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Abstract

Few are known about the molecular mechanism controlling the early embryo development. The reduce dimension of
the embryos, only a few pum, the small quantities of proteins synthesized and the artificial environment influence
makes difficult to decode the mechanisms controlling early embryonic stages of development. Although, in the last
few years many genes have been showed to be active in the early embryonic stages of development, only a few have
been characterized and found to be implicated in the molecular mechanism responsible of preimplantational embryos
development. Ped gene (Preimplantational embryo development) is considered to be involved in regulation of
embryonic cleavage division and subsequent embryo survival. This review presents, based on a rich documentation,
the main mechanisms involved in early embryo development.
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1. Introduction

Achievements of molecular biology changed
significant the research perspective in biomedical
field, agriculture and biology. In the last few years
researches regarding the molecular mechanisms
active during the early embryo development have
intensify. The increase number of genes sequence
and registered in different genes banks all over the
world and intensive use of molecular biology
techniques made possible the genes study during
embryonic development. Significant efforts were
made in order to understand the translation and
genes expression during the first stages of
embryonic development wuntil the blastocyst
formation. DD-RT-PCR is a technique based on
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classic PCR method, introduce in the year 1992,
which uses 26 random primers in order to
randomly amplify DNAc sequences isolated from
preimplantational embryos. The amplicons are
visualized in polyacrylamide gel. Different
amplified fragments of the DNAc are than cloned
and sequence. The nucleotides disposal fallowing
sequencing is compared with the existing genes
base. This method allows identification and
characterization of new genes active during early
embryonic development. Genes detection and
molecular mechanism translation and control

during developmental process of
preimplantational embryos is essential for
understanding the process that confer the
advantage of an embryo surviving in the

disadvantage of an other [1]. Researches made
over the years indicated existence of certain genes
controlling the segmentation process during early
embryo developmental stages and maintenance of
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pluripotency state in embryonic stem cells. It
seems that transition from the maternal control of
embryonic development takes place in 2 cells
stage. Starting this stage of development the
protein synthesis is being made under embryonic
genome control, including compactation and
blastocyst formation require information’s
translated from genetic material of the embryo.
The mature oocyte contains high quantities of
ARN, proteins and ribosome’s that are maintained
in part until the blastocyst stage [2]. During the
first 24 hours after fertilization 30% to 40% of the
maternal RNA [3], 70% of the total poly(A)+RNA
[4, 5] and 90% of the histones and actine
messengers RNA is degraded while the embryo
gets to the 2-cell stage. Regarding the protein
synthetic rate, protein turn over or total protein
content, in the first 24 h post-fertilization little
changes were observed which indicates that much
of the mRNA is in a form unexploited for
translation or is used at a very low efficiency [2].
By maternal factors mediation takes place
activation and regulation of the first events
involved in embryo formation and zygotic genome
activation. In mouse the genomic embryo
activation takes place in the two-cell stage early
before the first differentiation at blastocyst stage
[6].

Nowadays are known many active genes during
the early embryo development, but only a few
were identified to be essential for this stage of
development [7].

Early embryonic development and survival
depends on two morphological parameters: rate of
development and degree of fragmentation. Both
parameters are considered to be genetically
controlled by two separately sets of genes: Ped
gene and the genes mediating apoptosis.

2. The Ped (Preimplantational
development) gene

embryo

The Ped gene identified for the first time by
Verbanc and Warner, in the year 1981 is
considered to have a major importance in the
segmentation process of the preimplantational
embryos with influence on their future
developmental capacity [8]. The Ped gene was
located in the Q region of the major
histocompatibility complex (MHC). In mouse, the
MHC complex is located on the 17th
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Chromosome and his length is approximated to be
of 2.6 millions base pairs [9]. The mechanism by
which this gene regulates the developmental
process of the embryo is still under study and was
not fully elucidated [8].

