Eagle Medium)
culture medium supplemented with 10% fetal
bovine serum (FBS, Gibco, NY, USA) and 1%
SPG. The slices were incubated at 38.8 °C under
5% CO, and 90% relative humidity. When plates
reached >90% confluence, which occurred
approximately 2 weeks after culturing, the
explants were removed, and the cells were
detached using 0.25% trypsin and 5 mM EDTA
for2-3 minutes. The cells were then transferred to
a T25 culture flask and were frozen in medium
composed of DMEM supplemented with 20%
SBF and 10% DMSO in 0.25 mL straws at a
concentration of 30.000 cells/straw for later
reconstruction via MC. The straws were then
stored inliquid nitrogen (-196 °C) (Figure 1).

Cellular viability.

During the transfer and freezing-unfreezing
process, cellular viability was determined using
0.4% trypan blue in a 1:1 solution. The number of
living (unstained) and dead (stained) cells was
evaluated (Freshney, 2005; Hall et al., 2006).

Standardizing manual cloning

Invitro maturation (IVM)

Oocytes were aspirated from ovaries of cows
sacrificed at a local animal processing plant. The
ovaries were transported in sterile 0.9% saline
solution at 30 °C. Follicles between 2 and 7 mm in
diameter were aspirated with an 18-gauge
needle. The follicular liquid was placed in 15 mL
conical tubes and was allowed to decant for 20
minutes. Cumulus-oocyte complexes (COCs)
with homogenous ooplasm, round morphology,
and a minimum of three layers of flattened
granulosa cells were selected for in IVM.
Maturity was carried out in 70 uL of TCM-199
maturation medium supplemented with 10%
FBS, 24.9 mM pyruvate, 1 png/mL LH and 20
ng/mL FSH. Twelve oocytes were placed in each
drop and were incubated under 5% CO, at 38.8 °C
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and 90% humidity for 20 hours.

After 20 hours, cumulus expansion was evalu-
ated visually, and two groups of cells were
retrieved to initiate parthenogenesis and cloning.
The remaining oocytes were inseminated as
stated below.

Invitro fertilization (IVF)

Cryopreserved semen from a single bull was
used for all replicates, it was thawed in water at
35 °C for one minute, then placed in sperm-TALP
medium (Parrish et al., 1988) and centrifuged to
remove the excess freezing diluent. The sample
was re-suspended in fertilization medium (fert-
TALP) supplemented with 12 uL/mL heparin, 45
pL/mL PHE (penicillamine-hypotaurine-
epinephrine), and 24.9 mM pyruvate and then
centrifuged a second time. After adjusting the
final concentration to 1-2 x 10° spermatozoa/mL,
a 10 pL aliquot was deposited in each 50 pL drop
of fert-talp medium containing oocytes.

Parthenogenesis

A portion of the mature oocytes (20-50/per
replicated) possessing polar bodies (PB) but
lacking cumulus cells were selected. The oocytes
were divided into two groups. The first was
deposited in drops of base medium (TCM199
Sigma M-2520 + 2.63 mM NaHCO, + 24.9 mM
pyruvate +10% FBS +1XPenicillin / streptomy-
cin) (BM) for six hours. The second group was
placed in drops of BM plus 0.5% pronase-E
(protease) in serum-less BM plus 0.01% PVA
(Polyvinyl alcohol); to degrade the ZP, the
oocytes were removed from this medium when
20 to 30% showed thinning or deformation at the
zona. Both groups were chemically activated in
drops of BM containing 5 mM ionomycin for 5
min, then incubated in CR2 medium with 2%
FBS, 0.3% BSA and 2 mM 6-dimethylamino-
purine (6-DMAP) under oil for 4 hours and
transferred to culture in vitro. The parthenotes
lacking a zona pellucida were cultivated under
the “well of the well” (WOW) system and were
prepared with a 4-well plaque containing 400 nL
of CR2 medium and 200 puL of mineral oil in each
well; small punctures were made at the bottom of
each well to create the microwells. The
parthenotes with a zona pellucida were culti-
vated ina well containing only CR2 medium.

