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Abstract 
 

Recent development of genome and gene analysis 

technology enabled rapid accumulation of biological 

data. To utilize such huge data, a biologist needs to 

have resource-rich computing environment and user-

friendly analysis tool invocation. To response such 

requirements, we designed and implemented a virtual 

lab, named Virtual Collaborative Lab (V-Lab-Protein), 

using an efficient and flexible computing resource 

management and workflow engine with a user-friendly 

graphical workflow composer. Utility of our system is 

demonstrated by analyzing sample protein sequence 

sets. This is the first system of its kind that combines 

flexible workflow systems and on-demand compute and 

data resources (Amazon EC2/S3 in this case). We be-

lieve that this system design principle will be a new 

and effective paradigm for small biology research labs 

to handle the ever-increasing biological data. 

 

1. INTRODUCTION  

Recent development of genome and gene analysis 

technology enables even a personal research laboratory 

to generate a large amount of raw sequence data, i.e., a 

whole bacteria genome sequence, using new high-

throughput sequencing technologies such as Pyrose-

quencing [12]. However, most biologists do not have 

computational skill to handle such large amount of se-

quence data. In particular, there are two computational 

challenges.  

The first challenge is to build a computing environ-

ment to handle a large amount of data. Although com-

puting cost is getting cheaper, it is still expensive to 

purchase and maintain computing resources for biolog-

ical data analysis. More importantly, setting up and 

managing the computing environment is typically 

beyond the ability of a small group of biologists. The 

second challenge is to combine bioinformatics tools 

and databases. Biologists use a Web-based system 

which is typically designed to serve a single computa-

tional tool or database. Thus combining multiple tools 

and databases in the Web environment is a very chal-

lenging task for biologists. To overcome these two 

problems, we designed and implemented a virtual 

computing lab where a scientist can assign a dedicated 

computing resource in an on-the-fly manner, use the 

instant resource to analyze the raw data, and save the 

results in persistent disk storage which can also be 

shared with collaborators. 

In this paper, we present a virtual system for protein 

sequence analysis, called a virtual collaborative lab for 

protein sequence analysis, V-Lab-Protein in short. We 

address the following two challenges mentioned above: 

1. To facilitate setting up and managing a high per-

formance computing environment, we used 

Amazon's Elastic Computing Clouds, known as 

Amazon EC2, for virtual computing powers and 

Simple Storage Service, also known as Amazon 

S3, for persistent data storage. 

2. To address the difficulty in combining multiple 

computational tools and databases, we used our 

in-house workflow management system: Generic 

Service Toolkit, known as Gfac [5], a wrapper 

which converts any command-line application in-

to a Web application and XBaya [17], a user-

friendly graphical workflow composer written in 

Java, which provides a workbench filled with 

Web applications converted by Gfac. 

 

There are a number of systems for handling biologi-

cal data and workflow (see Related Work section). 

However, this is the first system that combines flexible 

workflow management systems and on-demand com-

pute and data resources (Amazon EC2/S3 in this case). 

We believe that this system design principle will be a 

new, effective paradigm for small biology research labs 

to handle the ever-increasing biological data. 
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The rest of the paper is organized as follows: In 

Section 2, we introduce main features of our V-Lab-

Protein system from a userôs perspective. The architec-

ture of V-Lab-Protein system is presented in Section 3 

and related work is discussed in Section 4. Finally, in 

section 5, we briefly summarize our V-Lab-Protein 

system and discuss our future work. 

 

2. PROTEIN SEQUENCE ANALYSIS USING V-

LAB-PROTEIN  

A typical procedure for analyzing and annotating 

protein sequences involves the use of multiple bioin-

formatics applications, such as Gibbs [19], ClustalW 

[8], and ARCS [2], and needs to run several queries 

against annotation databases such as Prosite [13] and 

Pfam [16].  