The Ped gene presence is considered to induce the
fast Ped phenotype observed in embryos with
normal developmental capacity, by the time that
her absence induces the slow Ped phenotype. The
gene product named Qa-2, is a protein Ib class of
the major histocompatibility complex, encode by
four tandem genes Q6/Q7/Q8/Q9. In mouse
embryos only Q7/Q9 gene are translated — the
difference between these genes is only of one
nucleotide, which encodes glutamine, in Q7 gene
and the glutamic acid in Q9 gene. In certain lines
of mice, like C57BL/6 line, only the Q9 gene is
transcribed.

The Qa-2 antigen is linked to the cellular surface
by a glicosil-fosfatidil-inositol binding (GPI). This
type of connection allows Qa-2 removal under the
phosphatase C presence, resulting a decrease of
the segmentation rate of the embryos [8].

Studies made on other species of mammals like
swine, bovines, rheus monkeys and humans
indicated also the presence of the Ped gene
phenotype. Researches made for the homolog
genes identification are difficult because the genes
of the major histocompatibility complex are not
highly conserved between species [10]. In the last
few years was succeeded the Ped genes homolog
identifications in bovine and humans (HLA-G)
[11].

Comparing the Qa-2 and HLA-G structures was
observed a high degree of similarity between the
two proteins, the difference was made only in the
bounding type by which the two proteins are
anchored to the cell surface: the GPI binding for
the Qa-2 and a domain fallowed by a short
cytoplasmatic formation of six amino acids for the
HLA-G.

Production of soluble or shed HLA-G by human
embryos seems to be associated with high
pregnancy rates and is thought to be clinical
predictive of the embryo developmental potential
even if is not yet established if the presence of
HLA-G in embryo culture supernatants has a
biological significance or is a general indicator of
embryo competence. Other reports have showed
that HLA-G can be found in the lipid rafts and can
act as a signaling molecule to induce proliferation.
Lipid rafts containing proteins can dynamically
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change their size and composition in response to
different stimuli, creating cell-signaling platforms
in the cell membrane [12].

In figure 1 is presented the schematic
representation of the 17" chromosome structure in
mouse.
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Figure 1. Schematic representation of the
chromosome 17 in mouse
Fragmentation represents the plasmatic membrane
2. Apoptotic events during embryo and of adjacent cytoplasm extrudation in the
development perivitelin space of the embryo. Fragmentation is

Apoptosis is a normal mechanism observed in
almost all cells. The apoptotic process can offer
the information’s needed to explain the cellular
response to stress and to suboptimum cultivation
conditions [13]. Apoptosis is a slow process, with
a variable length, from few hours to several days
depending on the inhibition signal. Apoptosis is a
key element including in embryonic development
and tissue homeostasis.

During the early embryo development apoptosis is
a regulation mechanism which allows the
abnormal cells exclusion, with nuclear and
chromosomal aberration and elimination of those
embryos unable to activate the embryonic
genome. Detection of apoptosis processes has a
big importance for understanding many biological
events. In the early embryos the highest apoptotic
events takes place in the blastocyst stage [14].

The low quality of the embryos obtained after in
vitro fertilization can be considered to be owed to
the low number of viable cells and high incidence
of apoptotic events. The high incidence of
apoptotic events in early embryos represents an
important sign of suboptimum cultivation
conditions either in vivo, either in vitro. The
apoptotic events can be correlated with the
phenotypic appearance of embryo fragmentation.
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a natural phenomenon that appears both in vivo
and in vitro conditions. Intracellular mechanisms

responsible of fragmentation process are not fully
known yet, but are suspected that they are a
consequence of apoptotic events. During early
development the apoptotic events are controlled
by pro-apoptotic (Bax, caspase-9, Bcl-xs, P53,
Caspase-3, Fas) and anti-apoptotic genes activity
(Bcl-w, Bcl-2, Mcl-1) [15]. Genes of the caspase
group control the initiation mechanisms of cellular
apoptosis and the Bcl-2 genes products regulate
the caspase activity [16]. Apoptotic phenomena
can be used as a maker for embryo quality [17].
The quality concept is difficult to define, but is
considered that embryos have a satisfying quality
if the chronological and morphological
segmentation is corresponding to age and the
developmental stage. The most used method for
embryo quality evaluation is the morphological
criteria method. The method has the advantage to
be fast, noninvasive, imply a minor manipulation
of the embryos and inexpensive. At the same time
is very subjective the results being influenced by
the evaluator experience and do not revels
information’s related to the membrane integrity,
metabolic or genetic abnormalities. Apoptosis of
embryonic stem cells is considered to be a
dynamic process influenced by the environmental
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conditions. Molecular mechanisms controlling the
apoptotic events from stem cells are still poorly
understood and generally are only hypothetical.

