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ABSTRACT Bioinformatics tools have been recently applied to study the differentiation of the mammalian oocyte during folliculogenesis. In this review, we will summarize our knowledge of 1) the
use of biological databases for the extraction of relevant information, 2) bioinformatics methods
for knowledge extraction and representation, 3) the application of these methods to the study of
mammalian oocyte differentiation and 4) state-of the-art prediction approaches for the assessment
and estimation of the cell differentiation status.
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Introduction

Knowledge bases for bioinformatics analysis

Change is the main theme that describes developmental and
differentiation processes. For example, beyond the morphological

Biological function and pathway databases
One of the most important goals in systems biology is the

zygote into a blastocyst or the in vitro differentiation of embryonic

, 2000), a controlled vo

biological databases for the extraction of relevant information, 2)

for assessing the differentiation stage of cells.

Abbreviations used in this paper: ESC, embryonic stem cell; GEO, Gene Expression
Omnibus; GO, Gene Ontology.
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,

(Bader

Literature databases

the cells (Kanehisa
genes, proteins, enzymes,
. inter

aims at integrating other types of information from the databases

Taxonomy, Genome, Expression, and Chemical Databases. Entries

Fig. 1. Hierarchy of oogenesis-related Gene Ontology terms (http://
www.geneontology.org/). Red and blue arrows indicate “is a” and “part
of” relations between the linked terms, respectively.

Data repositories
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Fig. 2. Literature-based gene expression analysis. Medical subject heading (MeSH) terms and their annotated genes are used to create a network
of keywords where the terms that share a significant number of annotated genes are linked.

tion and across sets of experiments.
ments. For instance, a researcher interested in the transcriptomic

Methods for knowledge extraction and representation
, 2009). Data

Enrichment analysis
One of the initial steps of any bioinformatics analysis is often

candidate genes.

, 2009a). An annotation

Fig. 3. Example of a pipeline for analysis of Gene Expression Omnibus
(GEO) data from developmentally competent (‘yes’) and not competent
(‘no’) oocytes. A heat map reflecting microarray gene expression values
across 20 samples belonging to these two different conditions can be
obtained with bioinformatics tools that usually provide a measure to group
similar samples (clustering).
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is conceived for the analysis of transcriptomics, proteomics and
,

, 2003). This

analysis enables the search for related genes or terms and rendering
Text mining approaches

part of biomedical data exploration pipelines. One of the most
and an interactive data analytics, at the expense of higher complexity

, 2008, Weeber

Fig. 4. An example of microarray data analysis schema in Orange. Significantly expressed genes selected from a Gene Expression Omnibus (GEO)
data set are analyzed with Gene Ontology (GO) enrichment. The ‘GO Browser’ enables to set the parameters of the analysis (e.g. statistical test and
p-value thresholds) and to visualize the enriched terms and the corresponding genes within the hierarchy of GO terms. Categories of genes may be
selected for further bioinformatics analysis.
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biological terms (

et al
From gene lists to association networks

biological mechanisms.

tions most related to the process of interest. When considering
Fig. 5. Network of OCT4 interacting proteins obtained with STRING
(http://string-db.org/).

an environment for explorative analysis over biological interactions

the genes of interest.
Applications to –omics analysis in oogenesis and early embryogenesis
Recently, there has been an increasing effort in leveraging the
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oocytes at the germinal vesicle stage (Peddinti
may have an impact on oocytes developmental competence and
With a similar aim, MII developmentally competent oocytes
(MII
, 2008). The

oocytes.

Fig. 6. The process of knowledge-based bioinformatics analysis. Data
coming from high-throughput experiments are analyzed with methods that
extract the available knowledge from different biological repositories. Results
in terms biological annotation terms and networks connecting genes or
proteins are further analyzed and refined based on the knowledge of the
expert and on the evidence coming from the data. For instance, genes
that were not previously included in the lists would be considered in light
of the knowledge retrieved by means of the bioinformatics methods. The
final aim of the process is to promote knowledge discovery.

MII

and MII

the mammalian egg developmental competence.
in
vitro

Fig. 7. Example of a differentiation scale where a sample obtained from induced pluripotent stem cells (iPSCs) is projected to the scale to uncover
its real stage of development with respect to standard conditions of differentiation.
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,

Recently, there has been an increasing effort in exploiting the

(Aiba

the stages corresponding to normal development are displayed in
differentiation scale. Given
interesting genes (

of the gene expression data from oocytes and embryos in order to
highlight the change of transcription of the selected genes.
proteomics experiments conceived by Zhang

(2009) helped

, 2007, Pardo
development (Ding

et
genes, i.e., those that have not been selected as differentially

the predicted list of OCT4 interactors, Pardo

interactions (Pardo
, 2007)
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