For novice users, it is hard to learn how to correctly 

use such various applications and databases and ex-

ecute them in the right order. Furthermore, many of the 

applications provide only a command-line interface 

running on the text-based terminal environment that 

biologists are not familiar with. To overcome such a 

problem and provide a user-friendly interface, a 

workflow concept with a graphical workflow composer 

can be used. By using a simple graphical workflow 

composer, a user can easily construct a complex 

workflow with several mouse movements. Once a 

composed workflow is activated with a list of applica-

tions and data input, a workflow engine automatically 

marshals the required compute and data resources 

needed to execute the pipeline. In our V-Lab-Protein 

system, we used the Generic Service Toolkit, known as 

Gfac [5], as a wrapper which converts any command-

line application into a Web application and XBaya [17]  

(Figure 1) as a user-friendly graphical workflow com-

poser written in Java. Note that XBaya can be executed 

virtually in any computing environment for the use of 

Java GUI. Details are discussed in the next subsection.   

Another barrier to a novice user is the expensive 

cost for building computer infrastructure. Due to com-

putation-rich characteristics of bioinformatics applica-

tions, the need for higher computing powers is increas-

ing. For this reason, a super computer or a Grid system, 

which is a group of multitude computing units, is wide-

ly deployed and used among many bio research centers 

and institutes. However, the cost to build such powerful 

computing resources is still too expensive for a small 

group of researchers. On the other hand, cost of obtain-

ing new biological data becomes cheaper and even a 

small lab can produce tons of protein sequences in an 

efficient way and thus the need for cheap and powerful 

computing resources is also increasing accordingly.  

To respond this requirement, a virtual computing 

cloud service, which provides a collection of virtual 

computing instances in an on-demand manager, has 

been introduced by a few private sectors. The most 

prominent example is the Amazon Elastic Compute 

Cloud, which is a commercial pay-per-use service for 

anybody at surprising low cost. The model of dynami-

cally loading a virtual machine onto a remote compu-

ting resource is also under evaluation by the NSF Te-

raGrid. By using a virtual computing cloud service, any 

computing resource can be dynamically assigned at any 

time. Instead of paying expensive cost for building or 

maintaining persistent computing resources, a user can 

pay only for the number of virtual computing instances 

he or she used in the cloud. In our V-Lab-Protein sys-

tem, we use Amazonôs Elastic Computing Cloud (EC2) 

service as a virtual computing cloud.  

Application Informa-

tion Panel:  
Displaying selected 
applicationôs in-
put/output information. 

Monitor Panel: 
Execution status 
information of a 
workflow will be 
shown through this 
panel. 

Workbench Panel: 
Showing a list of 
available bioinformat-
ics applications to be 
used for workflow 
composition. 

Workflow Compos-

er Panel: A user can 
drag and drop appli-
cations from the 
workbench panel to 
compose a workflow. 

Figure 1. A screen shot of XBaya, a graphical Java GUI based workflow composer. XBaya consists 

of 4 main panels: a workbench panel, an application information panel, a workflow composer pan-

el, and a monitor panel. The example shows a task of aligning biological sequences using Clus-

talW and computing conserved regions in the multiple sequence alignment using ARCS.  
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Our V-Lab-Protein system for protein sequence 

analysis is designed to provide the followings: 

¶ A workflow engine with a user-friendly graphical 

workflow composer.  

¶ Flexible computing infrastructure by using a vir-

tual computing cloud.  

¶ Simple Web interfaces.  

 

In the following, we describe how to use our V-Lab-

Protein system for protein analysis and annotation. We 

emphasize that ordinary users, biologists, do not have 

to know the details described in this section, which are 

described to explain how the system works. 

 

2.1. Application Services 
To utilize the biological data for research projects, 

multiple tools should be combined. Thus, interoperabil-

ity between tools is important. Unfortunately, however, 

most bioinformatics applications are not designed with 

such interoperability in mind. They are mostly stand-

alone and platform-dependent. To overcome this prob-

lem, application services have been proposed. An ap-

plication service is, as defined in [5], a Web service 

which can invoke a command line application.  

To invoke a Web service, a user can simply use 

Simple Object Access Protocol (SOAP) messages or 

Representational State Transfer (REST) messages, 

which is a standard Web service protocol. Thus, once 

deployed as an application service, bioinformatics ap-

plications can be executed remotely through a unified 

way using SOAP or REST. Sometimes we call such a 

command-line application a Web application since the 

invocation is through the Web service.  

