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Abstract: Genome sequencing plays a vital role in the research area to understand the DNA order to discover 

human genetic secrets. To study the genome sequence capacious data is available in this field.Genome sequence 

characterization is tedious and non-trivial task. Some of the algorithms are studied in literature study. The 

genome sequences include big data characteristics, so a technique that includesthe map-reduce paradigm is 

proposed. Trends in genome sequence can be discovered by various approaches in machine learning. 

Framework in distributed programming is used to support parallel processing and use Graphical Processing 

Units. The datasets are managed in cloud to handle with ease. A prototype application is built to describe the 

concept of proof. The results provide observations during genomic study. 
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1. Introduction 
High-performance computing plays a vital role in analyzing data related to bioinformatics.  This 

includes division of work on a cluster which includes file-sharing systems. The distribution of work and 

parallelism is implemented through message passing technique. One of the services in cloud computing is 

IAAS(Infrastructure As A Service) that can help to invoke data and computationally intensive applications. The 

software framework is installed in LINUX to analyze the data.  Hadoop was first introduced by Doug Cutting in 

2004. A large number of datasets are included in bioinformatics for parallel processing like Hadoop [16]. 

Hadoop is more suitable to work with big data which includes genome sequences. 

The patterns determined in the genome sequence are used for analyzing in bioinformatics. Information 

hidden in the sequence can be used for making better decisions in genomic data. The sequences of DNA are 

analyzed for autocorrelation and auto convolution. The kit that is used to conduct experiments on genome 

sequence is Genome Analysis Toolkit. The framework for dividing the DNA sequence into small pieces is based 

on MapReduce programming technique. Section 2 provides the Literature work. experimental setup is discussed 

in Section 3, proposed work is presented in Section 4, experiments conducted, and the results are shown in 

Section 5, conclusion in Section 6. 

 

2. Related Work 
The Literature on genome sequence analysis is done in this section. Differential coverage binning 

method which is used to determine genome sequence which is related to bacteria that is hardly available is 

discussed by Albert et.al[1]. The encoding technique which is used to understand the resistance power in rice is 

studied by Liu et al.[2]. The mutation spectrum in breast cancer is studied by Silwal-Pandit et.al. Dubrovinaa et 

al. [5] studied genes under specific stress conditions to understand their prognostic relevance. Soverini et al. [6] 

investigated on the understanding of the complexities involved in kinase inhibitor-resistant populations by using 

ultra-deep sequencing. Rabbani et al. [7] focused on medical genetics to ascertain whole-exome sequencing.  

Abdel-Wahab and Dey [8] explored ASXL–BAP1 axis to understand the prognosis related to cancer and 

epigenetics. Rytz et al. [9] on the other hand studied Ionotropic Receptors in Drosophila. Bertsch et al. [10] and 

Plant [11] studied gene modifications in microbes and rice respectively. Cross et al. [12] investigated the clinical 

significance of mutations pertaining to NOTCH1 and SF3B1 mutations. Craig et al. [13] focused on 

transcriptome and genome sequences. Li et al. [14] studied genome-wide association to understand genetic 

architecture of oil biosynthesis in maize kernels. Smith and Simmonds [15] focused on the classification of 

family Hepeviridae with consensus proposals. In this paper we studied genome analysis using a distributed 

programming framework for efficiency as the framework supports parallel processing.  

 

3. Experimental Setup 
Several Experiments are conducted in a distributed programming environment to analyze the genome 

sequence. It is GATK which is based on Map Reduce programming paradigm. In this section we provide the 

details of Hadoop, GATK, HDFS (Hadoop Distributed File System), Map Reduce. The distributed programming 

environment which supports Map Reduce programming is Hadoop. 
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Figure 1: Map Reduce Paradigm Functionality 

 

The above Fig 1 shows the Hadoop Distributed File system (HDFS) which supports the Map Reduce 

programming paradigm. Itis the file system that is associated with Hadoop framework. The input given is 

divided into multiple parts and were allotted to different mappers. The output of the mappers is assigned to 

reducers which gives the final output. So, the intermediate results are given by the mappers which are a worker 

node along with reducers in distributed environment. 

