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Most of the base pairs that differ between 
two human genomes are in indels 1-49 base 
pairs and in SVs, differences ≥50 base 
pairs. Short-read sequencing has limited 
sensitivity for indels and SVs, while PacBio 
SMRT Sequencing comprehensively detects 
variants of all sizes.

Structural Variants (SVs) and Indels pbsv: Joint Variant Caller for
Structural Variants and PacBio Reads

Variant Calls in Cohort of
20 Human Samples

Current Population-Scale Variant 
Databases Lack SVs
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Conclusions

- Variant databases built with short-read 
sequencing miss most SVs.

- pbsv provides a scalable, effective 
structural variant caller for human cohorts.

- Active projects are using PacBio SMRT 
Sequencing to build databases of SVs to 
support disease studies.
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Indels and SVs identified first by PacBio 
SMRT Sequencing contribute to human 
disease and evolution.
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Figure 2. PacBio SMRT Sequencing identifies the 
causative mutation in Carney complex2. Short-read whole 
genome sequencing failed to identify the causative mutation in 
an individual with (A) cardiac myxomata characteristic of 
Carney complex. (B) PacBio identified the causative mutation, 
a heterozygous 2.2 kb deletion in PRKAR1A.

Figure 1. Variation in a typical human genome compared 
to the GRCh38 reference.1

Figure 3. PacBio SMRT Sequencing of a tandem repeat 
linked to bipolar disorder and schizophrenia3. A 100 kb 
interval intronic to CACNA1C has been linked to psychiatric 
disorders. The region contains (A) a human specific 30-mer 
tandem repeat with (B) variation in length and sequence 
content in the human population. (C) Sequence variants in the 
repeat impact the enhancer function of the repeat array and 
are strongly associated with disease risk.

The 1000 Genomes Project and ExAC 
databases comprehensively catalog small 
variants but largely miss the indels and SVs 
to which short-read sequencing is blind.
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Figure 4. The Human Genome SV Consortium (HGSVC) 
identified 4.5× more SVs with PacBio sequencing than with 
Illumina sequencing of the same three samples.1

To support use of large variants in disease 
and association studies, it is necessary to 
perform population-scale surveys with a 
technology effective at detecting indels and 
SVs, such as PacBio SMRT Sequencing. 
The pbsv variant caller aims to provide a 
workflow for these studies that is similar to 
the ExAC GATK workflow.
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Figure 5. The pbsv workflow (A) separates variant 
discovery, which is performed jointly over all samples, and 
genotyping, which is per sample. Joint discovery uses reads 
from one sample to support variant calls in another, which 
increases sensitivity, particularly with the low coverage that is 
typical in population studies. (B) A heterozygous ALU insertion 
is called from one read in HX14 using support from AK15. (C) A 
similar deletion locus where AK1 rescues HX1.

Public PacBio datasets for 20 human 
samples were gathered for joint analysis. 
The coverage ranges from 4-fold to 82-fold.

Active and Future Projects
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Figure 6. PacBio fold coverage in 20 human samples.

Figure 7. SVs in human cohort (A) Around 20,000 SVs are 
detected per sample. Joint calling boosts low-coverage 
samples. (B) The modal variant is private but most are shared, 
with the average frequency being 6.3 of 20 samples.

Figure 8. Global sequencing projects using PacBio.
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