PacBi@®

Summary

Sawfish is a new structural variant (SV) caller for mapped high-quality
long reads, emphasizing local haplotype assemblies at all stages of SV

calling and genotyping.
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Sawfish exhibits substantially improved accuracy on recent T2T
assembly-based SV benchmarks across a range of SV sizes and

sequencing depth levels. It also provides much higher joint-genotyping

accuracy, as assessed by pedigree genotype concordance.

As additional improvements, sawfish provides all calls at single-base
resolution, models coverage depth for all large events, and locally

phases proximal small SVs.

Methods overview

1. Detect Candidate Breakpoints
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Local haplotype merging consolidates
these as the same SV haplotype:

Merge overlapping sample haplotypes
at each variant locus
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- Sawfish emphasizes haplotype assembly and breakpoint modeling to
resolve events at single-base resolution and provide breakpoint homology
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and insertion sequence for every call.

* Breakpoints are projected to common SV patterns such as deletions, insertions,
duplications, translocations and multi-breakpoint events, e.g. inversions.

- Sawfish uses its own GC-corrected depth model to improve precision of large

deletion and duplication calls.

2. Assemble Breakpoint Reads
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Assemble up to 2 (or ploidy) variant
haplotypes at each locus (per-sample)

4. Align Contigs to Reference
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Parse alignments for
high-resolution
breakpoint details

.

"%

5. Evaluate Read/Depth Support
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P(read | bp) , P(read | ref) => GQ/QUAL..

- Genotype alleles from read breakend support

\_" Classify large variants by depth context )

High accuracy on individual samples

Comprehensive (T2T) HG002 benchmark

Sawfish shows substantial accuracy gains compared to state-of-the-art long
read SV callers’? when assessed against the latest GIAB draft SV

benchmark based on the T2T-HG002-Q100 diploid assemblys. These gains
persist across different sample read depths and SV size ranges:

Sawfish has highest GIAB T2T SV
accuracy from 10 to 32-fold depth
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All above results assessed using Truvari* refine mode. Assessment with
hap-eval® shows an even higher F1-score gain for sawfish: for all SVs at

32x depth the Sawfish F1-score is 0.974 compared to 0.939 and 0.932 for
Sniffles2 and pbsyv, respectively.

High pedigree genotype concordance

Joint genotyping on 10 CEPH pedigree samples

Sawfish has higher joint genotyping
concordance on CEPH pedigree samples
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substantially higher
count of pedigree-
concordant SV calls.

« Genotype quality model
allows selection of high
quality (HQ) calls with
both high count and

\concordance /
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- Genotype accuracy assessed on the 2" and 3" generations of CEPH
pedigree 1463, by identifying pedigree concordant genotypes in all 10

samples®.

- ‘Sawfish HQ’ are sawfish calls filtered for genotype quality = 40. In other
methods, similar quality values are unavailable (pbsv) or incur a high
sensitivity cost’ (Sniffles2) when used for filtration.

High accuracy in medically relevant genes

GIAB CMRG benchmark

Sawfish accuracy improvement is also evident for SVs from the
Challenging Medically Relevant Genes (CMRG) GIAB benchmark?, as

evaluated by Truvari bench:

Method F1-score Recall #FN
sawfish 0.993 0.991 2
Sniffles2 0.964 0.963 8

pbsv 0.971 0.958 9

Precision #FP
0.995 1
0.965 I4
0.985 3
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Towards SV/CNYV Integration

standalone SV calls
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Integrated SV/CNV call example from HG002

CNV depth bins
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Sawfish already validates large SVs against a GC-corrected depth track.
New development sawfish version includes full copy-number
segmentation and joint SV/CNV output in VCF v4.4 format.

Ongoing work to increase integration/denoising for joint call set.
Resulting integrated SV/CNV calls include copy number, CN quality, and
flags for complementary breakpoint and depth-based support:

chr3 162794345 sawfish:0:9048:0:0 T <DEL> 679 PASS
SVTYPE=DEL ; END=162908546; SVLEN=114201 ; HOMLEN=1 ; HOMSEQ=C ; SVCLAIM=DJ e
GT:GQ:PL:AD:CN:CNQ 0/1:712:712,0,999:29,17:1:564

Further methods and performance assessment details
are available in the sawfish bioRxiv preprint:
https://doi.org/10.1101/2024.08.19.608674

Documentation, binary releases (Linux x64), and
source code are available on GitHub:
https://qgithub.com/PacificBiosciences/sawfish

Sawfish is under active development. For new
capability requests or early access to emerging
features like integrated SV/CNV, please reach out to us
(csaunders@pachb.com).

latest release
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