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Abstract— This paper describes an approach to providing
computer-interpretable logical definitions for the terms of the
Human Phenotype Ontology (HPO) using PATO, the ontology of
phenotypic qualities, to link terms of the HPO to the anatomic
and other entities that are affected by abnormal phenotypic
qualities. This approach will allow improved computerized
reasoning as well as a facility to compare phenotypes between
different species. The PATO mapping will also provide direct
links from phenotypic abnormalities and underlying anatomic
structures encoded using the Foundational Model of Anatomy,
which will be a valuable resource for computational investiga-
tions of the links between anatomical components and concepts
representing diseases with abnormal phenotypes and associated
genes.

Phenotypic analysis plays a fundamental role in human
genetics diagnostics and research. Phenotypic descriptions
in publications describing new disease genes or genotype-
phenotype correlations in known syndromes have generally
relied on free text descriptions of phenotypic features. In
recent years, computational analysis of the spectrum of
phenotypic features found in human disease, the so-called
”phenome” [9], has been taken up by a number of groups
for a number of goals including prioritizing candidate disease
genes [8] and investigating modularity of the genetic disease-
phenotype network [7]. In order to fully realize the potential
of computational phenome analysis and to optimally use
phenotypic information for clinical purposes, there is a clear
need for a standardized way of communicating phenotypic
information in medical reports, publications, and databases.
It is also desirable to be able to compare phenotypic data
accross species. In this report, we describe the application
of the entity/quality decomposition methodology to the Hu-
man Phenotype Ontology in the realm of musculoskeletal
phenotypic abnormalities.

I. THE HUMAN PHENOTYPE ONTOLOGY

Currently, the Online Mendelian Inheritance in Man
(OMIM) database [1] is the most important source of
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information about Mendelian genetic diseases in humans.
However, the fact that OMIM does not employ a controlled
vocabulary has made computational analysis of this data
difficult. The Human Phenotype Ontology (HPO) was ini-
tially constructed to comprise terms corresponding to all
descriptions used two or more times in OMIM as well
as many descriptions used only once. In the process of
constructing the HPO, synonyms were merged and domain
knowledge was used to create links between the terms. In
contrast to the shallow hierarchical structure of the OMIM
clinical synopsis section, the leaf nodes of the HPO are
typically located 5 to 10 levels deep and are organized as
a directed acyclic graph (DAG) in which terms may have
multiple parent terms. Terms are related to parent terms
by is a relationships. The HPO currently provides over
8000 terms, each of which describes a single human phe-
notypic abnormality. Approximately 50,000 annotations to
nearly 5,000 mainly Mendelian diseases listed in OMIM are
provided, and annotations to other classes of human disease
such as chromosomal disorders are currently in preparation
(Fig. 1) [10].

Terms in the HPO all possess names that correspond to
current medical usage. The syntax of terms in the HPO
follow two basic patterns. The first type contains words or
terms reflecting the qualities of an entity, for example Mitral
valve prolapse (HP:0001634). This term can be broken down
into the anatomical entity term Mitral valve and the quality
term prolapsed.

The second type of term in HPO contains intrinsic anatom-
ical predicates as well as qualities, often pre-composed into a
single canonical term. For instance, the term Arachnodactyly
(HP:0001166) consists of a single word which is familiar to
most physicians rather than naming a physical entity that has
an abnormal quality. However, looking to the definition of
the term, we find that Arachnodactyly refers to abnormally
long and slender fingers (the word was coined from Greek
words meaning spider fingers), that is, there is an abnormal
quality (long and slender) of an entity (fingers).

II. PATO: AN ONTOLOGY OF PHENOTYPIC QUALITIES

PATO is an ontology of phenotypic qualities, intended
for use in a number of applications, primarily phenotype
annotation. PATO consists of a single hierarchy of quali-
ties and currently offers 2014 terms. PATO is designed to
be used in conjunction with ontologies of ”quality-bearing
entities”, prominently including ontologies of anatomical
entities such as the Foundational Model of Anatomy (FMA)
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Fig. 1. An excerpt of the HPO subgraph of terms used to annotate Marfan syndrome.

ontology [12], GO [3], or the cell type ontology [4]. We
can use PATO in combination with one of these ontologies
to create composite terms. For instance, to describe a ”red-
eye” phenotype in Drosophila, we can combine the PATO
term red with the Drosophila gross anatomy (FBbt) term
”eye”.

