Introduction

Structural variants (genomic differences 250
base pairs) contribute to the evolution of
organisms traits and human disease.
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Figure 1. Common types of structural variation.

Background

Most structural variants (SVs) are too small
to detect with array comparative genomic
hybridization but too large to reliably
discover with short-read DNA sequencing.
Recent studies in human genomes show
that PacBio SMRT Sequencing sensitively
detects structural variants’.

“Fivefold increase in

SVs identified in
sensitivity [when compared
a human genome to short-read sequence

data]... from the improved
PacBio 20,000

mappability of long-read
repeats), GC-rich DNA, and
lllumina

low-complexity DNA.”

sequence data to repeat-rich
regions (especially STRs and
variable number tandem
Figure 2. PacBio long reads have 5-fold increased
sensitivity for structural variants compared to lllumina
short reads.

While de novo assembly is the ideal method
to identify variants in a genome, it requires
high depth of coverage. Structural variant
discovery using 10-fold coverage in humans
analyzed with pbsv shows similar sensitivity
for detecting variants.
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Figure 7. Recommendations for sample preparation and
number of Sequel SMRT Cells for different genome sizes.

Analysis: Map Reads, Chain Alignments,

Call Variants

The analysis workflow to identify structural
variants from low-coverage PacBio sequencing
IS: 1) map reads to the reference, 2) chain
alignments, and 3) cluster indels to call variants.

Figure 3. NGM-LR is a read
mapper designed for
PacBio reads>. NGM-LR
uses a convex gap penalty
to model two sources of
alignment gaps: biological
Indels and sequencing
errors.
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Application of PBSV to Drosophila

PacBio RS Il data® for D. yakuba mapped to
v1.05 of Dyak genome with pbsv align.

Variants called with pbsv call to generate
BED and VCF formatted outputs.
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Figure 4. Comparison of read mapping spanning a
deletion. (A) BWA, which uses a standard affine gap
penalty, produces fragmented alignments at a deletion
variant. (B) NGM-LR aligns the same PacBio reads with
sharp boundaries at the deletion.

A Reference B Reference
\\\._ \\._
\. N
."\ \
§®) b Py
(qv) \ \
O — $
Y o
\ \
Primary Supplementary Primary Supplementary
Unchained Alignments Chained Alignments

Figure 5. Chaining split alignments. Large gaps split
NGM-LR alignments into primary and supplementary
segments. Chaining connects collinear segments across
large gaps. (A) A large deletion splits alignments of a read
into two disjoint segments. (B) Chained alignments directly
iInclude a biological deletion, which simplifies visualization
and variant calling.
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Table 1. Structural variants in PacBio de novo human
genome assemblies and low-coverage structural
variants analysis.

Figure 6. Variant calling. To call structural variants from low-
coverage sequencing, identify large deletion or insertion

events in chained alignments, cluster nearby events that have

similar length and sequence, and summarize into a call.
Visualized in IGV v3.0 beta.
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Figure 8. Length Histograms of Insertions and Deletions
in female of Cameroon strain CY21B3 (SRR1200825).
Repeat Masker analysis identifies abundant 600-800bp SVs
as Helitron repeats DNARep1 Dyak and DNARep1 DM.

More X Insertions, Fewer Coding SVs

DELETIONS

| INSERTIONS |

Observed Expected Observed Expected
X 434 369 393 374
Autosomes 1572 1638 1638 1657
Coding 81 374 52 380
Noncoding 1949 1656 2009 1681

Table 2. Counts of SVs on the X vs Autosomes and
Coding vs Noncoding sequence. pbsv BED file and Dyak
v1.05 GFF file analyzed with bedtools intersect’”. 2X2
table values in bold italic: P<0.05, X? test with Bonferonni
correction. Expectations based on length of major
chromosome arms or CDS versus non-CDS region lengths.

Conclusion

—pbsv align uses the NGM-LR read
mapper and alignment chaining to accurately
map PacBio reads to a reference.

—pbsv call produces standard VCF and
BED formats for custom downstream
analysis.

—With yield of Sequel SMRT Cells 1M of 5-8
Gb, it is cost effective to screen populations
for SVs using the pbsv workflow.

—Applications to humans and Drosophila
identify thousands of insertions that cannot
be detected with short-read technologies.
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