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Abstract

Motivation: Next-generation sequencing technology is transitioning quickly from research labs to

clinical settings. The diagnosis and treatment selection for many acquired and autosomal condi-

tions necessitate a method for accurately detecting somatic and germline variants.

Results: We have developed Pisces, a rapid, versatile and accurate small-variant calling suite

designed for somatic and germline amplicon sequencing applications. Accuracy is achieved by

four distinct modules, each incorporating a number of novel algorithmic strategies.

Availability and implementation: Pisces is distributed under an open source license and can be

downloaded from https://github.com/Illumina/Pisces. Pisces is available on the BaseSpaceTM

SequenceHub. It is distributed on Illumina sequencing platforms such as the MiSeqTM and is

included in the PraxisTM Extended RAS Panel test which was recently approved by the FDA.

Contact: pisces@illumina.com

Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction

The diagnosis and treatment for many oncological conditions neces-

sitate a method for accurately detecting somatic and germline var-

iants (Dietel et al., 2015; Dong et al., 2015). Many algorithms have

been developed for somatic single nucleotide variant (SNV) detec-

tion in matched tumor-normal DNA sequencing, and many algo-

rithms have been developed for detecting germline variants, GATK

being the most well-known (McKenna et al., 2010). However, there

is no single front runner, and different callers dominate in different

situations. Particularly in the context of amplicon workflows, the

standardization of variant calling pipelines remains elusive (Betge

et al., 2015; Horak et al., 2016).

Pisces is unique primarily because it excels in the difficult and

common situation where no matched normal sample exists for a

given tumor sample. Pisces also performs well on germline samples.

Pisces requires only aligned sequence data (BAM files) and a refer-

ence genome, and it returns a variant call file with SNVs and small

indels. We present an overview of the Pisces algorithms, and com-

pare the results to alternative small-variant calling tools.

2 Materials and methods

Pisces comprises four modules, each with a novel algorithmic strategy:

1. Pisces read stitcher: reduces noise by stitching paired reads into

consensus reads.

2. Pisces Variant Caller: calls small variants, includes a collapsing

algorithm to rescue variants broken up by read boundaries.
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3. Pisces variant quality recalibrator: in the event that the variant

calls overwhelmingly follow a pattern associated with thermal

damage or formalin-fixed paraffin-embedded (FFPE) deamin-

ation, this step will recalculate the variant QScore given the sig-

nature of the detected noise.

4. Pisces variant phaser (Scylla): uses a read-backed greedy cluster-

ing method to assemble small variants into complex alleles.

Runtime for the Pisces Variant Caller on a 470 MB BAM (8 mil-

lion reads) is 85 s. Runtime for a 2 GB BAM (60 million reads) is

about 4 min. All were run with 20 threads on 2.60 GHz processors.

2.1 Testing methodology
We compared Pisces performance with the following alternative

small-variant calling tools: the GATK HaplotypeCaller, LoFreq,

VarDict and VarScan (Koboldt et al., 2013; Lai et al., 2016; Wilm

et al., 2012). The selection of third-party tools was based on the

principle that they showed a superior performance in previous

benchmarking studies (Dietel et al., 2015; Horak et al., 2016). Each

tool chosen offers a different variant calling strategy and might be

optimal in other situations. A comprehensive comparison of tools is

given elsewhere (Sandmann et al., 2017).

For our testing, we generated BAMs from four amplicon data-

sets, using the Illumina amplicon aligner, and then processed the

BAMs through the variant callers. The results were assessed using

the Hap.py accuracy assessment tool (https://github.com/Illumina/

hap.py). The datasets were selected to include both well-

characterized samples and realistic cancer samples.

2.2 Datasets
All germline testing was done using established cell line samples

from individuals NA12878 and NA12877 from the Coriell Institute.

High-confidence variant calls are available for these individuals via

Platinum Genomes build 2016-1.0 (Eberle et al., 2017). These sam-

ples were run on two different panels to produce two distinct data-

sets. The Variant Panel was designed to target known variants in the

NA12878 and NA12877 samples, specifically for the purpose of

assessing the accuracy of sequencing applications. The Myeloid

Panel is a commercial panel which targets genes frequently mutated

in blood cancer disorders.

The somatic datasets are as follows: the Titration dataset is a

mixture of the NA12878 and NA12877 cell line samples, serially

diluted to present a range of variant frequencies, observed down to

1%. The titrated samples were run with the Variant Panel, and

cover the same high-confidence variants. The RAS Panel dataset was

generated from a set of colorectal cancer tissue blocks which were

FFPE treated and extracted 8–9 years later. Those samples were

evaluated by alternate methods (Sanger sequencing and therascreen

KRAS test by Qiagen) to provide a gold standard.

3 Results

In Table 1, we show average accuracy metrics by variant caller

across all samples for each dataset. The F-score given is the average

of the F1 for SNVs and the F1 for indels. Pste means the full Pisces

Suite was used and Pvc means only the Pisces Variant Caller was

used. In each of the four datasets, Pisces attained the highest number

of best-performing metrics. For germline calling, Pisces Variant

Caller alone does slightly better than the more complex pipeline. In

the somatic case, best results are achieved with the full Pisces Suite.

Pisces’ success with respect to indel calling is due to its variant col-

lapsing algorithm, while the stitching algorithm enabled higher ac-

curacy for low frequency datasets. We give more discussion in the

Supplementary Results section. To conclude, Pisces is an accurate

tool for small-variant detection.
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