Obtaining cytoplasts

Twenty hours after IVM, the COCs were stripped
using a soft pipette. Oocytes in which the first PB
had already divided out were selected and

washed in drops of BM. The oocytes were then
incubated for one hour in drops of BM plus 10
g/mL demecolcine to induce nuclear protrusion
and perform enucleation. The ZP was removed
by exposing the oocytes to 0.5% pronase in
serum-less BM plus 0.01% PVA. A total of 1 to 2
oocytes lacking the ZP were placed in microdrops
of 5L of BM plus 5 mg /ML cytochasalin B (CCB)
covered in mineral oil (60-80 drops/plaque). The
oocytes were divided based on the visualization
of protrusion, attempting to remove as little
cytoplasm as possible. Division was performed
with an Ultra Splitting Sharp blade (Bioniche,
Montréal, QC, Canada) (Figure 2).

Embryonic reconstruction

A 100 mm Petri dish was prepared with 4-5 drops
of BM and 3 drops of serum-less BM and 500
ng/mL PHA (phytohemagglutinin). One drop of
BM received approximately 10 cytoplasts, while
another received the fibroblast suspension
previously subjected to treatment with 0.25%
trypsin and washed with BM. A total of 4-6
cytoplasts were transferred to a drop of PHA, 2-3
of which were later transferred to the cellular
suspension, where a sealed capillary tube was
used to carefully guide each cell toward a single
round cell (fibroblast) until they merged. The
cells were subsequently returned to the drop of
PHA, where each duet (cytoplast-cell) was
deposited close to a single cytoplast until a triplet
was formed (cytoplast-cell-cytoplast) (Figure 2).

Electrofusion and activation

Each triplet (cytoplast-cell-cytoplast) was
horizontally oriented in a BLS fusion chamber
(GSS-250, 250 pm distance between electrodes)
covered in ME (fusion medium). Two 1 kV/cm
square-wave pulses were administered at 20
ps/pulse to fuse the membranes using a BLS
CF.150B electrofusor. The presumed zygotes
were removed from the chamber, then washed in
drops of BM and individually incubated in ~5 uL
drops of BM under mineral oil for 30 to 45
minutes; the fusion rates were evaluated visually
by verifying the formation of a single structure.
Within 26-30 hours of the initiation of IVM, the
presumed zygotes were activated chemically in
the same way as in the parthenogenesis proce-
dure (Figure2).

Inwvitro culture (ICV)

After activation, the presumed zygotes were
washed a number of times in CR2 culture
medium containing 0.374 mM pyruvate, 5% FBS
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and 50 mg/mL BSA and cultured using the
WOW system. An embryo was deposited in each
well and cultured at 38.8°C under 5% CO, and
90% relative humidity for 7 days (Figure 2).

Evaluating development rates

After 72 hours of culture, the rate of cleavage was
visually evaluated, taking into account zygotes
with as little as one division (2 cells). On day 7, the
embryo production rates of all four groups
(clones, parthenotes with and without a zona
pellucida and IVF embryos) were evaluated,
taking into account the states of development
from the morula to the expanded blastocyst. The
states of development and the quality of embryo
morphology were evaluated according to the
guidelines of the IETS (Stringfellow and Seidel
1998) (Figure 3).

Staining to determine number of blastomeres.
Embryos from all groups were fixed in 70%
alcohol and subjected to staining with 10 pg/mL

>
-IZ:>
e

Hoechst stain for 5 min to determine the total
number of blastomeres. Counting was per-
formed under a Zeiss fluorescent microscope. To
minimize error, two researchers performed the
procedure twice each, and their values were
averaged to provide a blastomere count for each
embryo (Figure 4).

Unless otherwise specified, all of the reagents
listed above were from SIGMA Aldrich, St.
Louis, MO, USA.

Data analysis

The Saphiro-Wilk and Levene tests were used to
check for normality and homogeneity of vari-
ance, respectively; post hoc ANOVA was
performed to determine differences in the
average percentages of cleavage, number of
embryos, and number of cells among the clones,
parthenotes, and IVF embryos. The data were
analyzed with IBM SPSS Statistics version 22.0.

