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ABSTRACT 
Background: Protein Domains are functional/structural units within a protein and they are responsible for a particular type of 

interaction or function in that protein. Domains can be analyzed and compared through databases of proteins such as PFAN, 

InterPro, ProSite, among others, and its study is fundamental for some fields of study such as medicine, biology and biochemistry, 

among others. When manipulating the functional-domain prediction output files generated by local Pfam Scan, files with large 

collections of proteins are found to require long times for the manual organization of results, which defers the corresponding 

analysis process. Objective: In order to provide researchers with a significant time-saving strategy, a web-application called 

DomArch Viewer is introduced. This application assists researchers in the automatic construction, graph-making and verification of 

functional architecture domains. Additionally, this tool has a user friendly graphical interface and it reduce significantly the spent 

time in the prediction of functional domains and comparison against databases. Results: An open source software was developed 

and published under the name DomArch Viewer. This program was built with JavaScript libraries and the PHP programming 

language for its deployment on the web. Finally, a production server open to public was build and its demo version is freely accessible 

at http://bioinfud.com/domarch/. Its source code is freely accessible at: https://github.com/BioinfUD/DomArch. Conclusion: It was 

possible to develop an application that significantly reduces the time spent in organizing and verifying functional domain 

architectures, which allows researchers to focus on the analysis of results rather than on a tiring, time-consuming process. 
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INTRODUCTION 

 
Bioinformatics is a field of study that takes advantage of computing for processing biological data, having a 

great impact on areas of knowledge like medicine (e.g., Ophthalmology [1], body exploration [2]), Information 
security (e.g., biometric authentication [3] [4]), among others. This article focuses on the area of bioinformatics 
for processing proteins data, specifically the prediction of functional domains. 

Domains are the various functional/structural units that may exist within a protein [5]. Generally, domains 
are responsible for a particular type of interaction or function [6]. Domains may exist in a variety of biological 
contexts; thus, the study of domain architectures is essential to understand protein global functionality.  

One of the current and most commonly used tools for predicting functional domains is the so called Pfam 
Scan which it is part of the EMBL-EBI’s framework [7] , which is based on Hmmer (http://hmmer.janelia.org/) 
[8], Pfam Scan yields a plain-text file that contains information about domains. After such a file is obtained, 
researchers proceed to manually organize the corresponding information, which entails reading each line of the 
file in order to find the architecture of single proteins. Once the protein architectures have been found, a one-by-
one architecture search must be performed on the various Pfam databases [9], which results in processes that 
take longer to be completed. Currently available tools [10] only allow protein processing on an individual basis. 
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To solve the problem presented above, it can take advantages presented by open source protein databases, 
to automate the process of comparison with public databases (with several databases at the time). Additionally, 
this process can be replicated to process thousands and even millions of proteins, plotting and comparing its 
existence on the desired data bases. 

This paper presents a tool intended to automate the analysis involved in Pfam-Scan output-file processing. 
The tool builds and plots the architecture of every single protein, also verifying whether such architectures have 
been reported in the Pfam database at Sanger Institute. 

The main contribution of this research to knowledge is to present an approach for automating the prediction 
of functional domains, using real genomic data and allowing researchers to apply this method with different 
databases through the open source software proposed. Additionally, the software proposed here gives an 
approach in future work to develop software for cloud computing [11] of genomic and transcriptomic data. 

 
Methodology: 

DomArch is a bioinformatics tool that automates the illustration and construction of functional domain 
architectures (figure 1); also verifying the existence of such architectures in the Pfam database at Sanger 
Institute. DomArch is web-service oriented, offering a user-friendly graphic inter-face as well as the possibility 
of both local-host and cloud-based use.  

 

 
 

Fig. 1: Architecture graph. 
 

Software architecture: 
DomArch consists of 4 modules that form a workflow (Figure 2). In order to run and integrate these 

modules, a set of additional tools (cross-applied to all modules) is required. The following is a description of the 
modules, the corresponding workflow, and the cross-applicable addition-al tools. 

