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Abstract — Phenotypic comparison may provide crucial
information for obtaining insights into molecular interactions
underlying various diseases. However, few attempts have been
made to systematically analyze the phenotypes of hereditary
disorders, mainly owing to the poor quality of text descriptions
and lack of a unified system of descriptors. Here we present a
secondary database, PHENOMIM, for translating the
phenotypic data obtained from the Online Mendelian
Inheritance in Man (OMIM) database into a structured form.
Moreover, a web interface has also been developed for
visualizing the data and related information from the OMIM
and PhenOMIM databases. The data is freely available online
for reviewing and commenting purposes and can be found at
http://faculty.neu.edu.cn/bmie/han/PhenOMIM/.

I. INTRODUCTION

HE completion of the Human Genome Project [1]

combined with the development of high-throughput
technologies for genetic screening have made it possible to
conduct genome-wide genotyping and accelerated
elucidation of genetic contributions to various human
disorders. Several large-scale computational approaches have
been taken for genetic as well as protein analyses, which have
provided valuable insights into gene functions and protein
interactions. The massive amount of biological data that has
been obtained in this fashion however, has signified
complexity rather than simplicity with regard to the
correlation between genotypes and phenotypes. In this work
we aim to introduce a new tool for analyzing the phenotypic
data, and to correlate symptoms with their underlying genetic
causes.

A. Phenotypic comparison

In recent years, phenotypic analysis has been recognized to
have great importance for the understanding of the molecular
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basis of various diseases [2, 3]. Attempts have been made for
human diseases [4] and model organisms such as yeast [5],
mouse [6], rat [7] and arabidopsis [8]. Phenomic databases
have been constructed in both independent and combinatorial
fashions [9, 10]. Large-scale efforts are still being undertaken
to collect phenotypic data, in particular phenotypic features of
disorders. To better delineate the genetic components and
their contribution to Mendelian and complex traits, Human
Phenome Project (HPP) has been proposed to systematically
collect phenotypic information and for developing new
approaches for analyzing the resulting data [11].

In recent years, a rich variety of computational techniques
have been applied to text-mining on research literatures and
biological databases that contain phenotypic data, which
featured various levels of granularity, in different formats,
and/or with different aims. Lussier et al. [12] developed
PhenoGO database by applying Natural Language
Processing (NLP) on scientific literature combined with the
Gene Ontology database (GO) [13]. The database is rich in
information on genotype-phenotype associations and
relationships between genes, GO concepts and phenotypes.
Van Driel et al. [14] used text-mining to extract human
phenotypes from the Online Mendelian Inheritance in Man
database (OMIM [15]) and correlated them with MeSH
terms. Bajdik et al. [16] have developed CGMIM to identify
genetically-associated cancers and candidate genes from the
OMIM by means of automated text-mining. Masseroli et al.
[17] also developed GFINDer to define a hierarchical
structure for describing relationships between genetic
diseases. Unfortunately, although the above approaches were
able to encode phenotypes and generate large networks of
genotype-phenotype correlations with high throughput and
efficiency, they generally lacked accuracy, robustness and
fell short of medical significance.

B. The OMIM database

Generally regarded as the ’phenotypic companion to the
Human Genome Project (HGP)’, the OMIM database is a
continuously updated catalog for human genes and genetic
disorders. Despite its comprehensiveness, however, the
unstructured record-based textual descriptions of OMIM data
have made it less suitable for bioinformatics analysis.
Computationally, it is difficult to extract coded phenotypic
data from the OMIM database, since it is originally designed
to be read by humans, and not by computers. In the OMIM
dtabase, Clinical Synopses (CS) of various diseases, i.e.
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structured descriptions of disorders in terms of keywords,
have not been presented in a uniform manner. Other problems
include a considerable amount of spelling errors, and the
usage of synonyms and overlapping concepts. Furthermore,
some features seemed to be too complex to be described
neatly (for instance abnormally shaped organs). To exploit
the value of the data in the OMIM database, it seems
necessary to manually check and standardize the data in order
to enhance its comparability.

Due to the lack of a unified system of phenotypic
descriptors, so far few attempts have been made to
systematically analyze human phenotypic data. Considering
the complexity of knowledge and enormous effort that is
required to standardize the large amount of phenotypic data
from the OMIM database, progress has to rely primarily on
robust taxonomies of phenotypes and accurate clinical
descriptions, for which participation of both clinicians as well
as engineers, and novel tools in computation and informatics
are required [3].

