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Abstract

Integrating variant calls from diverse laboratories and sequencing methods requires a comprehen-
sive understanding of false positive and false negative rates for different types of variants and ge-

Benchmarking with GIAB
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nome contexts. Similarly, the clinical use of genomics requires validation of genome sequencing and NIST reference materials. < GIAB structural variants, and assemblies.
variant calling methods. Clinical laboratories can validate their sequencing and variant calling meth- Materials are con.sel_wted. for Genomes
ods using the GA4GH benchmarking tool and the NIST human genome reference materials devel- reuse and distribution. | _
oped with the Genome In A Bottle (GIAB) Consortium. The GIAB reference materials are authorita- User P”mary
tively characterized for differences to the human reference genome and are provided as benchmark Analysis
sets. The benchmark sets include benchmark calls, well-characterized sequence differences from N < > User feedback on
the reference genome, and benchmark regions, positions that agree with the reference genome or Genomic characterization data Measurement performance for new
are a benchmark call. The benchmarking tool compares a user-provided variant call set to the GIAB generated by NIST and < r— —  datatypes can trigger
benchmark set in a manner that accounts for variant representation differences and disagreement consortium members. Data new benchmark set \
types. The tool calculates performance metrics stratified by genomic context. However, the bench- L - development. L
marking tool’s capabilities are limited due to; a lack of resources for benchmarking against GRCh38, - : :
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sets. To address these limitations, we developed new resources for benchmarking against GRCh38 P Plpellne Stratifications
and are developing a summary report to simplify interpretation of the benchmarking results. We : ( =
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are also expanding the genomic coverage of the GIAB characterization to include more challenging . P

. . ) o assemblies generated from rmary
regions such as low complexity regions and segmental duplications for both GRCh37 and GRCh38. < :
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The GIAB consortium is also developing benchmark sets and benchmarking methods for validating NIST-GIAB and consortium members
structural variants, allowing for high confidence structural variant detection. Expanding the GIAB L \/\ _ Updatg Release
genome characterization and improving the interpretability of the GA4GH benchmarking tool will : Integration benchmark .
. . .. . : . p|pe||ne set for Release
inevitably help clinical genomics reach its full potential. Integration parameters and community B N "
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Started in 2012, over the last eight years the Genome in a Bottle
Consortium has developed and characterized the first set of human
whole genome reference materials. GIAB has developed small vari-
ant benchmark sets for 7 genomes (HG001 - HG007), NA12878 and
two trios from the Personal Genome Project. Approximately 90% of
non-gapped bases, primarily easy to characterize regions, of the ge-
nome are covered by the small variant benchmark sets.
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Benchmarksets are fit for
purpose when the majority of
> discrepancies between user
and benchmark sets are errors
In the user variant call set.
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m GIAB Consortium formed - no human genome Reference Materials

21155 Small variant genotypes for ~77% of pilot genome NA12878
m NIST releases first human genome Reference Material

Small variants for 90% of 7 genomes for GRCh37/38 Benchmark
Draft SV Benchmark Set :
Evaluation

Characterizing difficult variants and regions

GIAB consoritum members compare
benchmarkset to own primary analyses

Small Variant Benchmarking

See Justin Zook’s Poster for GIAB Small Variant

Interpreting Benchmarking Results
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- Updated GRCh37 and GRCh38 stratifications. <51 bp 5110 200 bp 200 bp

Repeats > 95% Identity ferent stratifications. Poor performing stratifications
- Improved benchmarking report to aid interpretation.

are in the top right corner of the plots. Colors used to
indicate low performing stratifications.

Example IGV session for manual curation.

Comparison of benchmarking results on different
scales and with confidence intervals for improved in-
terpretation.

Contact Us

Assembly Benchmarking

Structural Variant (SV) Benchmarking

SV benchmark set developed using variant calls and assemblies from multi-
ple technologies (Zook et al. 2019, doi.org/10.1101/664623).
- Benchmarking set integration pipeline diagram below.
. Structural variant benchmarking tools:
- TRUVARI (github.com/spiralgenetics/truvari)
. SVanalyzer (svanalyzer.readthedocs.io/en/latest/)
. V0.6 Benchmark set used in the development of Sniffles one of the most pop-
ular long read SV callers (Sedlazeck et al 2018, doi.org/10.1038/541592-018-
0001-7).

GIAB small and structural benchmarking set along with benchmarking
methods complements existing assembly evaluation methods.
Assembly based variant calling methods are under active development.

User Assembly
_ Small variant calls
\ Assembly-Genome dipcall (https://github.com/lh3/dipcall)

Alignment and

/ Variant Calling

| Email Us!

Justin Zook GIAB Co-Leader: justin.zook@nist.gov
Nate Olson NIST-GIAB Team Member: nolson@nist.gov

Want to benchmark your variant callset
or assemblies but don't know how?

Have data you want to contribute?
Want to get involved in GIAB?

Structural variant calls
SVrefine (https://svanalyzer.readthedocs.io/)

Reference

“The GIAB SV callset helped me to improve Sniffles especially for the large
and very small SVs and improve the overall genotyping accuracy of my
method”

Genome

User Variant
Callset

Fritz Sedlazeck (Sniffles Developer)

Benchmark Calls Pipeline Benchmark Regions Pipeline

SV calls discovere din 68
sequence-resolved callsets from 4
technologies for GIAB AJ Trio
(Supplementary Table 1).

Call SVs from PacBio- and 10X-based
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Sequence-resolved SV calls were
clustered using SVanalyzer merge
within 20% edit distance.

Take union of diploid regions from input
assembies. Excluding tandem repeats
longer than assembly read lengths.

k Di Call SVs from PacBio- and 10X-based
'5?::8; diploid assemblies relative to GRCh37

GIAB Benchmark sets assembly benchmarking examples
e« Gargetal 2019 (doi.org/10.1101/810341)
« Shafin et al. 2019 (doi.org/10.1101/715722)

Clustered SVs supported by 2+ tech or 5+

allers or BioNano/ Nabsys support. using SVRefine.
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Ask about available Post-Doc opportunities.

Compare assembly SVs calls to

Genotyping with multiple technologies
sing svviz2 (Table 1).

Filtering SVs with consensus variant
genotype across technologies for son.

Benchmark callset using SVRefine.
Keeping variants with 80% similarity to
19748 arlants variants in the benchmark callset. Cluster
remaining variants using SVanalyzer

l l merge within 20% edit distance.

Assembly Benchmarking Under Development
- Developing pipeline for assembly benchmarking and report
to summarize results.

-

Find out more about GIAB @
www.genomeinabottle.org

Exclude regions around variants including
overlapping repretative regions using
svwiden and bedtools and unresolved
variants and clusters of variants

Filter Complex
12745
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Excluding SVs within 1kb of another SV. Trim Regions
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V1.0 SV Benchmark Sets Under Development

« GRCh37 and GRCh38 GIAB other genomes

. Utilize ONT UL and PacBio HiFi data

- Rewriting code base for reproducibility and im-
proved transparency.
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