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Abstract

Providing desired in-vitro conditions for maturation of oocytes, fertilisation and embryo development are
necessary to achieve greater success rate in in-vitro embryo production. However maintenance of these
systems are more complicated and challenging than the standard in-vitro culture, this is mainly because
of the difference in the environments where the gametes and embryos have to pass through during their
in vivo development. With the improvement in various culture medium and culture conditions, the
developmental rate of in vitro culture embryos are found to be high, but in majority of the cases zygotes
stop their development within certain cell cycles after the initiation of cleavage. This is mainly because
of the developmental block which arises mostly at the eight-cell stage and it varies with species.
Developmental block is found to have a correlation with the quality of the cytoplasm in the oocyte.
Oocyte is the principle source provider of all MRNAs and proteins that are required by the embryo to
reach fourth or fifth cell cycle. Embryos that are failed to transcribe their own genome cannot develop
further. The present review describes the developmental block, activation of the developmental genes in
embryos and the factors that can assist proper development of embryo.

Keywords: Cell cycle; developmental genes; embryo transcription; genome activation; serum
supplementation

Introduction

In-vitro embryo production advances the developmental of various technologies and these can
be utilized for commercial applications. However the production of embryos is very difficult
and frequency of in vitro embryos reaching the blastocyst stage is very less when compared to
in vivo developed embryos. The main cause behind this includes disability of the embryo to
undergo proper cleavage and developing into blastocyst stage ™. There are several factors
associated with the interference in embryo development, which causes the block in embryo
cleavage, and it mostly occurs during fourth transition or in-between fourth to fifth transition
of cell cycle [,

The contribution of Zebu cattle with regard to in-vitro embryo production is highly appreciable
in both beef and milk herds [* 4. Bos indicus can maintain their productive and reproductive
status even in stressful environmental conditions and they are very well adapted to specific
regions with high humidity and warm weather. Furthermore, Bos indicus cows generally tends
to have an good recovery rate of oocytes ranging from 18-25 oocytes per Ovum Pick Up
section, which is fourfold higher when compared to Bos taurus I, Also, Zebu cattle produces
embryo which differ from taurine cattle that they have high tolerance capacity to
cryopreservation and amount of lipid in embryos. In addition to the difference in number of
antral follicles, both zebu and taurine cows differ in various aspects like

1. Size of the follicles [©],

2. Concentration of Insulin and Insulin-like growth factor 1(IGF-1) '],

3. Concentration of Progesterone ! and

4. Manifestation of oestrus [,

Nowadays the success rate of production of IVF embryos is tremendous higher when

compared to previous days. Still, the number of IVF embryos which are going to be implanted

in the uterus (embryo implantation) are very less when compared to the actual number of

embryos produced. The main reason behind this strategy may be a developmental block.

Generally once when the embryo is formed, it has to go for various cell divisions, epigenetic
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reprogramming, compaction, embryonic genome activation,
compaction, differentiating onto the cell types and blastocoel
cavity development [* 1, Among the above mentioned events,
activation of embryonic genome is highly crucial and
demanding. Once when the embryonic genome is activated,
which occur primarily during eight — sixteen cell stage in case
of bovines, embryo is totally dependent on the new transcripts
which are produced by the nucleus to continue their
development 24,

The embryonic genome activation is very much essential,
which happens predominantly at particular transition period
mentioned in the table | for particular species. At this stage,
embryo solely depends upon the transcripts which are
synthesized by the nucleus to continue their development 111,
Those embryos which fail to attain this stage, won’t subsist
beyond the eighth cell stage, this occurrence is called as
Developmental block.

Table I: Developmental Block at Different stages in different

Species
Species | Transition stage- cell cycle References
1 | Bovine Fourth (8-16) (14]
2 | Rabbits Fifth Reviewed by @
3 |Humans Third- Fourth (4-8) 20]
4 | Murine Second(2) [21]
5| Cats Fourth 122
6 | Porcine Third (4) 23]
7 | Ovine Fourth (8-16) [24]
8 |Bubaline Fourth (8-16) [25]

Proteins and mRNAs present within the oocyte are necessary
for the early embryonic development. Development of the
embryos is activated by fertilisation, which ensures cleavage.
Up to 4 cell stage of cleavage, it is synchronous in nature.
Decline in protein synthesis is noticed from 1- cell to the 8-
cell stage. Activation of Ribosomal RNA synthesis is active
by the last 8- cell stage 4. Table Il indicates the number of
cell cycle with associated changes observed in embryos.

