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Abstract

Genome sequencing became an important research area for understanding order of DNA and discovering genetic secrets of humans. For-
tunately voluminous data in this area is available for the study of genome sequences. Characterization of genome sequences is non-trivial
and tedious task. Nevertheless, algorithms were found in the literature to study them. As the genome sequences data has characteristics of
big data we proposed a technique based on MapReduce programming paradigm to attempt spectral characterization of genome se-
quences. A machine learning approach is used to discover trends in the genome sequences. Rationale behind using MapReduce, a distrib-
uted programming framework, is its support for parallel processing and the usage of more powerful Graphical Processing Units (GPUs).
Moreover, the datasets can be maintained in cloud so as to handle it with ease. We built a prototype application to demonstrate proof of
the concept. Our empirical results reveal encouraging observations in the genomic study.
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1. Introduction

Cloud computing technology is capable of providing infrastructure
as a service that helps in achieving data intensive and computation-
intensive applications. In bioinformatics there are many huge da-
tasets that need parallel processing frameworks like Hadoop [16].
Hadoop is one of the distributed programming frameworks widely
used to process data pertaining to bioinformatics. It is suitable for
processing big data which is in the form of genome sequences.
Since genome data is treated as big data, it needs parallel processing
in resource rich environment like cloud.

It is important to work on genome sequences for characterisation
using frameworks like Hadoop. Patterns found in the sequence can
provide useful insights in bioinformatics. Hidden information in the
genomic data can be obtained and understood for making well in-
formed decisions. In the literature it is found that DNA sequences
are analyzed to understand periodicity and, auto convolution and
autocorrelation. In addition to Hadoop Genome Analysis Toolkit
(GATK) [17] is used for experiments. This is the framework used
to analyze genome sequences. It breaks DNA sequence data into
manageable pieces. This framework is based on MapReduce pro-
gramming paradigm. The remainder of the paper is structured as
follows. Section 2 provides review of literature. Section 3 presents
experimental setup. Section 4 presents proposed work. Section 5
presents experimental results while Section 6 concludes the paper
and provides directions for future work.

2. Related work

This section provides review of literature on genome analysis. Al-
bertsen et al. [1] used differential coverage binning method for ge-
nome sequences related to uncultured bacteria that are rarely avail-
able. Liu et al. [2] on the other hand studied gene cluster encoding

to understand resistance power in rice. Silwal-Pandit et al. [4] stud-
ied mutation spectrum in breast cancer. Dubrovinaa et al. [5] stud-
ied genes under specific stress conditions to understand their prog-
nostic relevance. Soverini et al. [6] investigated on the understand-
ing of the complexities involved in kinase inhibitor-resistant popu-
lations 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 under-
stand the prognosis related to cancer and epigenetics. Rytz et al. [9]
on the other hand studied lonotropic Receptors in Drosophila.
Bertsch et al. [10] and Plant [11] studied gene modifications in mi-
crobes and rice respectively. Cross et al. [12] investigated on 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 bio synthesis in maize ker-
nels. Smith and Simmonds [15] focused on the classification of
family Hepeviridae with consensus proposals. In this paper we stud-
ied genome analysis using a distributed programming framework
for efficiency as the framework supports parallel processing.

3. Experimental setup

The experiments are made in distributed programming framework
for genome sequence analysis. It is nothing but GATK. It is based
on MapReduce programming paradigm. Therefore, this section pro-
vides details of Hadoop, HDFS, MapReduce and GATK. Hadoop
is a distributed programming framework that supports MapReduce
programming model.
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Fig. 1: Functionality of Mapreduce Paradigm.

As shown in Figure 1, it is understood that the Hadoop framework
has associated file system known as Hadoop Distributed File Sys-
tem (HDFS). It has support for MapReduce programming para-
digm. The input is split into multiple chunks and assigned to various
mappers. The work of mappers is sent to reducers where the final
output is generated. The mappers produce intermediate output. Both
mappers and reducers are worker nodes in distributed environment.
GATK is the toolkit that can be used to analyse genome sequences.
It is used by different projects such as next generation DNA se-
quencing project and next generation sequencing project to mention
few. The framework was developed by Genome Sequencing and
Analysis Group from Harvard University and Broad Institute of
MIT. GATK is used in Cancer Genome Atlas project. The tool can
help in breaking terabases of sequence data into shards. The struc-
ture of GATK framework is as shown in Figure 2.
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Fig. 2: The Structure of GATK.

