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Introduction

Long-read sequencing has been applied
successfully to assemble genomes and detect
structural variants.

Long reads can be unambiguously mapped to
more of the genome than short reads of
comparable accuracy.

t has been difficult to call small variants from
ong reads due to higher read error rates.

PacBio Circular Consensus Seguencing (CCS)
produces >99% accurate, 10 kb - 20 kb HiFi
reads that enable detection of small (SNVs and
<50 bp indels) and large (250 bp) variants.
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Figure 1. Sample preparation and sequencing
workflow. (a) Workflow steps. (b) Genome in a
Bottle (GIAB) sample HG002 pedigree.
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Figure 2. Circular Consensus Sequencing.

(a) A linear template sequence is (b) ligated to
SMRTbell adapters. (c) DNA polymerase
synthesizes complementary sequences to both
strands of the original linear template, leading to
(d) rolling circle sequencing and multiple passes of
the original template. (e) CCS uses the noisy
Individual subreads to generate (f) highly accurate
consensus sequence (HiFi read).
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Figure 3. Bioinformatics workflow for read
mapping and variant detection. Approximately
18-fold coverage (two SMRT Cells 8M) of highly
accurate (average 99.8%) 12.9 kb reads were
mapped to the hgl9 reference with pbmmz2. Single
nucleotide variants (SNVs) and small indels (<50
bp) were detected using Google DeepVariant
v0.10.0 with a model trained for CCS. Structural
variants (SVs) were detected with pbsv v2.3.0.
Variant calls were evaluated against GIAB
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SNV

DeepVariant 99.6% 99.9%
P indel (<50 bp)  95.8%  96.8%
pbsv SV (=50 bp) 97.7% 95.3%

Table 1. Variant detection compared against
Genome in a Bottle benchmarks. SNVs and
Indels <50 bp were compared against the GIAB
HGO002 v4.1 small variant benchmark using
Hap.py. SVs were compared against the GIAB
HGO002 v0.6 SV benchmark using Truvari.

Median block length 25 kb
Mean block length 99 kb
Max block length 2.3 Mb

Sum of phased bases 2.0 Gb
Phase block N50 177 Kb
Phase switch error rate 0.35 %

Table 2. Small variant phasing metrics. Small
variants detected by DeepVariant were phased
using HiFi reads. Blocks size metrics were
generated by WhatsHap. Switch errors were
measured against GIAB 10x trio-phased VCF.
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Conclusions

engths allow detection of both small variants and structural variants.
approximately 18-fold coverage of the human genome, which achieves highly

accurate variant detection with DeepVariant and pbsv as compared against GIAB benchmarks.
 Read lengths >10 kb and lack of GC bias provide improved mappability over short-read seguencing.
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