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Abstract. The technological advance in biomedicine field has led to the creation 
of large and dispersed heterogeneous data silos. The researchers manually ex-
plore the information from these silos to find the relationship between DNA al-
terations and diseases. This task is tedious and time-consuming due to a large 
number of dispersed data sources, the volume of information to analyze, and the 
heterogeneity of the content format. In this article, we report the design of a tool 
based on mashups and interactions to identify the cause-effect relationship be-
tween diseases and alterations in the human genome considering the challenges 
of data integration and the support to different formats of content. The proposed 
tool is not limited to the genetic domain, rather it can be applied to several do-
mains characterized by dispersed data sources and heterogeneous data formats. 
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1 Introduction 

The large, format-heterogeneous, and world-dispersed biomedical databases [1] be-
come valuable knowledge silos for diagnosing or providing medical advice about a ge-
netic disease. A disease is documented in the DNA sequence by the alterations known 
as genetic variations. Exploring and analyzing the biomedical databases to identify the 
relationship “genetic variation - disease” supposes technological challenges such as the 
integration of the biomedical databases and the implementation of interactive mecha-
nisms to facilitate the data discovery. 

This manual process for finding the “genetic variation-disease” relationship is tedi-
ous and time-consuming. By using different biomedical databases web portals, the re-
searchers search for information about a disease and its genetic variations related. The 
web portals contain different content formats (e.g. web text, images, videos, PDF doc-
uments) and each one with a different logic to operate and present the information. The 
findings are documented manually in extensive Excel spreadsheets where each row 
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corresponds to a genetic variation and each column serves to annotate the detailed in-
formation about the relationships with a certain disease. The spreadsheet content is 
stored in a local repository that becomes the source of wisdom for further studies and 
genetic diagnoses.  

This manual process is tedious and time-consuming. It creates the need for dynamic 
and interactive mechanisms that allow the consumption of dispersed information con-
sidering the support to the variety of formats of the data. 

The main contribution of this paper is the design of a tool to explore the biomedical 
data considering the underlying integration of the several and heterogeneous data re-
positories. 

This work is organized as follows. Section 2 describes some approaches to explore 
biomedical information. Section 3 describes the design of the tool. Section 4 presents 
the conclusions and the next steps in the line of investigation. 

2 Related Works 

In the biomedical science field, there are several tools that integrate different medical 
data sources and allows to explore the data to draw relevant information about certain 
diseases. Specifically, in the field of genetics, existing applications are aimed at dis-
covering the relationships between diseases and different pieces of the genome.  

Applications such as [2] and [3] are web portals for gene annotation that allow re-
searchers to access various dispersed biomedical data sources. The first application is 
a mashup web application that integrates several biomedical data sources provides a 
user interface made up of visual components called "plugins" that can be created and 
customized by the end users. The second application integrates the information of sev-
eral existing wikis in the field of biomedical sciences by using wiki technology and 
natural language processing. In [4] a method based on linked data techniques is pre-
sented to facilitate the “disease-genetic variation” relation discovery.  

We focus on exploring the relationship between genetic variations and diseases by 
using the knowledge from user interactions and the mashup capabilities. 

3 Tool design 

To facilitate the implementation of the user interface and the integration of the various 
biomedical data sources, we have decided to design the application using the mashups 
concept. A mashup is a way to integrate and reuse in a single view the content provided 
by other web sources. The application allows researchers, without programming skills, 
to easily create a dashboard incorporating different visual components called widgets. 
Each widget covers a specific need to display information (e.g., to visualize the total 
amount of literature distributed per publication year) by consuming data from a web 
microservice exposed by the corresponding data source. In our case, the biomedical 
data sources we have defined to consume in a first step are PubMed  [5], Clinvar [6], 
dbSNP [7] which are managed by the NCBI [8] and they are accessible through an API 
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(application programming interface) called Entrez Utils1. The API makes it possible to 
retrieve data based on search terms (e.g., author name, search term, journal name, pub-
lication date). To improve the search criteria and help the researcher to find relevant 
information, the application suggests new terms to expand the domain knowledge by 
executing an algorithm that identifies similar interactions stored in a historical data 
source of interactions and compare with the current user interaction. 

The widgets display the heterogeneous information retrieved (e.g., PDF documents, 
images, web text, video). With the information in hand, the researcher identifies the 
relationship “genetic variation – disease” and stores it in a database of knowledge of 
genetic diagnosis that we have called the “oracle of genetic diagnosis” since it becomes 
the source of knowledge to carry out future diagnoses. Figure 1 depicts the process of 
interaction between the user and the tool.  

Fig. 1. Tool design for exploring diseases related to genetic variations 

 
Step 1.- The researcher enters the identifier of the genetic variation to be studied 

through a widget created and placed on the dashboard. 
Step 2.- Every interaction the researcher performs with the widgets is registered in 

an interaction knowledge database that contains historical interactions. 
Step 3.- Each interaction performed becomes the input parameter of an algorithm 

that operates the data from the interaction knowledge database and finds similar inter-
actions. The application uses these interactions to assemble requests and send it by con-
suming the microservices exposed by each biomedical data source. 

Step 4.- The information retrieved from the biomedical databases is displayed by 
each widget in the user interface. Widgets are interactive and can be connected to each 
other, facilitating the data discovery. When selecting a data in a widget, the other con-
nected widgets are updated automatically showing information related. 

Step 5. Once the information of the genetic variation has been contextualized with 
the information coming from the biomedical data sources, the researcher selects the 
                                                             
1  https://www.ncbi.nlm.nih.gov/books/NBK25501/ 
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relevant information and stores it in a local repository called genetic diagnosis 
knowledge database (GDKD). 

In this process, the end user participation is important, indeed, the user participates 
actively in the 1 and 5 steps. In Step 1, the user creates the dashboard by adding suitable 
visual components to explore and analyze the data. In Step 5, the user creates and re-
fines the GDKD by adding new “genetic variation – disease” relationships.  

4 Conclusions and Future Works 

This paper reports a work in progress about the design and implementation of a tool 
aimed to integrate several biomedical databases and facilitate the data exploration 
through navigation recommendations obtained from an user-interactions database. 

The implementation involves the integration of several disciplines such as infor-
mation security, data quality, user interface, database administration and machine learn-
ing. Therefore, our expectation is to make several contributions from each discipline. 
As a starting point, we are working on two contributions: the interaction mechanisms 
at the user interface level and the integration of biomedical databases. The next contri-
butions will be the issues of quality and data security. Data quality is related to the 
definition of quality parameters that allow filtering the information consumed and that 
are adjusted to the user data analysis needs. The security of the data is related to the 
definition of information security protocols to certify that the information consumed 
comes from a reliable source. 
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