To encode and present phenotypic data in a controlled
ontology has become a pending task for automating
phenotypic comparison. Here we present a secondary
database, PhenOMIM, which is purported to translate the
Clinical Synopses (CS) derived from the OMIM database.
The embedded data was manually checked and classified
according to their anatomical relations. The resulting
controlled vocabulary has been organized in an ontology. A
web interface and a stand-alone program have been
developed for visualization of the controlled vocabulary and
the translated clinical features of particular disorders.

Besides the standardization of the terms and symptoms,
another major difference between the structures of the
original OMIM and new PhenOMIM ontologies lies in the
fact that the OMIM tree only has a depth of up to 3 levels,
whereas PhenOMIM has a depth of up to 7 levels. The
purpose of this is to enhance the comparability of the dataset,
as symptoms that share more categories in their paths can be
assumed to be more similar. By introducing multiple extra
levels, it becomes possible to introduce various degrees of
compatibilities between symptoms.

II. MATERIAL AND METHODS

A. Materials

For creating the PhenOMIM database, we have used data
retrieved from the OMIM database. All entries that contain a
clinical synopsis were downloaded and stored in a plain text
file. The latest dataset, downloaded on March 1, 2011,
contained 4807 disorders, which have involved a total of

39,683 unique labels distributed over categories,
sub-categories and symptoms.
B. Methods

In the original OMIM data, clinical features contained in
the Clinical Synopsis (CS) fields are divided into categories
and/or subcategories, e.g., “organ system”, “laboratory

findings”, “mode of inheritance”, in addition to detailed
clinical features, i.e. symptoms.

A C++ program, named OmimView (see Fig. 1), has been
created to parse these CS and to generate an ontology for
describing the synopses. Through text parsing, a total of
70,983 clinical features were retrieved from the CS fields, of
which 39,683 were found to be unique.
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Fig. 1. OmimView, a C++ interface for displaying and editing OMIM and
PhenOMIM data

The data were then sorted according to a hierarchical
ontological system designed by a group of doctors, based on
anatomical connections between symptoms. Ambiguous
descriptions were manually checked and standardized in
order to clarify the semantics. To best preserve information,
the original symptom descriptions were kept as much as
possible. As such, each symptom node from the original
synopses is linked with at least one term from the controlled
vocabulary (PhenOMIM).

In contrast to the original OMIM dataset which can be
represented as a tree structure with a depth of up to 3, the
PhenOMIM ontology has a depth of up to 7 levels. The depth
has been chosen to make the data more comparable, i.e.
symptoms sharing more categories in their path are assumed
to be more similar.

When a symptom has been found in the PhenOMIM
ontology to replace a given symptom in the OMIM ontology,
the OMIM node is marked as being deleted. However, the
node is not actually deleted. Instead, a reference link is set to
signify the replacement relationship. The purpose of this is
that when a new dataset becomes available, it can be merged
against the original OMIM ontology thus reducing the
amount of work for rechecking previously classified
symptoms so to keep the system maintainable. Moreover, it
enables the user to view and compare the CS both in
PhenOMIM as well as OMIM formats, with the information
will remain to be stored in the ontologies.

[II. RESULTS AND DISCUSSION

A. Results

The Clinical Synopses of a total of 4,807 diseases were
parsed into the OMIM Ontology. This has produced a total of
39,683 nodes, of which 39,491 are symptoms (see Table 1).
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TABLE I
NUMBERS OF NODES IN OMIM AND PHENOMIM ONTOLOGIES

OMIM PhenOMIM *
Number of Nodes 39,683 40,173
Symptom nodes 39,491 34,889
Category nodes 192 5,284

During the reclassification process, many obvious errors
and differences are resolved by mapping to new labels. For
example, in the original data categories such as ‘abd’ and
‘abdomen’ both contained symptoms as ‘inguinal hernia’ and
‘umbilical hernia’. Symptoms from both categories have now
mapped to PhenOMIM symptoms at
‘root\abdomen\abdominal wall\hernia\’ and °‘..\umbilicus\’.
Other examples include the categories in the original data
named ‘immune’, ‘immunol’, ‘immunologic’, ‘immunology’,
and ‘imunology’ which descendants are mostly mapped to
nodes in the category ‘root\hematological\blood\immune’.

