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ABSTRACT

The advent of third-generation long-range DNA sequencing and
mapping techniques has permitted nearly perfect or very high
quality de novo assemblies of genomes. However, most overlap
graph de novo assemblers still require large amounts of computer
memory to resolve the large genome graphs. Here, we apply
string graph reduction algorithms for genome assembly using
Apache Spark on a distributed cloud computing platform.
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1 INTRODUCTION

De novo genome assembly programs stitch together fragmented
reads of DNA from an organism. Generally, de Bruijn graphs are
a suitable approach for high-throughput short reads and overlap-
layout-consensus (OLC) algorithm assemblers handle relatively
long reads [1]. The assembly of the reads using OLC still
struggles when the overlap graph is very large and the Layout
step that tries to simplify and reduce the graph requires a vast
amount of shared machine memory. Apache Spark is a new
framework for fast and efficient data processing [2]. Using the
Spark GraphX library, we have applied and tested several string
graph reduction algorithms with a very large sample data set for
efficient genome assembly on distributed cloud computing
platform.

2 GRAPH REDUCTION AND BENCHMARK

3.1. Transitive edge reduction (TER)
Transitive edge reduction is a method of reducing complexity in
graphs and helps provide clearer contigs when running OLC. In
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TER we eliminate extraneous paths in the graph. Formally, TER
states that an edge of the graph G from a -> b may be removed if
and only if the graph G’ with edge a -> b removed still contains a
path leading from a to b.

3.2. Composite edge contraction (CEC)

Composite edge contraction (CEC) is another method of
reducing complexity. To simplify the overlap graph, a simple
vertex, r, along with its only in-arrow edge (v, r) and only out-
arrow edge (r,w), are replaced by a composite edge (u,w) in the
overlap graph.

3.3. Benchmark

We have validated the scalability of the Layout module using the
Spark GraphX library in the Amazon cloud using a sample
dataset. This dataset was assembled by the proposed Spark
algorithms using 15 virtual machines in 0.5 hours. Compared to
the OLC based Omega [3] assembler’s run time of 7.5 hours, the
Spark based approach greatly improved the Layout step’s
runtime.

3 CONCLUSION

This work has focused on solving the computationally expensive
task of genome assembly Layout. Apache Spark has enabled us
to reduce the complexity and runtime of assembling large
genomes.
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