Table 11: Cell cycle with associated changes in embryos

Cell Cycle Changes observed
1%t cell cycle Long with distinct G1 and G2 phases
2" cell cycle | Fails to demonstrate any appreciable gap phase
d Cleavage becomes asynchronous
3" cell cycle - o .
Embryonic transcription begins
4™ cell cycle Major change in protein pattern

Activation of Developmental genes in Buffalo Embryo
genome

For the initiation of transcriptional activation of genome,
embryos must overcome a transcription repression state that is
mainly because of chromatin. The process of earlier phase of
transcription should takes place in a minor sections of
chromatin that are remodelled, this phenomenon can be
observed in de-condensation for the substitution of
protamines by histones in sperm chromosome 3. As
discussed before, the major transition of maternal-embryo
side is mostly occurring in fourth stage of cell cycle in case of
bovine embryos. Hence, various genomic techniques can be
used at this stage to characterise the activated genomic
products. Various group of scientists are ding extensive
research at this stage with various techniques like real-time
PCR, array technologies, sequencing and subtractive
hybridisation and sequencing and various other techniques.
The principle aim of doing all this research activities is to
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identify gene transcription pattern that are necessary for the
activation of genome. With the advances in biotechnology,
various other advanced approached are being handled now
that includes transcriptomics etc.

The identification of candidate genes that follow the specific
genome activation has to be further validated with the
necessary techniques like quantitative real time PCR during
respective cell cycles, so that the specific time period of
transcription activation can be assessed. If the candidate gene
or transcript is found to have some relationship with the
embryo quality, then the association between variations in the
amount of the specific transcript and the developmental
potential of embryo has to be demonstrated. Currently, a
number of potential genes have been identified that are having
relation to early embryonic development and genome
activation by different group of scientific researchers.

Factors associated with proper development of buffalo
embryos

Care should be taken during preparation of media, so that the
components of media should regulate the proper osmolarity
and desired ionic content, also use purified cell culture grade
water for media preparation. This helps in overcoming or
reducing the developmental block. Incompetence to overcome
the repression of chromatin, transcriptional activation of
essential  developmental genes and to respond to
environmental created injuries are also responsible for
causing developmental block 4, During follicular growth of
the ovaries, the accumulation of maternal reserves in the
oocyte and further loss of these maternal reserves during
aging of oocyte and embryo cleavages causes tremendous
changes in developmental capacity. Embryos which are co-
cultured have very slower developmental rates, however in
case of embryos which are having prompt developmental
rates have superior developmental potential. This specific
phenomenon is mainly because of the inherited cytoplasm
quality and having some correlation with maternal zygotic
transition.

Effect of
development
Fetal Calf Serum (FCS) can be added to the culture medium
and the extensive studies give an indication that FCS can
affect the viability of embryos. Although it has got a negative
impact associated with the embryo viability, FCS is used
extensively in in-vitro embryo production, because it provides
higher degree of blastocyst formation %1,

The adverse deleterious effects caused by FCS to embryos
include

serum supplementation on embryonic

a. Modifications in expression of various genes 6]

b. Induction of apoptosis or Programmed cell death [27]
c. Altered structure of mitochondria [*°1 and

d. Accumulation of lipids [*7],

The above-mentioned findings indicate the involvement of
FCS in DNA fragmentation and blastomere apoptosis, and
possibly the developmental blockage of embryos. Another
possibility is that the culture medium which is supplemented
with FCS can stimulate various factors which are associated
with programmed cell death or apoptosis which includes
apoptosis- inducing factor (AIF), which is highly required for
the formation of blastocoel [*8l. Because of this apoptosis
initiated by FCS, development of complete blastocyst is
hampered. In relation to FCS, utilization of Bovine Serum
Albumin (BSA) in culture medium can lead to the production
of good quality embryos, since BSA is an essential protein
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which is derived from serum. Thus, in a comparison, FCS can
cause deleterious effects to the developing embryos; both the
quantity and quality of developing embryos will be hampered.
Supplementation with 10% FCS during the culture period
decreases blastocyst rates and the quality of the embryos
produced, thus reducing the number of cell cycles completed
as well as hatching ability. Lastly, fast-cleaving embryos
exhibit higher blastocyst rates, and the speed of development
appears to be negatively associated with programmed cell
death and the blocking of embryo development [9. These
type of studies will further help in clear understanding of
developmental block in embryos that aids in better production
of quality in vitro embryos.

Conclusions

As per the discussion in the review, genomic techniques play
an crucial role in understanding the various molecular
mechanism that are associated with the activation of genome
in the developing embryos. These genomic techniques can be
combined with the different recent developmental approaches
of reproductive biotechnologies like transcriptomics, gene
slicing etc. which will help in the remodelling of normal
embryo physiology. These research activities will help in
finding out various genes or transcripts and mechanisms that
are responsible for proper development of embryos. This
further helps in the conservation of various crucial species
that are critically affected with this developmental block.
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