Other solved problems include errors due to erroneous line
breaks in the original files. Nodes created due to these
dangling strings are marked deleted without linking to other
symptoms in the PhenOMIM ontology. Original symptom
names however are kept as much as possible, as often the
symptom names contain references to indicate severity or
extend of presence of the symptom. An example of this can be
found in the category ‘root\development|\failure to thrive\’,
where there are many symptoms relating to ‘failure to thrive’.

The structured and controlled vocabulary has been stored in
a SQL database for viewing through an AJAX based
web-interface which can be found at
http://faculty.neu.edu.cn/bmie/han/PhenOMIM/. The OMIM
and the PhenOMIM ontology as well as the references
between nodes are stored in separate tables. In the
web-interface, users can browse both the OMIM as well as
the PhenOMIM ontologies for comparison. A subset of the
clinical synopses can be browsed both in OMIM as well as
PhenOMIM representation. In the web-interface facilities are
also added for users to give comments on the current structure
and specific nodes, and users are invited to comment on the
created ontology. In this fashion, the ontology can be
continuously improved.

B. Discussion

We have presented the current state of a continuing effort to
standardize the OMIM vocabulary. To this extent an off-line
tool has been constructed to browse and edit the dataset as
well as a web-based interface. The approach taken in this
work is to keep as much as possible the original information
for the symptoms in order to maintain modifiers to denote the
extent of severity of the symptoms. This, on the other hand,
has caused a problem that leafs (i.e., symptoms) are not very
comparable, since there may be multiple labels describing the
same symptom. We argue that instead of directly comparing
the leaf nodes, comparing the category nodes may be a better
measure for comparability of the symptoms, as categories in
themselves do encode important information on the nature of
the symptom. Moreover, by introducing extra levels (from 3
levels in the original OMIM data to up to 7 levels in the

PhenOMIM data), comparisons can become more fuzzy of
nature, and thus introducing extra information that is encoded
in the categories and sub-categories.

Based on the above assumption, one may conclude that the
structure of the ontology (i.e. the structure of categories and
subcategories) is rather important for the results of any
comparison algorithms. An ontology as such can thus be
build up from various perspectives. One could take an
anatomical approach where the fingers are connected to the
hand, the hand connected to the wrist, and so on, but also
other approaches such as based on the embryologic origins of
the affected tissue.

IV. CONCLUSION

Although currently available systems like MeSH and
UMLS have enlisted comprehensive semantic coverage, it is
still difficult to directly apply such systems for the OMIM
data. Several conceptual gaps seem to exist, which include 1)
the MeSH and UMLS system have been established on the
basis of anatomy and therefore may be unsuitable for
definitions of birth defects; 2) conventional embryology has
focused primarily on the origins of various tissues and details
of development rather than pathogenesis of malformations; 3)
for gross features such as ’coarse face’, ‘short neck’ and
’joint contracture’, etc., no classification may be found from
the existing semantic systems. Therefore, our vocabulary may
serve as a special tool for analysis of the OMIM data.

The controlled vocabulary developed here can be used as a
platform on which various phenomics approaches may be
undertaken. For instance, text-mining procedures may be
designed to automatically parse other phenotypic information
based on this vocabulary. Along with other measures such as
sequence and protein-protein interaction analyses, phenotype
grouping may be performed for the prediction of gene
functions. Furthermore, phenotype mapping may also be used
for comparing different diseases to gain insights into their
underlying molecular mechanisms.

Our work has featured a first attempt to develop a structured
and controlled vocabulary based on the clinical features of
hereditary human disorders. Since it has been built up
manually, the vocabulary may provide more accurate
genotype-phenotype relationships. Involvement of several
doctors in our team has made this vocabulary rich in, or even
biased towards medical knowledge. As the OMIM database is
continuously updated, our controlled vocabulary will also
need to be regularly updated. For the next step, we will
continue to expand and improve the vocabulary to include
other phenotypic information (for instance those of gene
expression), and to make it compatible with other phenotype
databases and/or controlled entities, in particular the Gene
Ontology, the MeSH and/or the UMLS system. Furthermore,
algorithms may be applied to compare disorders using the
PhenOMIM vocabulary in order to derive potential
interactions underlying diseases with similar phenotypes.
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