3. DNA methylation

The fertilization process brings together the
haploid genome of the two differentiated cells, in
to the oocyte cytoplasma. One of the first
activities after the fertilization process is the
reprogramming of the newly formed embryonic
genome to a totipotency state [18].

In majority of the mammalian species the parental
and maternal genomes undergo to specific
epigenetic reprogramming patterns during the
preimplantational development. Epigenetic factors
include both spatial patterns like DNA
arrangement around histone proteins (chromatine)
and biochemical tagging [19].

The parental genome is actively demethylated in
the few hours after fertilization in mouse, rat, pig,
bovine and human zygote, while the maternal
genome is passively demethylated by a
replication-dependent mechanism after the two-
cell embryo stage and subsequently becomes
methylated de novo during post implantational
development [20, 21].

The DNA methylation plays a very important role
in so called epigenetic regulation of gene
expression by mechanisms not directly dependent
on primary structure of the DNA, but maintained
by certain protein and non-protein factors like
histone modification, chromosome territory and
having as a result switching on or off genes [22].
The study o epigenetics focuses on the change in
heritable gene expression that occurs without
changes in the DNA sequence [23].

Remodeling of the chromatin sets within the
zygote and early developmental stages of the
mouse embryos are controlled by the so called
maturation-promoting factor (MPF) present in
high levels in oocytes arrested at metaphase II of
meiosis [20]. In bovine embryos de novo
remethylation starts after 8-16 cell stage and in
mouse remethylation begins only in the blastocyst
stage [21].

During early embryonic development big
modifications in the methylation process take
place and any perturbation during this time can
cause future developmental deregulation [23, 24].
The distinct parental epigenetic marks that are
acquired during gametogenesis are transformed
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into an embryonic epigenetic pattern [20]. During
DNA replication, the cytosine of the newly
synthesized strand is usually symmetrically
methylated by the time the sequence is made.
Alteration of the methylation pattern of the cell
potentially leads to a heritable change that will be
passed from one cell generation to another
generating a distinct cell lineage at the DNA level
[2].

The early stages embryo manifest an autonomus
form of developmental resources by different
products provided by the oocyte and subsequent
from the activation of embryo genome [25].
Despite this autonomy they are highly influenced
by external environmental factors. The
adaptability capacity of the embryo to the
changing environmental conditions can exceed its
own adaptive capacity, resulting in aberrant
embryonic development [18, 26, 27, 28].

The researches made by immunofluorescens
staining showed a 20% abnormal methylation
pattern in two cell stage embryos recovered from
superovulated mouse females, compared to 10%
observed in embryos flushed from non-
superovulated females. Any stressor factor
affecting the embryo during development may
influence gene expression and also alter the
developmental competence of the embryo.

4. Imprinted genes

Within the mammalian genome is expressed only
one subset of genes of the two alleles inherited
from the parents. Genes that have such parent-of-
origin-specific manner of expression are called as
imprinted genes. Studies made have established
that genetic imprinting is highly conserved among
mammals. Around 50 mammalian genes are
considered to be subject to imprinting, many of
them playing key roles in embryonic and extra-
embryonic development [29, 30]. Studies
regarding DNA methylation of the imprinted
genes showed that at imprinted loci exist key
regulatory sequences that are methylated on one
of the two parental alleles only [31]. By this
mechanisms is established the male or the female
germ line which is than somatically maintained
throughout pre and post implantational
development. The non-imprinted gens acquire
methylation patterns at latter embryonic stages
[32]. Because of this temporal difference the
imprinted genes seems to be more susceptible to



Ivan A. et. al./Scientific Papers: Animal Science and Biotechnologies, 2010, 43 (1)

methylation changes that occur as a consequence
of in vitro procedures during preimplantational
development. The imprinted genes can offer new
insights into the mechanisms of gene expression.
Gene imprinting provides a form of control or
regulation of a gene expression.