The framework can be used for discovering genetic variations.
There are different types of genetic variations. They are known as
Single Nucleotide Aberrations, Short Insertions or Deletions (in-
dels), Larger Structural Variations (SVs). The Single Nucleotide
Aberrations are of two types namely Single Nucleotide Variations
(SNVs) and Single Nucleotide Polymorphisms (SNPs). The differ-
ences among them are matter of frequency of occurrence. There is
a framework for variation discovery [3] as shown in Figure 3.
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Fig 3: Framework for Discovery of Variations.

There are three phases involved in the framework. In the first phase
NGS data processing is carried out. The second phase takes care of
genotyping and variant discovery while third phase performs inte-
grative analysis.

4. Proposed work

Next generation DNA sequencing dataset is used to analyze and
characterize genome sequences. The GATK framework is used for
experiments. It contains traversals of two kinds namely read-based
and locus-based. Read base traversal involves a sequencer read and
its data associated in every iteration of traversal. TraverseReads is
the read-based traversal supported by GATK. On the other hand,
locus-based traversals provide the pileup of the read based at the
given locus (given location at DNA sequence), reference ordered
data and actual reference base. TraverseLoci is one of the locus-
based traversal supported by GATK. In the proposed implementa-
tion, the workload is divided into many independent pieces and they
are assigned to map function. Then the results of map function are
provided to reduce function which in turn produces final result.

In case of TraverseLoci, each base locus is read along with refer-
enced data and reference base before it is passed to an analysis
walker. In other words, TraverseLoci reads every data that covers a
single base function in the genome. The proposed work is to analyze
genome sequences. In every phase both map and reduce functions
are involved. The MapReduce over genome appears as shown in
Figure 4.
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As shown in Figure 5 and Figure 6 it is evident that read based and 100 1
locus based traversals are performed using MapReduce program- = 80 7
ming paradigm. The map function runs once per each locus with S 60 -
three arguments such as tracker, reference and context. Tracker pro- & |
vides metadata, reference base and context are locus-based refer- Py 40
ence base and a data structure to hold reads respectively. Once map- = 20 N
ping is completed, the intermediate results of mapper are given to 0 . ’
reducer. In the first step loci value is 0. The reduce function has ™ Ep
parameters such as result of map and sum. The final result is the
total count of occurrences and sequence loci of all locations where Measures
match is found.

5. Experimental results

GATK framework is configured and used in this work to analyze
gnome sequences. The results are observed in terms of execution
time in seconds. The proposed method is compared with that of
TabRec+UnifGen and Indel Realinger approaches. The execution
time is observed against the number of virtual cores.

Table 1: Performance Comparison with Different Virtual Cores
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

As shown in Table 1, it is evident that the execution time taken for
genome analysis is recorded in seconds. The number of cores used
in the experiments includes 8, 16, 32, and 64. The observations are
presented for different approaches such as TabRec+UnifGen, Indel
Realinger and the proposed approach.

Fig. 8: Evaluation of the proposed method.

The proposed method showed 95% true positive rate and 5% false
positive rate. This can effectively show that the method is useful
and can be used for genome analysis. True positives are the
correctly identified classes with respect to genomes while false
positives indicated incorrectly identified classes. The experiment
related to analysis is made for 100 times and the results are
evaluated to know true positives and false positives.

6. Conclusions and future work

In this paper a distributed framework known as GATK is used along
with MapReduce programming paradigm to process given dataset
on genome sequences. The framework is used as per a systematic
methodology to break the sequences and perform read-based and
locus-based traversals. Since genome sequences pertain to big data,
Hadoop based tool named GATK is employed to analyze genome
sequences. The environment created for the experiments supports
parallel processing in order to have better possibilities in analyzing
data and produce results. The analysis time is observed with differ-
ent number of virtual cores used in the experiments and the same is
compared with other state of the art approaches found. The results
revealed the utility of the proposed method. In future we extend our
approach into a framework that can be used to do experiments fur-
ther on analyzing genome sequences keeping more output variables
in mind.
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