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ABSTRACT

Phenotypes are an important subject of biomedical
research for which many repositories have already
been created. Most of these databases are either
dedicated to a single species or to a single disease
of interest. With the advent of technologies to gene-
rate phenotypes in a high-throughput manner, not
only is the volume of phenotype data growing fast
but also the need to organize these data in more
useful ways. We have created PhenomicDB (freely
available at http://www.phenomicdb.de), a multi-
species genotype/phenotype database, which
shows phenotypes associated with their corres-
ponding genes and grouped by gene orthologies
across a variety of species. We have enhanced
PhenomicDB recently by additionally incorporating
quantitative and descriptive RNA interference (RNAi)
screening data, by enabling the usage of phenotype
ontology terms and by providing information on
assays and cell lines. We envision that integration of
classical phenotypes with high-throughput data will
bring new momentum and insights to our under-
standing. Modern analysis tools under development
may help exploiting this wealth of information to
transform it into knowledge and, eventually, into
novel therapeutic approaches.

INTRODUCTION

Phenotypes, especially those concerning health, have been an
intensive subject of research in humans and in many model
organisms. New technologies to generate phenotypes in a
high-throughput manner, such as RNA interference in higher
organisms, have further advanced the field (1). In the past
years, an increasing number of phenotypes associated with
genotypes have been gathered in online repositories dedicated
to specific model organisms or diseases, many of which are

listed in (2). The impact of phenotype data on biomedical
research, an overview of repositories and useful analysis
methods have been presented in detail (2).

However, until recently, little effort has been dedicated to
connecting genotype/phenotype information across species.
To advance this effort, we have created PhenomicDB, a multi-
species genotype/phenotype resource freely available at
http://www.phenomicdb.de. It enables easy cross-species
mining of phenotypes and their associated genotypes by tak-
ing advantage of orthology relationships (3). Here, phenotype
information for many organisms become condensed into a
single view where all known genes are grouped by ortholo-
gies and, if available, associated with phenotypes obtained
from studies as diverse as mutant screens, k.o. mice and
RNA interference. In addition, clinical descriptions and nat-
urally occurring mutants are shown.

Besides the Online Mendelian Inheritance in Animals
(OMIA) (4), a small-scale equivalent of the Online Mende-
lian Inheritance in Man (OMIM) (5), and the beginning
efforts of the Ensembl group to gather phenotypic infor-
mation (6), PhenomicDB continues to be the only database
containing in-depth phenotypic information for more than
one species. In a recent effort, PhenomicDB has been updated
to its current version 2.1, now offering the capability to
include data from whole-genome RNAi screens with detailed
information on experimental design, ontology terms from the
MGI’s Mammalian Phenotype Ontology (7) and keywords
for cell lines and experimental assays. Also, direct linking
from external sources by search term or identifier is now
possible.

THE DATABASE

Data content

PhenomicDB hosts classical phenotype data from a variety
of sources, namely OMIM, the Mouse Genome Database
(MGD) (8), WormBase (9), FlyBase (10), the Comprehensive
Yeast Genome Database (CYGD) (11), the Zebrafish
Information Network (ZFIN) (12), and the MIPS Arabidopsis
thaliana database (MAtDB) (13). The vast majority of these
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phenotypes is associated with genes mapped to a common
index, the Entrez Gene Index of the National Center for Bio-
technology Information (NCBI) (14). Functionally equivalent
(i.e. orthologous) genes from different species are grouped
by taking advantage of the NCBI’s HomoloGene database
(15). Full annotations including the Gene Ontology (16) are
provided with the genotype information as taken from Entrez
Gene.

In its last major update, PhenomicDB has been redesigned
to accept large datasets from whole-genome RNAi screens
and thus has become a central home of data spread over ded-
icated smaller databases, e.g. PhenoBank (17) which has been
created for a single screen, or FlyRNAi (18) for fly-specific
screens, or supplementary information of journals. RNAi
screens in Caenorhabditis elegans (17) and in Drosophila
melanogaster (19–25) have been added as well as data
from other species, subject to open access publication and
availability of the data. All data in PhenomicDB are refer-
enced and links to the original data sources are provided. Phe-
nomicDB is kept up-to-date on a quarterly schedule and is
freely accessible without restrictions.

In total, PhenomicDB hosts 399 772 phenotypes, connec-
ted to 77 400 eukaryotic genes. The percentage of the Entrez
Gene index with a phenotype varies between species: It
is �99% for D.melanogaster, 79% for C.elegans, 21% for
Saccharomyces cerevisiae, �16% for Mus musculus (this
number is estimated on the basis of the human Entrez Gene
number, as Entrez Gene index for mouse (62 907 Gene
IDs) is still in progress and therefore has not collapsed yet)
and 8% for Homo sapiens. 84% of all available phenotypes
in PhenomicDB come from D.melanogaster and C.elegans.