5. Future perspectives

The complete sequencing of many organisms is
facilitating the development of genome-wide
epigenetic approach and several researching teams
are being established to characterize the human
epigenom. Current approaches to examine the
epigenome can be divided into two categories:
those studying DNA methylation and those
studying histone compositions. More detailed
analysis of specific regions of the genome has yet
to be carried out in order to understand the
developmental consequences of the epigenetic
reprogramming events.

Acknowledgements

This work was supported by CNCSIS —UEFISCSU,
project number PNII — IDEI code 2515, contract no.
1088/2009.

References

1. Warner, C., Newmark, J.A., Comisky, M.,De Fazio,
S.R., O’Malley, D.M., Rajadhyaksha, M., Townsend,
D.J., McKnight, S., Roysam, B., Dwyer, P.J,
DiMarzio, C.A., Genetics and imaging to assess oocyte
and preimpantational embryo health, Reproduction
fertility and development, 2004, 16:729-741

2. Schultz, G., 1986, Molecular biology of the early
mouse embryo, Biol. Bull. 171: 291-309

3. Bachvarovar, and De Leon V., Polyadenylated RNA
of mouse ova and loss of maternal RNA in early
development. Dev. Biol, 1980, 74: 1-8

4. Levey, I. L, Stuw G. B., Brinster. R. L., Poly (A) and
synthesis of  polyadenylated RNA in the
preimplantation mouse embryo, Dev. Biol., 1978,
64:140-148

5. Piko, L., and Clegg K. B., Quantitative changes in
total RNA, total poly (A), and ribosomes in early
mouse embryos, Dev. Biol. 1982, 89:362-378

6. Schultz R.M., From egg to embryo: a peripatetic
journey. Reproduction, 2005, 130 825-828

7. Ovitt Catherine and Scholer H., The molecular
biology of Oct-4 in the early mouse embryo, Molecular
Human Reproduction, 1998, vol.4, no. 11, pp 1021-
1031

287

8. Warner, C. McElhinny A., Wu, L., Cieluch, C., Ke,
X., Cao, W., Tang C., Exley G., Role of the Ped gene
and apoptosis genes in control of preimplantational
development, Journal of assisted reproduction and
genetics, 1998, vol. 15, no, 5

9. Byrne, M.J., Warner, C., MicroRNA expresion in
preimplantational mouse embryos from Ped gene
positive compared to Ped gene negative mice, Journal
of assisted reproduction and genetics, 2008, 25:205-
214

10. Kumanovics, A., Takada, T., Lindahl, K.F,,
Genomics organization of the mammalian MHC, Annu.
Rev. Immunol., 2003, 21, 629-657

11. Comiskey, M., Goldstein, C.Y., De Fazio, S.R.,
mammolenti, M., Newmark, J.S., Warner, C.M,,
Evidence that the HLA-G is the functional homolog of
mouse Qa-2, the Ped gene product, Hum. Immunol.,
2003, 64, 999-1004

12. Comiskey M., Kenneth E.D., Warner C., HLA-G is
found in lipid rafts and can act as signaling molecule,
Human Immunology, 2007, vol. 68, no.1

13. Makare Vich, A. V., Chrenek , P., Massany I, P.,
Lukaé, N., Pivko , J., Apoptosis detection as a tool for
the determination of animal embryo quality, Slovak J
Anim Sci., 2008, vol. 41(4), 2008, p. 153-159.

14. Fabian, D., Koppel, J., Maddox Hyttel, P.,
Apoptotic processes during mammalian
preimplantation development, Theriogenology, 2005,
vol. 64, p. 221-231.

