






and earliest expression in development are indeed
correlated with PE in mouse (Figure 3A and B).

USAGE OF OGEE

The functionalities of OGEE have been divided into six
different modules (tabs): ‘Summary’, ‘Browse’, ‘Search’,
‘Analyze’, ‘Download’ and ‘Q&As’. We provide inline
help messages displayed as ‘tooltips’ within each module;
we also provide detailed help contents and answers to fre-
quently asked questions in ‘Q&As’. Below, we introduce
several of the most interesting features of OGEE.

Viewing details of individual genes

In the ‘Browse’ and ‘Search’ modules, by default only
some gene features such as essentiality, duplication
status and data sources will be displayed (Figure 1). To
view more details of individual genes, the user can simply
mouse over or click the locus names; a popup window
containing all available information for the corresponding
gene will appear. As shown in Figure 2, extra information
including gene description, type of evidence for gene es-
sentiality and corresponding links to original data sources,
involvement in development, evolutionary origin (phyletic
age), connectivity in the PPI network, as well as nucleotide
and protein sequences are available. Links to other

databases, including Gene Ontology (44), EGGNOG2
(45), NCBI taxonomy, as well as NCBI BLAST (40) are
also integrated (Figure 2). For example, if the gene of
interests is involved in development, several corresponding
GO IDs and terms will be shown; clicking each GO ID,
the user will be redirected to the corresponding page at the
Gene Ontology website. Similarly, the user will be redir-
ected to the corresponding NCBI taxonomy page if
clicking on the organism name. The NCBI BLAST
website will be opened in a new window if clicking on
the BLAST NCBI links.

The popup window also features in-site data integra-
tion. For example, if a query gene has orthologs in other
species collected by OGEE, not only the corresponding
orthologs [based on EGGNOG2 (45)], but also their es-
sentiality status will be shown (Figure 2). This way, the
conservation of a gene as well as the conservation of its
essentiality across species can be checked easily.

Analyzing collected gene features using linked tools

One of the most interesting features of OGEE is that users
can analyze the data systematically and visualize the
results with integrated tools from the ‘Analyze’ module.
With ‘Analyze’, the user can divide genes into distinct
groups according to one of the available features, calculate
the proportion of essential genes (PE) in each group and

Figure 3. Screen shots taken from the ‘Analyze’ module. With integrated tools, the user can easily explore and analyze the collected data, including
the visualization of results. Shown here are the results of the following analyses: (A) the proportion of essential genes (PE) as a function of family size
(number of homologous genes within the genome) in mouse, (B) PE as a function of the earliest expression stage during mouse development, (C) the
effects of gene duplication status and involvement in development on gene essentiality in Caenorhabditis elegans and (D) the effects of gene con-
nectivity and involvement in development on gene essentiality in C. elegans.
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then plot the results as either a bar-chart or line plot. To
illustrate this feature, Figures 3A and B show average
mouse PE values as functions of the earliest expression
stage during development and gene family size, respective-
ly; both factors affect PE values globally.

Users can also investigate two gene features simultan-
eously to study their effects individually or in combin-
ation. For example, the user can divide genes first into
developmental and non-developmental genes, and then
further divide each group into duplicates and singletons
(Figure 3C). Similarly, on could first divide genes accord-
ing to the connectivity in PPI network and then according
to their involvement in development (Figure 3D).

By default, predefined breaks by which genes can be
divided into distinct groups and matching labels are
used. However, if desired, the user can change the
default settings by providing customized breaks and labels.

Open access to all data contained in OGEE

Our data are freely accessible to all academic users. We
provide an SQL-dump file of the whole database as well as
several selected data sections as tab-delimited flat files in
the ‘Download’ module. Users can also download individ-
ual gene essentiality data sets for a selected species in
‘Browse’ and raw data used in data analysis in ‘Analyze’.

CONCLUSIONS

OGEE introduces several unique and novel features
compared with existing gene essentiality databases. For
example (i) OGEE provides both essential and
non-essential genes from large-scale as well as small-scale
studies; (ii) OGEE introduces ‘conditional essentiality’ to
reflect the complexity of biological systems and the inter-
play between gene functions and environments; (iii) OGEE
lists a variety of gene features known or suspected to influ-
ence gene essentiality; and (iv) OGEE provides a set
of online tools to explore and analyze the data and to
visualize the results. We thus believe that OGEE should
be highly useful to biologists and bioinformaticians
studying gene essentiality, whether focusing on individual
genes or on genome-wide analyses.

FUTURE DIRECTIONS

Future development of OGEE will include the incorpor-
ation of essential non-coding genes, and the possibility for
users to submit additional essentiality data.

SUPPLEMENTARY DATA

Supplementary Data are available at NAR Online:
Supplementary Table S1. Key words used to search for
essential and non-essential genes in PubMed abstracts.
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