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Genomic assays

Genotyping array
• Typically target 500K – 2 million sites across the genome
• Can identify other potential variant sites via imputation

Targeted panel
• Typically target 10s-100s of genes, though some are in low 1000s
• Can be enhanced to target specific clinically relevant content (e.g., CNVs or deep intronic variants)

Exome
• Targets the ~2% of genome that is coding (i.e., all ~20,000-25,000 genes)

Genome
• Unbiased sequencing of entire genome, including mitochondrial genome

Low-pass genome
• Average coverage varies based upon costs and needs (0.25x to 5x)
• Requires imputation to identify haplotypes and variants
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Genomic bioinformatics pipeline

Bioinformatics Pipeline Interpretation & Reporting

Align            Call         Annotate Filter      ReportVariant 
Interpretation
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Raw data and storage

• File sizes may differ, particularly for VCF
• Joint/merged VCF files may reduce average file size

• Annotated VCF files will increase file sizes

• VCF files and annotations may be represented efficiently in a database

*All sizes are estimates and vary on sequencing depth, panel size, and annotations from variant caller  

IDAT CRAM VCF Imputed VCF

Genotyping array 60M NA 20M 750M

Targeted Panel NA 500M 5M NA

Exome NA 5G 100M NA

Genome NA 30G 1G NA
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Genomic bioinformatics pipeline

Bioinformatics Pipeline Interpretation & Reporting

Align            Call         Annotate Filter      ReportVariant 
Interpretation
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Alignment/Variant calling

Clustering (for arrays)
• Typically, not or can’t be done for rare variants

Alignment
• Choice of alignment tool affects accuracy
• Choice of reference genome may affect variant calling 

and downstream annotations

Variant calling
• Multiple variant callers may be needed to capture all 

relevant variant types
• Choice of caller affects accuracy



7

Genomic assays – Relative accuracy

Common variants Rare Variants Copy Number Variants Structural Variants

Genotyping array Good, but limited Poor and limited Good, but generally for 
large events

Poor

Targeted Panel Good Good Low-resolution, unless 
specifically assayed

None

Exome Good Good OK, low-resolution Poor

Genome Good Good Good, but low PPV for 
small events

Emerging

Low-pass genome Good Poor Good for larger events Unknown

*All sequencing methodologies are using short reads
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Difficult regions (i.e., missing data)

• Even with generally high accuracy, many 
critical variants are still challenging to 
detect

• Important to know where datasets may 
be incomplete
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Genomic bioinformatics pipeline

Bioinformatics Pipeline Interpretation & Reporting

Align            Call         Annotate Filter      ReportVariant 
Interpretation
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Filtration Methods

• Need to annotate and filter variants

• Goal: identification of returnable Pathogenic and Likely Pathogenic variants
• No prioritization based upon patient phenotype

• Balance sensitivity with PPV
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Standards in variant interpretation
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Filtration Results

Results still require manual review for 
pathogenicity

• Not all previously reported variants meet 
criteria for P/LP

• Not all variants annotated as loss-of-
function are actually LOF

• Not all diseases associated to a gene are 
returnable

• Variants may only be in carrier state for 
recessive disease
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Genomic bioinformatics pipeline

Bioinformatics Pipeline Interpretation & Reporting

Align            Call         Annotate Filter      ReportVariant 
Interpretation
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Returnable results: genotyping arrays vs. sequencing

Genotyping arrays
• Predefined list of variants interrogated

• Poor performance for rare variants
• Inaccurate sites are often recurrent
• Can have TP and FP for same site

Sequencing
• Interrogates whole coding sequence

• Can get “novel” variants

• General high accuracy of variant calling
• However, confirmation may still be necessary for 

to identify false positive calls
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Confirmation of sequencing variants
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Returnable results: genotyping arrays vs. sequencing

Sequencing more accurately reflects true spectrum of variation

Missing variation from genotyping data often due to missing probes and poor performing probes 
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Genomic bioinformatics pipeline

Bioinformatics Pipeline Interpretation & Reporting

Align            Call         Annotate Filter      ReportVariant 
Interpretation
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Revisiting raw data

Reassessment of variants can lead to additional returns
• New evidence available
• New guidelines for classification

Improved algorithms can more accurately call variants
• Especially true for CNVs/SVs
• Also for small variants, even with current high accuracy

Other improvements affecting bioinformatic pipelines
• Annotations (e.g., updated transcripts, LOF prediction)
• Improvements in reference genomes

Variant type Sensitivity PPV

Pipeline 1 SNV 0.9900 0.9941
Indel 0.9897 0.9937

Pipeline 2 SNV 0.9967 0.9993
Indel 0.9948 0.9967
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Improvements in the human genome reference

• Telomere-To-Telomere
• Complete haploid genome (CHM13)
• Additional 200Mb of genomic content

• Human Pangenome Reference
• Captures genetic diversity of human species
• Improved variant calling, especially in difficult regions
• Improved SV/CNV calling
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Genomic bioinformatics pipeline

Bioinformatics Pipeline Interpretation & Reporting
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Bioinformatic considerations for NOT reporting

Can you generate data without initiating return?
• Most cohorts have not masked/removed potentially returnable variants

• Typically release unannotated VCF and/or aggregate data
• Difficult to identify actionable variants without further information

Are there methods to mask rare variants?
• For genotyping arrays, you can remove them from the manifest
‒ May appear in imputation if “common” enough

• Harder for sequencing-based methods
‒ Due to identification of ”novel” variants
‒ Possible to do it by population frequency (e.g., only keep variants >5% frequency)
 Will remove more variants than may be wanted



Thank you!
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