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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 µm, 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. 1Significant efforts were 
made in order to understand the translation and 
genes expression during the first stages of 
embryonic development until 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 embryo 
development) gene  
 
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  

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 17th chromosome structure in 
mouse. 
 

 
 
 
 
 
 

  

 
Figure 1. Schematic representation of the 

chromosome 17 in mouse 

 
2. Apoptotic events during embryo 
development 
 
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. 

Fragmentation represents the plasmatic membrane 
and of adjacent cytoplasm extrudation in the 
perivitelin space of the embryo. Fragmentation is 
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 

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 
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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.  
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