 

 
 

Fig. 2: DomArch Viewer general architecture. 
 

Cross-applicable software components: 
In order to implement DomArch, three cross-applicable tools are required. The first tool corresponds to 

MySQL (http://www.mysql.com/) [12], which is a relational database management system. The second tool is 
PHP (http://www.php.net/) [13], which serves as an open-source programming language intended for web 
development. The last tool corresponds to Apache [14] (http://httpd.apache.org/), which is an open-source, 
multi-platform web server. 
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Pre-Processing Module: 
This module deals with the processing of the Pfam Scan output file, which is converted into a processable 

data structure (i.e. an array). This module reads the plain text contained in the Pfam Scan file and stores its 
processed content into a particular data structure, namely an “Array”, by using rows that represent information 
about the functional domains of each protein (figure 3). The scripts involved in this module are as follows: 

 
• Procfile.php. Inputs: A Pfam-Scan output files containing the list of proteins and their functional 

domains. Output: an array including the architectures and their corresponding domains. 
 

 
 

Fig. 3: Pre-processing module. 
 

Architecture Builder: 
This module is intended to build a data structure for the graph-maker to process (figure 4). The module 

reads each column in the Array and stores the general and specific information from each domain in “region-
type” and “metadata-type” objects, respectively. Subsequently, the module groups these domains (i.e. regions 
and meta-data) according to their corresponding proteins and finally builds the architectures by exporting the 
information to a particular data structure (namely JSON) that the graph-maker can process. The scripts involved 
in this module are as follows: 

 
• Region.php. Input: an array containing the architectures and their corresponding domains. Output: one 

object for each domain. 
• Metadata.php. Input: an array containing the architectures and their corresponding domains. Output: a 

Metadata-type object for each domain.  
• Architecture.php. Input: A set of Region-type objects. Process: the process groups the various domains 

according to the protein they belong to and also builds the associated architectures. Output: A JSON-type data 
structure that contains all architectures. 

 

 
 

Fig. 4: Architecture-builder module. 
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BDA: 
This module is in charge of establishing connection to the database and also of retrieving the necessary data 

for building the architectures in question (figure 5). The scripts involved in this module are as follows: 
 
• Sql.php. Process: the process establishes connection to database mysql and runs the corresponding 

queries. Outputs: an object containing the data retrieved from the queries. 
 

 
 

Fig. 5: BDA Module. 
 
Graph Maker: 

The Graph-Maker Module converts the JSON-type data structure into images that are displayed by a web 
browser (figure 6). This module actually reads the JSON data structure in order to extract the architecture’s 
information. Thus, the module makes a graph of each architecture (on a one-by-one basis) by using the HTML5 
“canvas” label. Finally, the module produces an HTML file, which will be displayed on the user’s web browser. 
The elements involved in this module are as follows: 

 
• domain-graphics.js. Input: a JSON-type data structure containing the architectures to be plotted. 

Output: an html file to deploy the browser 
 

 
 

Fig. 6: Graph-maker module. 
 

Results: 
When running the software application, three specific sub-processes are carried out. The fist process 

uploads the Pfam output file into the server; the second process builds the architectures; finally, the third process 
plots the architectures in question. Since the file uploading process depends entirely on the quality of internet 
connections, this first process shall not be assessed. 
 
Data sets and metrics: 

In order to carry out the assessment process, 10 files were selected. These files were obtained from 10 
functional domain analysis processes using Pfam Scan. Table I shows the amount of proteins that were 
processed together with the number of predicted domains that were found from each of the files. 
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Table 1: Description of the test files. 
File #Proteins # Predicted domains 
1 119 437 
2 48 144 
3 243 1046 
4 30 267 
5 2036 5005 
6 4129 10341 
7 6162 15182 
8 8259 20399 
9 10178 24952 
10 13631 34114 

 
As shown in table 1: in the first column test files used in the test are listed. In the second column the 

amount of protein contained in each file is displayed. In the third column the results of predicted domains are 
shown for each file. 

