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Abstract

The scientific community has invested heavily
in the creation of genetically modified
organisms, other model systems, and large
genetic screens because they greatly inform our
understanding of human disease. However, it
remains difficult to identify organisms suitable
for one’s research because information about
them is not readily accessible. The initiative to
Link Animal Models to Human DIsease
(LAMHDI,; http:/lamhdi.org) was developed to
allow users to search for a diverse set of models
of disease using both curated disease-model
links and inferred paths based on gene
orthology and pathway membership. These
inferences are made by traversing connections
between records in publicly available data from
resources such as the Online Mendelian
Inheritance in Man (OMIM), Medical Subject
Headings (MeSH), EntrezGene, Homologene,
and WikiPathways. This allows researchers to
rapidly explore and identify a wide range of
model systems, visualizing the multi-step
genetic relationship between disease and
model. However, if LAMHDI were able to
semantically link an organism’s phenotypic
attributes to diseases, genes, expression profiles,
etc, their relevance and utility to a given line of
research would be much more greatly
illuminated and new novel insights between
disease, genetics and phenotype discovered.
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The relationship between model systems
and disease phenotypes [1] is not straight-
forward, and bioinformatics tools based on
phenotypes have been lacking. Constructed
model systems typically only replicate subsets
of disease phenotypes, and phenotypes may
map to more than one human disease [2].
Classification systems where a model system is
listed as a “model of disease X” do not solve
these difficulties because the model may only
recapitulate one aspect of the disease, but not
specifically  indicate.  Further, different
vocabularies are used to describe the phenotypic
consequences of mutation in different
organisms, and these vocabularies are usually
tied to the particular anatomies or physiologies
of the organism. The different vocabularies also
come from different starting points: clinicians
and researchers have different vocabularies.
Phenotypes may also occur at different scales,
and the relationships among them may not be
apparent without additional knowledge.
Bioinformatics tools, or even researchers, may
not relate the statement ‘CAl dendrites are
degenerative’ to ‘degenerative hippocampus’
despite potential scientific correlation. Another
challenge is to traverse anatomical structures
across species. For example, computers do not
know that the human cornea is related to the
zebrafish retina because they do not know that
in both species these structures are part of the
eye, nor do they know that the zebrafish eye is
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related to the human eye. When phenotype
descriptions are captured using an ontology,
algorithms can be written to compare phenotypes
computationally across species and scale.

Our previous work has shown that
ontological annotation of diseases and
phenotypes allows computational comparison
of phenotypes across species [3]. To describe
phenotypes we composed Description Logic
(DL) expressions using a phenotype model and
the Web Ontology Language (OWL) [4]. We
created bridging ontologies that enhance
external ontologies such as the Mammalian
Phenotype Ontology (MPO) [5], allowing them
to be integrated with other phenotype data [6-
8]. We applied these methods to the
construction of PKB [9], a neurodegenerative
disease phenotype knowledgebase called that
utilizes the NIF Standard (NIFSTD) modular
collection of ontologies [10] to represent a range
of human diseases and animal models
spanning multiple anatomical scales, from the
molecular and subcellular up to the
organismal. We also created an integrative
ontology called Uberon [11] to allow cross-
species inference. Using these tools and
methods, we demonstrated that we could
identify organisms with similar phenotypes
across anatomical scale, mutations in other
alleles of the same gene, other members of a
signaling pathway, and orthologous genes and
pathway members across species based on the
similarity of the phenotypes alone.

Here, we bring together the genetic links
currently used within LAMHDI with these
ontology-based phenotype similarity metho-
dologies. We also combine orthology and gene-
phenotype ontology associations to generate
“phenolog” hypotheses, non-obvious linkages
between human diseases and phenotypes in
model organisms such as mice, worms, yeast,
and plants [12]. This approach can suggest new
models based on the presence of orthologous
genes inside a phenolog cluster. We believe that
these ontology-based phenotypic and homology-
based techniques will be instrumental in
enhancing the LAMHDI portal, suggesting new
paths from diseases to models, and assisting in
the interpretation of existing paths.

At present, LAMHDI is restricted to
providing access to organism strains, and does
not include in vitro model systems and
organismally derived resources such as
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biospecimens, cell lines, assays, and reagents.
Choosing an appropriate in vitro model system
to test a given hypothesis is currently not
straightforward because these resources are
often not linked to diseases, genes, gene
expression, or the phenotypes of the organisms
from which they are derived. Two projects, the
Neuroscience Information Framework (NIF)
and eagle-i [13], have built ontologies to catalog
and link such resources. The eagle-1 system has
related specific genotypes of organisms to these
in vitro models, and has expressly represented
anatomical, histological, and pathological
attributes of biospecimens and cell lines and
tied them into the phenotypic representation of
the original organism and its genotype. NIF
has focused on collating publicly available
resources (materials, software tools, data). The
two projects are thus highly complementary.

Navigation of organismal resources (in vivo
and in vitro) also benefited from including gene
expression data collected using anatomical
ontologies from databases aggregated in NIF.
Where genes are preferentially expressed, gene
expression profiles can be linked between the
current LAMHDI data (genes to disease) with
cell lines and tissues. For instance, a
researcher looking at a set of genes expressed
in a particular brain region may investigate a
common mechanism for two diseases if tissue
from that brain region is available from a bank
that focuses on a different disease. By
leveraging the organismal resource component
of the eagle-i and NIF systems, and the gene
expression component of NIF, LAMHDI will be
able to offer many new candidate model
systems and make these resources easier to
navigate. We discuss the issues of integrating
these diverse data and our technical approach
to this challenge.
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