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Abstract— Cost, handling the huge data and portability of the 

devices of the research systems are the major problem in 

bioinformatics. The lack of synchronization between 

bioinformatics tools and the advanced hardware creating a gap 

for the bioinformatics research. Big size of the hardware makes 

the computation limited to a certain place reduction in the size of 

hardware makes it a portable device. To overcome all these 

problems we are integrating bioinformatics tools with a cost 

effective hardware. 
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I. Introduction  

Need of high end servers for handling huge data and their 

maintenance is extremely a bottleneck and Portability of data 

for analysis is mandatory due to highly inter disciplinary in 

nature of bioinformatics. So, we attempted to develop a Cost 

effective computational portable system by combining the 

bioinformatics tools with advanced hardware. An integrated 

approach between advanced electronic devices and 

Bioinformatics tools to address the need of high computational 

need in the health sector. 

II. Materials & Methods 

Beagle Bone board with the hardware specification of 1 GHz 

Processor, 512 MB of RAM, inbuilt 3D accelerator was taken 

and Ubuntu OS installed on it.   We integrated bioinformatics 

tool BLAST, FastX, Bowtie 2.0, FastQC into beagle bone chip 

for performing the high throughput analysis. We also 

integrated BeagleLCD2 Expansion Board - 4.3" wide aspect 

LCD panel for enhancing touch screen with interface board. 

This will enable scientist to work on their data from their 

mobile devices. 

A. BeagleBone Black 

The BeagleBone is a low-power open-source hardware single-

board computer produced by Texas Instruments in association 

with Digi-Key and Newark element14. The BeagleBone was 

also designed with open source software development in mind, 

and as a way of demonstrating the Texas Instrument's 

OMAP3530 system-on-a-chip. The board was developed by a 

small team of engineers as an educational board that could be 

used in colleges around the world to teach open source 

hardware and open source software capabilities. It is also sold 

to the public under the Creative Commons share-alike license. 

 

 

 

Figure 1: Beagle Bone top view  

B. Blast 2.2.24 

BLAST 2.2.24 command line applications developed at the 

National Center for Biotechnology Information (NCBI). These 

applications have been revamped to provide an improved user 

interface, new features, and performance improvements 

compared to its counterparts in the NCBI C Toolkit.  

C. FASTX 
The FASTX-Toolkit is a collection of command line tools for 

Short-Reads FASTA/FASTQ files preprocessing. Next 

Generation sequencing machines usually produce FASTA or 

FASTQ files, containing multiple short-reads sequences 

(possibly with quality information). The main processing of 

such FASTA/FASTQ files is mapping (aka aligning) the 

sequences to reference genomes or other databases using 

specialized programs. Example of such mapping programs are: 

Blat, SHRiMP, LastZ, MAQ and many others. However, it is 

sometimes more productive to preprocess the FASTA/FASTQ 

files before mapping the sequences to the genome 

manipulating the sequences to produce better mapping results. 

The FASTX-Toolkit tools perform some of these 

preprocessing tasks. 

D. BOWTIE2  
Bowtie 2 is an ultrafast and memory-efficient tool for aligning 

sequencing reads to long reference sequences. It is particularly 

good at aligning reads of about 50 up to 100s or 1,000s of 

characters, and particularly good at aligning to relatively long 

(e.g. mammalian) genomes. Bowtie 2 indexes the genome 

with an FM Index to keep its memory footprint small: for the 

human genome, its memory footprint is typically around 3.2 

GB. Bowtie 2 supports gapped, local, and paired-end 

alignment modes. 
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E. FASTQC 

Modern high throughput sequencers can generate tens of 

millions of sequences in a single run. Before analyzing this 

sequence to draw biological conclusions you should always 

perform some simple quality control checks to ensure that the 

raw data looks good and there are no problems or biases in 

your data which may affect how you can usefully use it. Most 

sequencers will generate a QC report as part of their analysis 

pipeline, but this is usually only focused on identifying 

problems which were generated by the sequence itself. FastQC 

aims to provide a QC report which can spot problems which 

originate either in the sequencer or in the starting library 

material. FastQC can be run in one of two modes. It can either 

run as a standalone interactive application for the immediate 

analysis of small numbers of FastQ files, or it can be run in a 

non-interactive mode where it would be suitable for 

integrating into a larger analysis pipeline for the systematic 

processing of large numbers of files.  

F. Next Generation Sequencing 

Next-generation sequencing (also known as massively parallel 

sequencing) technologies are revolutionizing our ability to 

characterize cancers at the genomic, transcriptomic and 

epigenetic levels. Cataloguing all mutations, copy number 

aberrations and somatic rearrangements in an entire cancer 

genome at base pair resolution can now be performed in a 

matter of weeks. Furthermore, massively parallel sequencing 

can be used as a means for unbiased transcriptomic analysis of 

mRNAs, small RNAs and noncoding RNAs, genome-wide 

methylation assays and high throughput chromatin 

immunoprecipitation assays.  

Figure 2: Next Generation Sequencing 

Courtesy (An Introduction to Next-Generation Sequencing 

Technology) 

 

G. Methodology 

 
 

 

Hardware setup was done by connecting monitor to a beagle 

bone board with the help of HDMI to VGA converter and 

memory card inserted into the SD card slot to increase 

memory, Ubuntu OS and other bioinformatics tools to perform 

required implementations for the project development were 

installed [4]. After installing Ubuntu and BLAST+ tool (as a 

test case), we BLAST two sequences and got the desired 

output [5]. Presently we are working on installing bowtie tool 

which is an ultra-fast, short read aligner tool [6]. Further 

expansion of memory will be done by interfacing additional 

cape to improve storage capacity to handle large amount of 

data[4]. Implementation of mobile bioinformatics tool is 

required to make the system portable by making it compatible 

with servers and accessible through cloud computing [1] 

[7].Touch screen interfacing is required for the better user 

interaction [4]. 

 

 

III. Result 

We blasted 2 sequences using BLASTALL tool and got an 

expected output from it. Snap shots of outputs are showed 

below. Ecoli genome sequence reads were obtained using 

simulation technique from in house Perl script. Other 

bioinformatics tools like FastX was deployed for quality check 

of the raw data. Bowtie version 2.0.5 was used for alignment 

and blast for functional annotation   using sequence homology. 
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Figure 3: Screen shot of BOWTIE tool building index 

 

 

 

Figure 4: Screen Shot of Beagle Bone BLAST Output 

 

 

 

Figure 5:  Screen Shot of FASTQC tool analyzing quality  

 

Figure 6: screen shot of per base sequence quality output using 

FASTQC tool 

 

 

Figure 7: Screen Shot of FASTQC kmer content analysis  

 

 

IV. Discussion 

Need of high end servers for handling huge data and their 

maintenance is extremely a bottleneck [3] and Portability of 

data for analysis is mandatory due to highly inter disciplinary 

in nature of bioinformatics [4]. So, we attempted to develop a 

Cost effective computational portable system by combining 

the bioinformatics tools with advanced hardware. An 

integrated approach between advanced electronic devices and 

Bioinformatics tools to address the need of high computational 

need in the health sector 
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