Genome sequences are analyzed by a toolkit named GATK. It is used in various projects that aim to 

map the nucleotides contained in a human haploid reference genome (more than three billion). In principle, 

full genome sequencing can provide the raw nucleotide sequence of an individual organism's DNA. However, 

further analysis must be performed to provide the biological or medical meaning of this sequence, such as how 

this knowledge can be used to help prevent disease. The framework was constructed by genome sequencing and 

analysis group from Harvard University and Board Institute of MIT. GATK, pronounced "Gee Ay Tee Kay" 

(not "Gat-Kay"), stands for Genome Analysis Toolkit. It is a collection of command-line tools for analyzing 

high-throughput sequencing data with a primary focus on variant discovery. The tools can be used individually 

or chained together into complete workflows. It is used in Cancer genome Atlas project. The framework of 

GATK is shown in Fig 2. 

 
Figure 2: Structure of GATK 

 

This framework is used to analyze different genetic variations. Genetic variation is commonly divided 

into three main forms: 

 Single base-pair substitution, also known as single nucleotide polymorphism (SNP)  

 Insertion or deletion, also known as 'indel'  

 Structural variation. 

 

The difference between these is based on frequency of occurrence. The variation discovery[3]  is 

determined by a framework as shown in Fig 3. 
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Figure 3: Framework for discovery of variations 

 

The framework includes three phases. The first phase data processing of NGS is carried out.  The 

genotyping and variant discovery is taken place in phase 2 and Interactive analysis in third phase. 

 

4. Proposed Work 
To characterize and analyze the genome sequence DNA sequencing dataset is used. The GATK 

framework which is used to conduct experiments contains two different kinds of traversals  

1. Read-based 

2. Locus-based 

 

In read-based traversal, it involves a read sequencer to read the data that is involved in each 

iteration.The read-based traversal that is supported by GATK is Traversereads. The locus-based traversal is 

based on reading each position in genome . The locus based traversal that is supported by GATK is Traverse 

Loci. In proposed work the work is partitioned into different pieces and is assigned to the map function. The 

results are further provided to reduce function that finally produces the result. In TraverseLoci each base locus is 

read with its reference base along with its associated reference points and then forwarded to analysis walker. 

Proposed work involves analyzing the genome sequence. Each phase includes map function along with reducing 

function as shown in Fig 4. 

 
Figure 4: MapReduce over the genome 
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Figure 5: MapReduce by reading 

 
Figure 6: MapReduce by Loci 

 

The read and locus based traversals are conducted by using map-reduce paradigm as visualized in Fig5 

and Fig 6. A map function is performed for each locus based on three parameters like tracker, context, and 

reference. Metadata that is data about the data, context base and read base along with data structures are 

provided by tracker.  Once the mapping procedure is completed the results are given to the reducer. Initially, the 

loci value is 0. The map and sum parameters are included in reducing function.  The final result gives the total 

occurrences count and sequence of loci at all locations where they are actually matched. 

 

5. Experimental Results 
The genome sequence is analyzed and configured by GATK framework. Results are determined based 

on the execution time in seconds. The comparison of proposed method with other methods such as 

TabRec+UnifGen and IndelRealinger are shown in Table 1. The total number of cores used for evaluation are 

8,16,32,64.  

 

Execution Time (sec) 

No. of Virtual Cores 8 16 32 64 

Proposed Approach 175 105 60 50 

Indel Realinger 225 130 75 60 

TabRec+UnifGen 325 195 140 70 

Table 1:Comparision with different virtual cores 

 

 
Figure 7: Effect of the number of virtual cores on execution time 

 

Two observations are viewed in the results as shown in Fig 7. In the first observation, we see that 

execution time is effected by total number of virtual cores.The genome sequence analysis takes more time when 
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the virtual cores are less.The other observation is the proposed method has improvement over other two 

methods. 

 
Figure 8: Evaluation of the proposed method 

 

We can see that 95% truepositive rate and a 5% false-positive rate in proposed method. So, the 

proposed method is used for genome analysis. True positive include the correctly identified classes on the other 

hand false positive rate determine the classes that are identified incorrectly. 

 

6. Conclusion and Future Work 
GATK is the distributed framework that is used with map-reduce technique to process the dataset 

which is associated with given genome sequence is discussed in this paper. The framework includes a method 

that divides the sequence into small pieces and performs read-based and locus-based traversals. The data that is 

involved in genome sequence is more we use Hadoop based tool GATK. The experimental environment support 

parallel processing used to analyze data and provide results. The results of proposed method, when compared to 

other methods like TabRec+UnifGen and IndelRealinger, are better. This approach can be used to analyze 

genome sequences by considering various output variables in future. 
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