B
b

Figure 1. Primary fibroblast culture. A. Explant culture of bovine ear cartilage, sliced at a thickness of ~3 mm. B. 40X magnification of
abovine fibroblast culture. C-D. Freezing the fibroblasts using 0.25 mL straws. E. Visual evaluation using trypan blue (the
white arrow indicates a living cell and the black arrow a dead cell).

Figura1l. Cultivo primario de fibroblastos. A. Cultivo explante de cartilago de oreja bovina, partes de ~3 mm de espesor. B. Cultivo
de fibroblastos bovinos, magnificacién 40X. C-D. Congelacién de fibroblastos bovinos usando pajuelas de 0.25 mL E.
Evaluacién visual, usando azul de tripano (la flecha blanca indica una célula viva y la flecha negra una célula muerta).
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Figure 2. Standardizing the manual cloning process. A. Oocytes 20 h after the initiation of IVM. B. Stripped oocytes. C. Oocytes with
no zona pellucida. D-E. Enucleation. F. Nuclear donor fibroblasts. G-H. Reconstruction. H: Triplet (cytoplast-cell-
cytoplast). I-]. Electrofusion. K. Triplet Fusion. Thebracketindicates the transition to culture.

Figura 2. Estandarizacién del proceso de clonacién manual. A. Oocitos después de 20 h de la iniciacién de la MIV. B. Oocitos sin células de
la granulosa. C. Oocitos sin zona pelticida. D-E. Enucleacién. F. Fibroblastos donantes de nticleo. G-H. Reconstruccién. H: Tripleta
(citoplasto-célula-citoplasto). I-]. Electrofusién. K. Fusién de la tripleta. El corchete indica el paso al cultivo.

Figure 3. Cleavage and production of embryos. A. Clone cleavage. B. Cleavage of parthenotes with a ZP. C. Cleavage of parthenotes
lacking a ZP. D. Cloned embryos outside of microwells. E. Parthenogenetic embryos with a ZP. F. Parthenogenetic
embryoslackinga ZP.

Figura 3. Clivaje y produccion de embriones. A. Clivaje de un clon. B. Clivaje de un partenoto con ZP. C. Clivaje de un partenoto sin
ZP. D. Embriones clonados fuera de los micropocillos. E. Embriones partenogenéticos con ZP. F. Embriones
partenogenéticos sin ZP.
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Figure 4. Evaluation of cell numbers via fluorescent Hoechst staining. A. Cloned embryo. B. Parthenogenetic
embryo with a ZP. C. Parthenogenetic embryo lacking a ZP. D. Embryo produced through IVF. All

panels are at 10X magnification.

Figure 4. Evaluacién del niimero de células por fluorescencia, tincién con Hoechst. A. Embrién clonado.
B. Embrién partenogenético con ZP. C. Embrién partenogenético sin ZP. D. Embrion producido
por fertilizacién in vitro FIV. Magnificacién 10X.

RESULTS

Primary cell culture

After creating 15 sets of heifer ear cartilage
explants over six months, a culture of viable
fibroblasts to be used as nuclear donors for the MC
procedure was produced. The cells were able to be
stored by freezing with DMSO in liquid nitrogen
until they were needed for the cloning procedure.

Invitro embryo production

In the Table 1 provides a summary of the in vitro
embryo development observed over 7 days.
Cleavage in the group of parthenotes with no zona
pellucida was significantly different from that in
the other groups (cloned embryos, parthenotes
with a zona pellucida, and IVF embryos). There
was no significant difference in the percentages of
embryos produced among the groups.