We say that we are ”composing” (or ”coordinating”)
the description by using existing terms as elements of the
description. Sometimes the composition is done at the time
of annotation, in which case it is referred to as ”post-
composition”.

There are a number of advantages to associating ontology
terms with EQ descriptions, as we shall see in the following
sections.

III. DECOMPOSING THE HUMAN SKELETAL PHENOME

There are a number of advantages to composing phe-
notype descriptions including the fact that it is easier to
use inference algorithms if the ”meanings” of the terms of
an ontology are broken down into components that allow
computerized reasoning as well as the ability to compare
phenotypes between different species if a mapping between
the respective anatomy ontologies is available. However, a
serious disadvantage of this approach is the fact that a post-
composed terminology does not always reflect the vocabulary
of physicians and scientists involved in medical research, as

was mentioned above. Therefore, the HPO has adopted a pol-
icy of retaining the medical terminology in common use for
the term names, while also providing equivalence mappings
to EQ-based compositional descriptions of the terms that can
be used for inference or cross-species comparisons. Because
of the difficulties in providing exact definitions for medical
terms and defining pathophysiologically relevant semantic
relationships between them, such a decomposition of HPO
terms is a difficult but intellectually rewarding task that
requires manual expert curation. The HPO and PATO teams
are collaborating on a decomposition of the musculoskeletal
subontology of the HPO as a pilot project to identify the
curation and annotation strategies that will best work for
decomposing the entire human phenome, which will be an
ongoing project. In the following, we provide some example
decompositions to illustrate our approach.

The majority of terms in the HPO describe abnormalities
of anatomic structures. For these HPO terms, therefore, terms
from the FMA human anatomy ontology are used to identify
the affected entity (bearer of the abnormal quality). An
appropriate PATO term is then chosen to describe the ab-
normal quality that the anatomic structure possesses, which
can be described either in qualitative or quantitative terms,
and are said to inhere in the bearer. For instance, for
the HPO term Reduced bone mineral density (HP:0004349),
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we combine the FMA term for bone with the PATO term
for decreased density. This combination is expressed in obo
format notation1 as follows:

[Term]
id: HP:0004349 ! Reduced bone mineral density
intersection_of: PATO:0001790 ! decreased density
intersection_of: inheres_in FMA:30317 ! bone

This states that the phenotype denoted by HP:0004349 is
equivalent to all instances of decreased density occurring in
bones.

Another example is the decomposition of the HPO term
Amyotrophy (HP:0003202) (which is a medical term meaning
”muscular atrophy” or wasting of muscles):

[Term]
id: HP:0003202 ! Amyotrophy
intersection_of: PATO:0001623 ! atrophied
intersection_of: inheres_in FMA:30316 ! muscle

The annotation model can additionally include further
qualifiers concerning the developmental stage at which a
phenotype holds or qualifiers indicating the expressivity of
the phenotype with respect to some baseline (e.g., ”abnor-
mal”). For instance, the HPO term Osteosclerosis refers to
an abnormal increase in bone density. The intersection of the
FMA term for bone with the PATO term increased density
does not faithfully reflect the meaning of the HPO term
Osteosclerosis, because not all increased density is abnormal.
We therefore add a further intersection with the PATO term
pathological:

[Term]
id: HP:0002796 ! Osteosclerosis
intersection_of: PATO:0001788 ! increased density
intersection_of: has_quality PATO:0001869 !

pathological
intersection_of: inheres_in FMA:30317 ! Bone

Once an HPO term has been logically defined in this way,
other decompositions can make reference to it. For instance,
the HPO term Patchy osteosclerosis refers to irregular areas
with increased in bone density such as can be seen in some
hereditary disorders such as Hypothyroidism-retardatino-
dysmorphism syndrome caused by mutations in the gene en-
coding tubulin-specific chaperone E [MIM 241410]. Here we
represent this as a ”quality aggregate”, using the has part
relation to collect the sub-components of the phenotype
together:

[Term]
id: HP:0005686 ! Patchy osteosclerosis
intersection_of: PATO:0000001 ! quality
intersection_of: has_part PATO:0001608 ! patchy
intersection_of: has_part HP:0002796 !

