Effect of coverage depth and haplotype phasing on
structural variant detection with PacBio long reads
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Introduction

De novo human genome assemblies using
high-fold coverage PacBio long reads have
revealed tens of thousands of structural
variants per genome, most of which are not
discoverable with short reads.
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Table 1. Structural variants in human genomes
de novo assembled from PacBio long reads.
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Visualize and Phase Variants in IGV

Manual exploration is useful to confirm
variant calls and evaluate loci of interest.
The development version of IGV includes
new features to support long PacBio reads.
http://tinyurl.com/pacbioigv
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Table 2. NA12878 structural variant sets.
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Figure 1. Long reads show increased sensitivity for
structural variants. (A) 85% of structural variants
identified in CHM1 are novel against prior short read
variant databases’. (B) A single PacBio genome, HX1,
reveals one quarter of the number of variants discovered
in 2,504 short read genomes?.

Higher coverage depth directly translates
into both increased sensitivity and
increased cost. As efforts turn to analysis
of structural variants in large patient and
control population cohorts, it is important to
strike a balance between cost and
sensitivity. Low-fold coverage sequencing
on the PacBio Sequel System has the
potential to be an effective and affordable
solution for structural variant discovery in
human genomes.

NA12878 on PacBio Sequel System

To evaluate the power of low-fold coverage
PacBio sequencing, we sequenced the
human reference sample NA12878 to
about 10-fold coverage on the PacBio
Sequel System and evaluated the
structural variant call set.

Figure 2. Overlap with truth sets. The 10-fold PacBio
call set recovers (A) 86% of true deletions, and (B) 81%
of true insertions. The 10-fold PacBio set also includes
thousands of novel variants, most of which are directly
confirmed by a FALCON-Unzip de novo assembly from
60-fold RS Il coverage.

Properties of 10-fold PacBio Call Set
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Figure 3. Properties of variants in the 10-fold
PacBio call set. (A) The distribution of variant lengths
shows an expected peak at 300 bp for Alu repeats.

(B) Fraction of variant calls that overlap genome
annotations. (C) Sensitivity to tandem repeat
expansions and contractions is due to the ability of
long reads to fully span the repeats.
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Figure 4. Structural variants in IGV. Improved support
for PacBio long reads in IGV makes it easy to see
structural variants in phase with single nucleotide
variants. PacBio reads agree with lllumina at single
nucleotide positions but also show structural variation.
(A) deletion at GRCh37 chr16:33,485,217-33,486,446,
(B) insertion at GRCh37 chr13:78,581,290-78,588,800.

Conclusion

- Low-fold (10-fold) PacBio sequencing of
NA12878 recalls 84% of known
structural variants and identifies
thousands more not previously seen In
short reads.

= Comparison to a de novo assembly
shows that precision of the 10-fold call set
Is high, both for known and novel variants.

= Support for PacBio reads in IGV enables
exploration and haplotype phasing of
short and long variants.
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