Table 1. Development of bovine embryos produced through manual cloning, parthenogenesis and in vitro fertilization
Tabla 1. Desarrollo de embriones bovinos producidos mediante clonacién manual, partenogénesis y fecundacién in vitro

N. Oocytes / Oocytes

Production of

Groups reconstructed Cleavage (%) embryos (%)
Clones 165 76.73 + 4.58P 29.72 +£3.14
Parthenotes with zone 201 75.23 + 3.32b 37.64 +2.76
Parthenotes without zone 187 89.37 + 2,642 33.88 £ 3.04
IVF 898 75.32 + 2.41b 35.22 +2.79

ab Different letters between the rows indicate statistically significant difference p<0.05
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Embryo quality

A total of 56 embryos were processed and ana-
lyzed to determine the total number of
blastomeres. The average number of cells per
embryo in each group is shown in Table 2. The
number of blastomeres in the IVF group was
statistically significantly different with respect to
the other groups.

Table 2. Embryo quality. Number of cells per embryo pro-
duced through manual cloning, parthenogenesis
and in vitro fertilization.

Tabla 2. Calidad del embrién. Nimero de células por
embrién producido mediante clonacién manual,
partenogénesis y fecundacién in vitro.

Promedio de

Groups blastomeras (n°)
Clones 77.5+8.232
Parthenotes with zone 73.73+7,09a
Parthenotes without zone 78.16+7.652
IVF 109.81+11.70°

DISCUSSION

Individual laboratory conditions and in vitro
production systems can influence parameters
such as morphology, physiology, and develop-
ment in both clones and IVF embryos (Farin et al.,
2004; Vatja and Gijerris 2006) According to the
results of the present study, we achieved stan-
dardization in the production of clones through
manual cloning, or “handmade cloning”, under
specific local conditions, from the creation and
storage of primary fibroblast cultures to obtain-
ing viable transferable blastocysts.

The first phase of this standardization process
consisted of obtaining cultures of somatic cell
nucleus donors. Fibroblasts were chosen for this
purpose due to the ease of obtaining them and
their high in vitro proliferation. To date, viable
offspring have only be produced from 12 types of
differentiated tissues, even though over 200 cells
donors types exist in mammals (Oback and
Wells, 2007) Somatic cells have been obtained
from various organs and cells, such as mammary
glands, cumulus cells, oviducts, ears, skin, mus-
cles, livers, tails, and Sertoli cells (Campbell,
2007). These various types of tissue appear to
present differences in offspring generation.
Fibroblasts are the most commonly used cells in
mammalian cloning, as they are unspecialized
mesenchymal cells capable of extensive prolifer-
ation, tissue repair, and differentiation into a
variety of other connective tissues, such as bone,
cartilage, and muscle (Oback and Wells, 2007;
Daniel et al., 2008). The use of these cells has also

become widespread due to the ease of their col-
lection and propagation in culture.
Parthenogenetically activated embryos serve asa
good control for the in vitro system of production,
emphasizing the use of suitable media to satisfy
their nutritional needs during the different stages
of the development of presumed zygotes and
future embryos. In this study, the parthenoge-
netic embryos whose zona pellucida was
removed before activation showed a significant
increase in their percentage of cleavage relative
to embryos that retained the zona, cloned
embryos, and in vitro fertilized embryos (p<0.05),
though this did not have an effect on subsequent
blastocytic development.

These results are not consistent with other stud-
ies, in which there were no significant differences
in the kinetics of development observed during
the first rounds of cleavage (Paffoni et al., 2008;
Miyauchi, 2012). However, it has been suggested
that the first divisions after activation of the
oocyte depend specifically on the content inher-
ited by the oocyte, with little participation from
the spermatozoon. In another study, Gomez et al.
(2009) contrary to what was reported here, a sig-
nificant difference was found in the rate of initial
development in embryos produced using IVF,
suggesting that many biological aspects of par-
thenogenetic embryos are still unknown, consti-
tuting a potential subject for future research.

One of the more interesting results of the present
study was the observed percentage of bovine
clone embryo production, as a higher percentage
of blastocytes was obtained compared with other
studies (29% vs. 19%) (Forell, 2008). This percent-
age was not statistically significantly different
from that in the group of embryos generated
through in vitro fertilization, which was between
30 and 35%, typical of commercial levels (Barreto
de Almeida, 2008). This comparison represents
an important finding, as there are few studies
thathave compared cloning techniques with IVF,
which has been used successfully at the commer-
ciallevel for many years.

