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The biomedical domain is extensive and complexirFtbe perspective of information technology, this
complexity translates into multiple, heterogenedasabases, offering limited interoperability. Thiestf
step towards getting a better understanding ofethhesources is for users to be able to visualizé an
navigate them. This paper presents some issuesualizing and navigating biomedical ontologies and
knowledge bases through case studies of two apipitsadeveloped at the U.S. National Library of
Medicine. SemNav' is a browser developed for visualizing and nawgpbiomedical concepts from the
Unified Medical Language Systém(UMLS®). GenNav?, developed more recently, allows users to
visualize the Gene Ontology™ (GO) database graphiead to navigate between concepts in GO, gene
products annotated with these concepts, and #ratitre used as evidence for these annotations.

Background

UMLS

The Unified Medical Language Syst&ftUMLS), developed and maintained by the U.S. Natid.ibrary

of Medicine, comprises two major components, theathesaurdsand the semantic network. The UMLS
Metathesaurus contains over 1.5 million Englisimdrawn from more than sixty medical vocabularies,
and organized in some 800,000 concepts. While tyaamlering the clinical subdomain of biomedicine
(over 150,000 concepts are categorized as disomtefiadings), the UMLS also represents many genes
and gene products, especially those included aslesmentary concepts in the Medical Subject Headings
(MeSH). In the UMLS, each concept is categorizedngans of semantic types from the semantic network.

The Gene Ontology database

The Gene Ontology™ projéctseeks to provide a set of structured vocabulaidesspecific biological
domains that can be used to describe gene proutuatsy organisms”. Gene Ontology (GO) is developed
and regularly updated by the Gene Ontology ConsortiThe three subdomains of GO are molecular
functions, biological processes, and cellular congmts. Each subdomain is organized as an independen
hierarchy of concepts (called “terms” in GO). GGedmot provide an ontology of genes or gene praguct
but rather serves as a controlled vocabulary ftlalgorating centers to annotate their databases.d@
database, however, integrates these annotatian fiteviding a link between gene and gene prodoicts
the one hand and the three subdomains of GO. Antgb&ure of the database is to provide pointethi¢o
biomedical literature when journal articles areduae evidence for the annotations.

Mapping text to knowledge bases

In the early stages of the UMLS project, techniqwese developed to map text to concepts in the UMLS
resulting from the study of lexical variation in dieal vocabularies. For example, methods were dpesl

for normalizing medical terms. Normalization malkke input and target terms potentially compatible b
eliminating such inessential differences as inftectcase and hyphen variation, as well as worcderord
variation. More sophisticated techniques (e.g.Me¢aMap program) were developed, allowing for ijphrt
matches. These techniques are used by various UbA8d applications, includirggmNav.

! http://lumisks.nim.nih.go® Resource® Semantic Navigator (free UMLS registration reqdjre
2 http://etbsun2.nlm.nih.gov:8000/perl/gennav.pl

% http://umisks.nim.nih.gov (free registration rewggi)

* http://www.geneontology.org/
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While the normalization techniques developed fodiced terms can be applied to other terminolodies,
characteristics of gene names may limit their usefs in molecular biology. On one hand, these
techniques may suggest similarity between termsar@a not synonymous. In fact, while word order can
generally be ignored in clinical terms, it oftenttaes in molecular biology terms. For example, tirens
3'-5’ exonucleaseand5’-3' exonucleaseshould not have the same normalized form. On therchand,
these techniques may fail to identify similarity @my gene names or symbols. For example, although
naming homologous gene products, the two symba@E1l_HUMANandFgfl do not result in the same
normalized form. Neither do the corresponding natdeparin-binding growth factor 1 precurs@and
Fibroblast growth factor 1 (heparin bindinglh GenNav, so far, we use simple but limited string matching
techniques (exact or partial) on gene names anth@gmncluding the synonyms.

Visualization

The visualization of complex and extensive knowkedgructures poses specific challenges, namely to
represent enough significant information while timg the cognitive load. While powerful methods for
browsing the literature have been developed byitfermation retrieval (IR) community and are now
implemented in virtually any IR system, little attion has been paid to visualization techniqueeibped

for displaying complex knowledge structures. Fomaraple, the tree metaphor, well adapted to the
representation of single inheritance hierarchidalicsures such as file systems, is also often deed
representing polyhierarchical structures and dé@eicyclic graphs, imposing a significant cognigftort

on users for recreating a graph from multiple trdasboth SemNav and GenNav, we use the graph
visualization package GraphVizo generate graphical representations of muliipteritance. However,
while we take advantage of graphical representdtiodisplaying hierarchies, we still use listsépresent
concepts in associative relationship (e.g., corsceptoccurring with a given disease, and gene mtsdu
annotated with a given molecular function). Consdptassociative relationship are often many, dd t
justification for their spatial location on the gtais less obvious.

Another element for limiting the cognitive loadt@sreduce the complexity of what needs to be remtes!.
In SemNav, a transitive reduction is performed on compleaphs in order to limit the hierarchical
relationships displayed to those that cannot beriaél by transitivity. It is also often possibleréstrict the
concept space to a smaller space by focusing daic@haracteristics, e.g., a given vocabulargémNav
or a given species iBenNav. Finally, the features to be displayed may alssddected by users.

Navigation

Navigation features allow users to adopt an expioyaattitude while getting involved with the knadge.

In particular, by navigating, users can explore associations represented in the knowledge bage (e.
between diseases and manifestations, between gedecfs and GO concepts). To be fully powerful, the
navigation must result in sliding a window on thatal i.e., in providing the user with a different
perspective on the data. For exampleGamNav, starting from the space of gene products, a igsrst
presented with the GO concepts annotating this geoguct. By selecting any of these GO concepts, th
user is transported into the space of GO concéqmsy which all gene products annotated with the GO
concept of interest are displayed. In this explosatmode, users can formulate hypotheses to bedtdst
more exploration or experiments.

Navigation may also lead to external databases. &xample, the GO database contains pointers to
Pubmed, an interface to the MEDLIRBibliographic database. These links can be aefivit GenNav

and other GO browsers, allowing users to accessdtimments supporting the annotations of gene
products with GO concepts.

Most of the lessons learned while developBegnNav (for browsing general biomedical knowledge) were
applicable toGenNav (for browsing molecular biology knowledge). Howevéhe lexical techniques
suitable for mapping text to clinical terminologiesjuire adaptation to the specificity of molecualogy
terminologies.

® http://www.graphviz.org/