 
Configuration: 

The tests are carried out using a 4GB-RAM server with a 3.8GHz 4-core processor. The resources of the 
server assist only the operating system and the necessary services for running DomArch (i.e. Mysql, Apache and 
php), which corresponds to 75% of the RAM’s resources and 90% of processing capacity available. 

 
Data obtained for architecture building: 

Table 2 shows the data associated to the collected from each of the test files. From the data collected during 
this test, it was possible to calculate the amount of domains per second that were processed. These calculations 
revealed an average rate of 11392.72046 domains per second. 

 
Table 2: Architecture-building-time test 

File #domains Building time (sec) 
1 437 0.0409 
2 144 0.0084 
3 1046 0.0827 
4 267 0.0183 
5 5005 0.5312 
6 10341 1.1858 
7 15182 1.7664 
8 20399 1.91362 
9 24952 2.4629 
10 34114 3.5671 

 
As shown in table 2: in the first column test files used in the test are listed. In the second column the 

amount of domains contained in each file is displayed. In the third column the results of time per predicted 
domains is shown for each file. 

Fig 7 shows the relation between the amount of processed domains and the time required for building the 
corresponding architectures. 

 

 
Fig. 7: Relation between processed domains and time. 
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Data obtained for graph-making: 
Table 3 illustrates the graph-making time-related data for each of the test files. Form the data collected in 

the previous test, it was possible to calculate the amount of architecture graphs that were made per second. 
These calculations yielded an average rate of 48.45209074 graphs per second. 

 
Table 3: Architecture graph-making-time test 

File # Architectures Graph-making time (in seconds) 
1 119 3.0119 
2 48 1.0402 
3 243 7.4742 
4 30 0.9701 
5 2036 16.5181 
6 4129 58.8261 
7 6162 126.5214 
8 8259 216.774 
9 10178 327.075 
10 13631 566.547 

 
As shown in table 3: in the first column test files used in the test are listed. In the second column the 

amount of Architectures contained in each file is displayed. In the third column the results of time per 
architecture graph is shown for each file. 

Fig 8 shows the relation between the amount of processed architectures and the time required for their 
graph-making. 

 

 
 

Fig. 8: Relation between architecture graph-making and time. 
 

Discussion:  
DomArch Viewer is an easy-to-use application intended for researchers. The application is capable of 

processing and making graphs of thousands of functional domains within a few seconds. Additionally, the 
application exhibits the following performance traits: 

When further analyzing the results, it was observed that the architecture-building process shows a linear 
behavior. This suggests that the required processing capacity grows in the same proportion to the amount of do-
mains to be processed. These results suggest that to process millions of domains, this will take only a couple of 
minutes. 

On the other hand, when making the graphs of the various architectures, it was observed that the graph-
making process shows an exponential behavior. These results suggest that if the number of architectures to 
plotting is big (more than a million), then, greater computational resources are needed in the side of the user to 
reduce the graph time. 
 
Conclusion And Recommendations: 

It was possible to develop an application that significantly reduces the time spent in organizing and 
verifying functional domain architectures, which allows researchers to focus on the analysis of results rather 
than on a tiring, time-consuming process.  
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It was found that the algorithm for plotting architectures directly affects software performance in general 
and this is caused because the graphing process runs on the user (in the web browser), to solve this potential 
performance problem, it might run the graph library on the server side. 

As future work, it is recommended to compare architectures with other databases different from PFAN to 
give the opportunity to researchers to find interactions or functions that are reported very recently or are only 
reported in other databases. Additionally, it is important for researchers to present the architecture graphics 
according to a specific template, to accomplish this, it is necessary the development of graphical themes that 
allows the end user to change colours and figures that represent the architectures. 

Finally, it is expected that this work will serve as a basis for the possible development of a cloud computing 
system for processing proteins or even other types of genomic data. 
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