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Abstract

Genetic variant detection has wide application in
genomics including identifying genetic changes

that drive phenotypic changes. The detection of
differences between a genomic re-sequencing
experiment allows researchers to detect genetic
diversity with a population, identify disease causing
genetic changes and discover genetic markers of
speciation when comparing closely related species.
Germline variant detection is used to detect inherited
genetic changes, whereas somatic variant detection
is used to detect acquired genetic changes including
the genetic mutations that drive tumor growth. There
are many types of genetic variation including single
nucleotide variants (SNVs) and insertions/deletions
(indels), copy number variants (CNVs), and structural
variants (SVs), which include large insertions,
deletions, inversions, duplications and translocations.
Over the last decade several open source tools

have been developed to improve the accuracy and

speed of SNV/Indel variant detection including BWA
mem, minimap2, GATK and DeepVariant. However

it can still take days or weeks with these tools to
analyze whole genome sequencing without very
large computational clusters so that analysis runsin
parallel over many machines. Accelerated versions
of these tools using GPUs has been shown to reduce
computational time and resources. We analyzed a
publicly available dataset using DNA from a sample
named Genome in a Bottle (GIAB), NA12878 to
determine the sensitivity and specificity of running
NVIDIA Parabricks compared to the open source
versions of the same tools on Google Cloud Platform.
The resulting analysis using NVIDIA Parabricks was
faster and cheaper than using open source tools.
The optimization did not significantly change the
underlying alignments produced. Sensitivity and
specificity were similar to the open source version of
the tools even when only the alignment was used.
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Methods

The workflow “Genomics: Germline Variant
Analysis” determines genetic variants including
SNVs, insertions and deletions of high-quality NGS
data compared to a reference genome. Reads are
trimmed using TrimGalore™3, to trim low quality (qual
< 25) ends of reads and remove reads < 35bp. This
workflow can be run with native open-source tools
(NOST) or with Parabricks.

With NOST, trimmed reads are aligned to a reference
genome using BWA mem* or Minimap?®. Duplicates
reads can optionally be marked using Picard
MarkDuplicates®. BAMs from the same sample
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generated by multiple runs are merged

using samtools”. Alignment qualtity is assessed

using FastQC2, Samtools’, Bedtools®. With
Parabricks, trimmed reads are aligned, duplicate
reads are marked and alignment quality is accessed
using fg2bam®*°. Quality metrics are summarized with
MultiQC. With NOST, variants can be detected with
joint calling using Freebayes", Samtools/Bcftools” and
GATKA4™, With Parabricks, variants can be detected
with GATK™ and DeepVariant™ to produce gVCF

files. Genotyping of gVCF files is determined using™.
Variants effects are determined using SNPEff®.
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Results

We ran our workflow using open source versions of
alignment and variant calling and with Parabricks with
3 separate sequencing runs of NA12878 as separate
samples spanning 20M-160M reads. The full workflow
ran in 344 minutes using Parabricks and 2,793 minutes
using open source tools with multiple steps running

it parallel, representing an 88% time savings. The
biggest increase in efficiency came from variant
calling where the median job took 1,376 minutes for
open source tools and 94 minutes using Parabricks,
representing a 93% time savings. The cost of running
with Parabricks was US$45 vs US$93 with open
source tools, representing a 52% savings. The resulting
variants have comparable sensitivity, within 3%, for
variant calling methods that use Parabricks including
GATK and DeepVariant and those that do not have an
accelerated version such as Freebayes, Samtools.
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( SAMPLE ID METHOD SN PPV )
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NP deepvariant 878 996
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