15. Gebreselassie, M., Rings, F., Hoelker, M., Jennen,
D., Tholen, E., Nganvongpanit, K., Besenfelder, U.,
Schellander K., Tesfaye D., Expression of apoptosis
regulatory and incidence of apoptosis in defferent
morphological quality groups of in vitro produced
bovine preiplantational embryos, Conference on
international Agriculture Research for Development,
2006

16. Exley, G.E., Chaoyu, Tang, Abigail, S. McElhinny,
Warner, C.M., Expression of Caspase and Bcl-2
Apoptotic Family Members in Mouse Preimplantation
Embryos, Biol Reprod., 1999, 61:231-239.

17. Fabian, D., Bystriansky J., Makarevich, A.V.,
Chrenek, P., Kopper, J., Variability of apoptosis
incidence in mouse blastocysts in relation to their age
and the type of their derivation, 2009, Slovak J. Anim.
Sci., 42 (4):155-158

18. Duranthon, Veronique, Watsno, A., Patrick
Lonergan, Preimplantational embryo programming:
transcription, epigenetics and culture environment,
Society for Reproduction and Fertility, 2008, 1741-
7899, ISSN 1470-1626

19. McVittie Brona, What is epigenetics, Epigenome
NokE, 2006,

20. Mann, Mellisa and Bartolomei, Marisa Epigenetic
reprogramming in the mammalian embryo: struggle of
the clones, Genom Biology, 2002, 3(2), 1003.1-1003.4



Ivan A. et. al./Scientific Papers: Animal Science and Biotechnologies, 2010, 43 (1)

21. Haff, T., Methylation dynamics in the early
mammalian embryo: implication of genome
reprogramming defects for development, CTMI, 2006,
310; 13-22

22. Salozhin, S. V., Prokhorchunk, E.B., Georgiev,
G.P., Methylation of DNA — one of the major
epigenetic markers, Biochemistry, 2005, vol. 70, no. 5,
641-650

23. Keen, C.L., Hanna, L.A., Lanoue, L., Uriu-Adams,
J.Y., Rucker, R. B., Clegg, M.S., Epigenetics, Trace
Element Metabolism and Development, Journal of
nutrition, 2003, 1477S-1481S

23. Monk, M., Boubelik, M., Lehnert, S., Temporal and
regional changes in DNA methylation in the
embryonic, extra-embryonic and germ cell lineages
during mouse embryo development, Development,
1987, 99, 371-382

24. Dean, W., Bowden L., Aitchison, A., Altered
imprinted gene methylation and expression in
completely ES cell-derived mouse fetuses: association
with aberrant phenotypes, Development, 1998, 125,
2273-2282

25. Schultz, R.M., From egg to embryo: a peripatetic
journey. Reproduction, 2005, 130 825-828

26. Niemann, H., & Wrenzycki, C., Alterations of
expression of developmentally important genes in
preimplantation bovine embryos by in vitro culture
conditions: implications for subsequent development,
Theriogenology, 20005, 3 21-34.

288

27. Schultz, RM., & Williams, C.J., The science of
ART, Science, 2002, 296, 2188-2190.

28. Gao, S, Chung, YG, Williams, JW, Riley, J, Moley
K & Latham, KE, Somatic cell-like features of cloned
mouse embryos prepared with cultured myoblast
nuclei.,Biology of Reproduction, 2003, 69 48-56

29. Byrne, M.J., Warner, C., MicroRNA expresion in
preimplantational mouse embryose from Ped gene
positive compared to ped gene negative mice, Journal
of assisted reproduction and genetics, 2008, 25:205-
214

30. Mundim, T.C.D., Ramos, A.F., Sartori, R., Dode,
M.AN.. Melo, E.O, Gomes, L.F.S., Rump, R., and
Franco M.M., Changes in gene expression profiles of
bovine embryos produced in vitro, by natural ovulation,
or hormonal superstimulation, Genetics and molecular
research, 2009, 8 (4): 1398-1407

31. Razin, A, Shemer, R.,;: DNA methylation in early
development, Hum Mol Genet, 1995, 4:1751-1755.

32. Yoder, J.A., Walsh, C.P., Bestor, T.H., Cytosine
methylation and the ecology of intragenomic parasites,
1997,



