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a b s t r a c t
Since the genome project in 1990s, a number of studies associated with genes have been conducted and
researchers have conﬁrmed that genes are involved in disease. For this reason, the identiﬁcation of the
relationships between diseases and genes is important in biology. We propose a method called LGscore,
which identiﬁes disease-related genes using Google data and literature data. To implement this method,
ﬁrst, we construct a disease-related gene network using text-mining results. We then extract gene–gene
interactions based on co-occurrences in abstract data obtained from PubMed, and calculate the weights
of edges in the gene network by means of Z-scoring. The weights contain two values: the frequency and
the Google search results. The frequency value is extracted from literature data, and the Google search
result is obtained using Google. We assign a score to each gene through a network analysis. We assume
that genes with a large number of links and numerous Google search results and frequency values are
more likely to be involved in disease. For validation, we investigated the top 20 inferred genes for ﬁve
different diseases using answer sets. The answer sets comprised six databases that contain information
on disease–gene relationships. We identiﬁed a signiﬁcant number of disease-related genes as well as candidate genes for Alzheimer’s disease, diabetes, colon cancer, lung cancer, and prostate cancer. Our
method was up to 40% more accurate than existing methods.
Ó 2015 Elsevier Inc. All rights reserved.

1. Introduction
Since the human genome was sequenced, a large number of
gene-based studies have been performed, and vast amounts of
gene data have been generated. These data are stored in databases
such as the Online Mendelian Inheritance in Man (OMIM) database
[19]. Extracting hidden information from these databases offers
new research opportunities and challenges. One of the best known
tools with which to extract knowledge is text-mining.
In the biomedical area, text-mining has been used to identify
biological entities such as protein and gene names in the literature.
Furthermore, text-mining can reveal novel relationships among
biological entities. Text-mining can provide opportunities to
reduce the time and effort needed to extract relationships between
biological entities from a large amount of publications. Interest in
text-mining is increasing due to the increasing number of electronic publications stored in databases such as PubMed [26].
Furthermore, Swanson’s ABC model [1,2] makes text-mining a feasible approach.
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Network analysis also plays an important role in biological
research. Gene networks, which describe gene–gene interactions,
and protein networks, which describe protein–protein interactions, allow the visual relationships among biological entities in
complex biological systems to be presented in a simple, clear manner. Network analysis also provides an opportunity to analyze
which relationships are meaningful among various candidates. A
network analysis provides several analysis measures as well, such
as degree centrality, closeness centrality, and betweenness centrality to identify novel relationships among the large numbers of relationships in the network.
Several techniques have been developed to extract hidden information using text-mining and network analysis. Li et al. [16] tried to
integrate both literature and microarray gene-expression data. They
constructed a gene network using the co-occurrence-based textmining method and then reﬁned the network using microarray data.
Their results showed that the network by Li et al. is more reliable
than the co-occurrence-based network. Gonzalez et al. [10] presented a method which uses literature data and interactions. They
extracted an initial set of genes and proteins from the literature
and then integrated the set with interactions from the curated databases of BIND and DIP. They then constructed a network based on
these data, ranking the genes and gene products using a combina-