16.2% of phenotypes are associated with a gene having no
orthologs, and <1.5% have no gene associated at all. 40 299
eukaryotic orthology groups are registered and a third of
them (13 695) have at least one phenotype in any of the spe-
cies. For H.sapiens, 2850 genes are linked to 4009 human
phenotypes and for another 7592 human genes there is at
least one ‘orthologous phenotype’ available, thus raising the
percentage of human genes with phenotypic information from
8% to 31% of the Entrez Gene index. ForM.musculus, ‘ortho-
logous phenotypes’ increase available phenotypic informa-
tion for mouse genes to over 30% of the gene index (see
Figure 1 for more details, also on other species). These fig-
ures clearly show how integrating disparate phenotype data
from different species can generate unexpected contexts for
this wealth of information.

Data presentation

In PhenomicDB, genotype and phenotype data have been
organised in a single database schema. Having all genes
annotated and also indexed over orthology groups, this data
organization allows to present orthologous genotype and
phenotype data with a single database query. The advent of
RNAi data required the schema to be extended in order to
cope with a ‘qualitative’ phenotype, e.g. the description of
a visual inspection via microscopy, but also with a ‘quantitat-
ive’ phenotype, i.e. a floating point number expressing an
absolute or relative deviation from an expected ‘normal’ or
average phenotype. Also, important aspects of RNAi study
design, e.g. assay, cell line, time point, mRNA knockdown
efficiency, phenotype penetrance, etc. have been addressed

Figure 1. Percentage of NCBI Entrez Gene indices with phenotypic information in PhenomicDB for 5 model organisms and human. (Ce, Caenorhabditis
elegans; Dm, Drosophila melanogaster; Hs, Homo sapiens; Mm, Mus musculus; Sc, Saccharomyces cerevisiae; Dr, Danio rerio). The percentages of genes with
one or more phenotype from the given species is shown in blue (‘direct phenotypes’), of those with one or more phenotype associated by orthology are shown in
red (‘orthologous phenotypes’), and of those genes that have no phenotype associated are shown in yellow. The red bars thus indicate the direct benefit from
cross-species integration in PhenomicDB. The high coverage of C.elegans and D.melanogaster gene indices with phenotypic information is mainly owed to
recently integrated RNA interference data.
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adequately. Furthermore, we enriched PhenomicDB with
tables holding MGI’s Mammalian Phenotype Ontology and
controlled vocabulary for cell lines and RNAi assays.

PhenomicDB’s graphical user interface has been designed
to be as simple and as effective as possible. A basic query can
be started intuitively by entering any search term (e.g. apop-
tosis, BUB1) or identifier (e.g. NM_001211). Users can
configure the output data fields to be shown individually,
e.g. gene symbol, phenotype name, ontology, chromosomal
localization, etc. Queries allow wildcards and logical operat-
ors (‘AND’, ‘NOT’ and ‘OR’) and can further be refined by
limiting to data fields, data domains or organisms.

The customizable results interface (Figure 2) lists all hits
organised by genes with their associated phenotypes indented

and provides further links to more detailed views. Two but-
tons, ‘Orthologies’ for each gene and ‘Show entry’ for each
hit, enable the user to show all orthologous genes with their
associated phenotypes or to show the full genotype and
phenotype entry for a gene of interest, respectively. Also,
the entire hit list can be expanded to show the orthologs of
all or selected genes as well as their corresponding pheno-
types. All entries consistently link back to their original
sources (e.g. entries derived from OMIM link back to
OMIM) to make sure data will be properly referenced by
users.

For convenient external access to PhenomicDB, static
hyperlinks can be created to direct to any genotype or pheno-
type using e.g. the Entrez Gene ID. Dynamic URLs using any

Figure 2. Result list for the frataxin orthology group (some entries omitted for simplicity). In marble the frataxin genes from different species are shown;
indented and in green the corresponding phenotypes. Hyperlinks lead to the source database, the ‘Show Entry’ button displays the full genotype/phenotype
information. For Gallus gallus, no phenotype (in red) is available.
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query term behave as if the term was entered into the search
mask of the homepage. A manual is available on the home-
page. External linking to PhenomicDB is also featured in
the browser task bar BioBar (http://biobar.mozdev.org/).

Future direction

During its 2 years of existence, PhenomicDB has seen
important functional improvements as well as large increases
in data content and more data, especially from whole-genome
RNAi screens, are expected to be included in the very near
future. We therefore expect the percentage of human genes
associated with phenotypic data to steadily rise, making it
an increasingly valuable resource in biomedical research. In
the past quarter, PhenomicDB’s content has been requested
�6000 times per month on average.

The wealth of steadily growing information raises the
question on how to benefit beyond the mere rearrangement
of views and data. We are working on data mining tools tak-
ing advantage of consistent phenotype ontologies with the
aim to improve further the usefulness of PhenomicDB’s
data content, thus helping to transform it into knowledge
and eventually into novel therapeutic approaches.
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