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Background

“The reference human genome provides a foundation... but systematic
Investigation of human variation requires full knowledge of DNA sequence
variation across the entire spectrum of allele frequencies and types of DNA
differences.”

- 1000 Genomes Consortium (2010)

Projects investigating human genome variation:
« HapMap: catalogued allele frequencies and linkage disequilibrium (LD)
« 1000 Genomes Project: human variation at population-scale

Variation data sources:
« dbSNP: small (<50 b) genomic variants
« dbVar: large (>50 b) genomic variants

80 million genetic variants identified, as of Junel2015
Discordance between sequencing technologies and variant callers



Motivation

« How can we be sure these variations are “true”
variations?

- How can we be sure these variations are not only
accurate but also “clinically actionable™?

 This study aimed to:

- Develop methods to make high-confidence variant
calls, across seguencing technologies and
computational tools

- Make results publicly available as benchmark for
variant-calling tools



Data

Table 1 Description of data sets and their processing to produce bam files for our
integration methods

Sourced Platform Mapping algorithm Coverage Read length Genomefexaome
1000 Genomes llurnina Gallx EWA, 349 44 Genome
1000 Genames llurmina Gallx EWA = 54 Exome
1000 Genomeas 454 Ssahad 14 2349 GEnome
X Prize [llurnina Hiseq Mowoalign a7 104 Genome
X Prize S0LID 4 Lifescope 24 40 Genome
Complete Genamics Complete Genomics CiaToals 2.0 73 33 Genome
Broad [llurmina Hiseq EWA a8 93 Genome
Broad [llurnina Hiseq EWA 65 a5 Exome
IHumina [llurmina Hiseq CASAVA 80O 100 Genome
IHumina [llurmina Hiseq — PCR-free BWA 5& 99 Genome
IHumina [llurmina Hiseq — PCR-free EWA 190 99 Genome
Life Technologies lan Torrent tmap a0 237 Exome
IHumina lllurmina Hiseq — PCR-frae EWA-MEM &0 250 Genome
Life Technologies lan Torrent tmap 12 200 Genome

iThese data and other data seis for P& 12878 are available at the Genome in a Bottle ftp site at MCBI (fipitfip-trace.nchi
nih.gowgiabipddata/NAL 28787 and are described on & spreadshest at httpoifgenomeinabatile ong/blog-entryexisting-and-
future-nal 287 8-datasels.

14 data sets across 5 sequencing tech and 7 mappers



Methods

« 3 variant callers:

- GATK UnifiedGenotyper
- GATK HaplotypeCaller
- Cortex

 Arbitrated between data
sets that disagreed

* Filtered less confident
calls

Input: 14 Data sets

i

LS

Find all possible SNP/indel sites for each bam file (GATK ‘
UnifiedGenotyper, GATK HaplotypeCaller and Coriex)

Force genotype call from each data set for each site in
union of all candidate SNP and indel sites

Find concordant genotype calls to train GATK VQSR and
find evidence of bias/systematic errors

Arbitrate between discordant genotype calls using
evidence of bias

Filter locations where most data sets have evidence of
bias and regions inside possible structural variants
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Results

Integrated variant calls are highly sensitive an
specific

Table 2 Performance assessment of two individual callsets and our integrated calls vs. OMNI microarray SNPs and versus our integrated
SNPs and indels

OMMNI SNPs with OMNI SNPs without Integrated SNPs Integrated indels Common Novel
integrated BED file BED file with BED file with BED file variants variants
sensitivity  Specificity  Sensitivity  Specificity  Sensitivity Sensitivity
Data set Capture (%) (%) (%) (%) (%) PR? (%) (%) PR2 (%) TifTv TiTw
2h0bp_HC Genome 99.49 99.97 98.47 99.93 899.90 899.73 99.55 93.11 2.04 1.43
] Genome 9B.55 99.98 97.11 99.96 97.09 99.27 72.27 B9.43 2.10 1.29
Integrated Genome 899.54 599.98 nfa n/a nfa nfa n/a nia 2.14 1.94
250bp_HC Exome 99.55 99.98 99.10 99.96 99.90 99.58 100.00 54.60 2.60 1.57
Cca Exome 9B.35 99.99 97.64 99.96 99.00 99.04 90.00 B5.86 2.71 1.04
Integrated Exome 99.57 99.98 nfa n/a nfa nfa n/a n/a 2.92 1.330

#Precision ratio (PR) = true positive/(true positive + false positive). The specificity of all data sets versus our integrated calls is 100.00% owing to the large number of TMs. H0ur integrated calls

only contain 30 novel variants in the exome, so the TiTv has a high uncertainty. 250bp_HC is 250-bp lllumina sequencing mapped with BWA-MEM and called with GATK HapletypeCaller v2.6.
CG is Complete Gencmics sequencing from 2010, nfa, not applicable.



Can now quantify variant-

caller performance
against their benchmark

Available on Genome
Comparison and Analytic
Testing (GCAT) website
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Conclusion
« Understanding human variation is an essential
foundation for precision genomic medicine

» Here, authors develop variant-calling performan
nenchmarks, working toward clinical-grade
reference materials

e Limitations:

- B/c of arbitration/filter process of discordant regions
23% of genome not included in benchmark dataset

- Homozygous v. heterozygous variant-calling



Discussion/ Reference

Assuming similar approaches confirm “true”
variation, what are the best ways forward to

making genomic information “clinically-
actionable™?

[1] Rehm HL, etal. 2015. ClinGen - the clinical genome
resourceN Engl J Med72;23.
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