To convert a bioinformatics application into an ap-

plication service, we use a tool, called Generic Service 

Toolkit (Gfac) [5].  Gfac provides two services, a fac-

tory service and a registry service. The Gfacôs factory 

service allows users to wrap any command-line bioin-

formatics application to convert it into an application 

service and execute it by sending a Simple Object 

Access Protocol (SOAP) message.  

To execute bioinformatics applications remotely 

through the Gfacôs factory service, a user needs to 

know which applications are available to execute and 

what their specifications of input and output parameters 

are to build a SOAP message. For this purpose, Gfac 

provides a registry service with which a user can dis-

cover a list of available application services to execute 

and get information about input and output parameters. 

For example, by accessing Gfacôs registry service, a 

graphical workflow composer, called XBaya [17], can 

provide the list of available applications in its work-

bench panel (Figure 1) and a user can use them to 

compose a workflow (More details are discussed in the 

next subsection). 

In other words, to execute a command-line applica-

tion through an application service, each command-line 

application needs to be registered with its input and 

output parametersô specification through a registration 

process. For this purpose, the Gfac provides a registra-

tion portlet which can be easily deployed in a Web 

portal. Registration is a one-time setup procedure 

which needs to be done by an administrator. Thus, 

normal users do not need to care about this procedure. 

For more detail information about registration process, 

we recommend readers refer to [5] and its user guide. 

 

2.2. Workflow  Composition 
The workflow concept has been introduced in the 

scientific communities to execute a batch of multiple 

tasks by reducing a userôs involvement and enables a 

user to repeat the same task with ease. A workflow is a 

directed acyclic graph where each inner node is an ap-

plication to execute and an edge between two nodes 

represents a flow of data. A starting node and an end 

node in a workflow graph correspond to an input and 

an output data respectively. An example of a workflow 

is shown in Figure 2.  

Figure 2. A simple workflow composed by 

XBaya. The given workflow will execute Clus-

talW and ARCS consecutively with an input 

name and a username as input parameters 

yields a file name as an output. 
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To build a workflow and execute it, our V-Lab-

Protein system uses a graphical workflow composer, 

called XBaya [17]. In addition to the easy-to-use inter-

face, the XBaya is coupled with Gfac to fetch the list of 

available Web applications or send a request to execute 

an application through a Web service standard protocol 

using SOAP messages. (Workflow execution is dis-

cussed in the next subsection.) 

A list of available Web applications to execute in 

the XBaya is shown in the workbench panel (Figure 1). 

To build a workflow, a user can simply do drag-and-

drop one of the available applications from the work-

bench panel as shown in Figure 3 (a). In the same way, 

input and output parameters can be added from the 

same panel. To create an edge between nodes, a user 

can simply push and release a mouse pointer over them 

(Figure 3 (b)). For more information about using 

XBaya, we recommend readers refer to [17].  

 

2.3. Workflow Execution and Monitoring  
Once a workflow is ready, a user can execute the 

workflow by using the XBaya. XBaya will follow a 

workflow sequences on the behalf of a user by sending 

an execution request to the Gfacôs factory service as 

discussed in 2.1.  

When starting a workflow, the XBaya will prompt a 

dialog to a user to get necessary input data. After then, 

the XBaya will start to execute a workflow. For each 

execution in the workflow, it sends SOAP messages to 

the Gfacôs factory service which in turn invokes cor-

responding Web applications.  

After starting execution, XBaya can also monitor 

(b) Creating an edge between two nodes (a) Adding a node 

Drag-and-drop a component 
from the workbench panel. 

Push the mouse button at the start 
point and release it at the end point. 

Figure 3. Composing a workflow by using XBaya. A user can (a) add a node by doing drag-and-

drop one of available applications from the workbench panel and (b) create an edge by pushing 

and releasing a mouse pointer between two nodes of a workflow. 

Changed color 

Added new status information 

(b) After execution (a) Before execution 

Figure 4. Monitoring execution status in XBaya. Status messages will be automatically added in 

the monitor panel. Pictures are example screenshots for (a) before-execution and (b) after-

execution of ClustalW.  