Osteosclerosis

There are many cases in which medical terminology
does not reflect modern notions about pathophysiology or
etiology of disease, meaning that any computational infer-
ence techniques that rely on natural language processing
techniques to infer the meaning of a term would be doomed

1http://www.geneontology.org/GO.format.obo-1 2.shtml

to failure. One example is the HPO term Spinal muscular
atrophy (HP:0007269), which, despite the name, does not
refer to atrophy affecting specifically the muscles of the
spine. Rather, spinal muscular atrophy refers to muscular
weakness and atrophy related to loss of the motor neurons
of the spinal cord and brainstem. This has been decomposed
using a relational quality using the FMA terms Motor neuron
and Spinal cord. In some cases, this part of the ”phenotype”
will be observed by neuropathological analysis [2], although
it may be merely inferred in other patients based on clinical
findings. The inevitable result of a reduction of the number
of motor neurons is amyotrophy of the innervated muscles,
and this is encoded by the further intersection of the HPO
term Amyotrophy. The full decomposition is:

[Term]
id: HP:0007269 ! Spinal muscular atrophy
intersection_of: PATO:0002001 ! has fewer parts of type
intersection_of: towards FMA:83617 ! motor neuron
intersection_of: inheres_in FMA:13478 ! Vertebral column
intersection_of: results_in HP:0003202 ! Amyotrophy

IV. CROSS-SPECIES COMPARISONS

The ability to manipulate the mouse genome has rendered
the mouse one of the most important model organisms for
studying human disease. In the gene driven approach to
model discovery targeted mutants are made in specific genes
associated with disease in man. In the phenotype driven
approach the phenotypes of known or unknown mutations are
screened for similarities with human diseases thereby gaining
insight into their pathogenesis and genetic aetiology. In both
cases establishment of the accurate relationship of mouse
phenotypes to human diseases is essential. Although many
mouse models display phenotypes that are reminiscent of the
phenotypes of humans with inherited mutations at the same
genes, important differences between human and mouse
phenotypes resulting from mutation in homologous genes
are frequently observed [11], [13]. Bridging the gap between
mouse phenotypes and human diseases is therefore prob-
lematical; partly because formal disease nomenclature differs
between mouse and man, but more importantly because not
all of the aspects of cognate diseases will be manifested in
both species. One approach to discovering a disease model
is therefore to break down the summative ( precomposed)
diagnosis into its component parts and to search for matches
within the resulting pool of constituent phenotype elements
across both species. The type of decomposition presented
in this paper will provide an important impetus in this
direction. As an example, consider the MPO term thymus
hypoplasia (MP:0001823) [14], which is defined as ”un-
derdevelopment or reduced size, usually due to a reduced
cell number, in the thymus”. This can be decomposed using
PATO as the cross product of the mouse anatomy ontology
term thymus (MA:0000142) and the PATO term hypoplastic
(PATO:0000645), which is defined as ”Underdevelopment
or incomplete development of a tissue or organ”. Likewise,
the HPO term Thymus hypoplasia (HP:0000778) can be
decomposed using the FMA term for thymus (FMA:9607)
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and the PATO term hypoplastic (PATO:0000645). E/Q de-
compositions are being developed for mouse phenotype
data [5]. Therefore, together with mappings between mouse
and human anatomy (e.g., [6], [16]), the PATO E/Q decom-
positions developed in our project will provide a means to
search for similar phenotypic abnormalities shared by mouse
and human on a systematic level.

V. CONCLUSIONS

In this report, we have presented our methodology for
providing an E/Q decomposition of the HPO. Currently,
approximately 1000 HPO terms have been decomposed, and
work on the remaining musculoskeletal terms is expected
to be finished shortly. This will be an important step to-
wards linking the HPO to well-established ontologies in the
anatomy and molecular biology research communities. This
will provide a consistent mapping of anatomical components
to diseases and abnormal phenotypes, which will enable the
use of clinical data for basic and translational computational
biology research. In addition to the links to the FMA
described above, we are working on linking the appropriate
HPO terms to other ontologies. For instance, the HPO term
Glucosephosphate isomerase deficiency (HP:0003290) has
been decomposed as the intersection of the PATO term
decreased (PATO:0001997) and the GO term glucose-6-
phosphate isomerase activity (GO:0004347). Similar de-
compositions are being made using other ontologies, and
other links to pathology ontologies [15] are planned. It is
hoped that these refinements will make the HPO useful not
only for human geneticists and other physicians interested
in phenotypic analysis, but also to molecular biologists
and bioinformaticians who are interested in incorporating
the human phenotype into investigations on cellular net-
works and related topics. The HPO is freely available at
http://www.human-phenotype-ontology.org.
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