Determining the number of cells that make up the
embryo (blastomere) is usually considered indic-
ative of the quality and viability of the embryo.
Human studies suggest that the cellular mass that
forms the blastocyst is indicative of its implanta-
tion potential (Dumoulin et al., 1999). In the pres-
ent study, the number of blastomeres in the
blastocytes formed following IVF was signifi-
cantly greater than in the embryos activated par-
thenogenetically and in the cloned embryos
(109.8vs.73.7,78.1 and 77.5). The observed values

Revista RicBA 1(1): 9-18, 2017 - ISSN: 2521-5485 15



Handmade cloned bovine embryos

Gomez et al.

are equivalent to or greater than those obtained in
other studies in both in vitro fertilized embryos
and cloned bovine embryos (Totey et al., 1996;
Figueiré et al., 2002). This indicates that the
applied system of production is efficient in both
the production of blastocytes and the obtained
embryo quality, defined based on the number of
blastomeres (Im et al., 2006). The smaller number
of blastomeres found in parthenogenetic
embryos and clones could be due to their requir-
ing a greater number of or additional nutrients in
the developmental media. Another possibility is
that the greater amount of manipulation the
oocytes undergo during the procedure, as they
are exposed to high stress conditions (protein
degradation, cytoplasm removal, exposure to
different chemical components and electrical
shock), could be detrimental to their develop-
ment and might be reflected in the lower number
of blastomeres in these embryos.

Although the primary objective of this study was
to use parthenogenetic embryos as the control for
measuring the quality of cloning, the results pro-
duced in the group of embryos generated using
parthenotes lacking the zona pellucida paves the
way for future research on embryo quality, such
as that reported recently (Hirayama et al., 2014).
This study demonstrated that the transfer of
embryos fertilized in vitro, along with parthenoge-
netic embryos, could aid in maternal recognition,
with increased INT-tau production being
observed until day 40 of gestation, in addition to
generating investigations into MC transgenesis,
such as that conducted in goats (Pereira et al., 2013)
The in vitro production of bovine embryos has
become a pioneering biotechnology for genetic
improvement. However, due to pressure from
various public and private institutions, there are
few published reports with statistical validation,
and research on this subject in some places like
Colombia is scarce compared with other countries
(Restrepo, 2008). As of this writing, there is only
one available report on the cloning of buffalo using
SCNT for commercial ends, which was performed
in a different Colombian department (Santander).
The authors reported a 23% pregnancy rate (3/13
clones transferred) for over sixty days with a per-
fect developmental state in April 2014.

CONCLUSIONS

As conclusions and future directions, it is pro-
posed that manual cloning is an efficient and
relatively simple alternative to traditional
embryogenetic techniques that require the use of
micromanipulators. This particular biotechnol-
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ogy provides promising prospects for molecular
research on genetic reprogramming and for
studying genetic expression, epigenetics, and
optimization techniques for commercial and
research goals (Taylor-Robinson et al., 2014).

This study contributes to the development of
innovation, differentiation, and improvement
processes at the level of assisted bovine reproduc-
tive biotechnologies, providing scientific support
for increasing knowledge nationwide under local
conditions. Additionally, these results demon-
strate an efficient system, establishing the mini-
mal conditions for performing MC and opening
the door to futureresearch into cloning.

In this regard, efforts to conduct new research
into assisted reproductive biotechnologies
should be directed toward optimizing existing
procedures, for example, establishing somatic
cell cultures from donor animals from whom
biopsies are obtained in the field, perfecting
oocyte maturation and enucleation processes for
cloning and parthenogenesis, and improving
fusion, activation, and culture temperature
parameters for the embryos.

Future research directions could include study-
ing why the presence of the zona pellucida or lack
thereof influences embryo development in vitro,
or why there are differences in gene expression
that could influence the development of in vitro
fertilized, parthenogenetically created (with or
without zona pellucida), and cloned embryos.
(Ganadero, 2014)
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