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Whole genome sequencing (WGS) offers the 
greatest potential to comprehensively and 
accurately identify all forms of human genetic 
variation. The accessibility of WGS data for 
diagnostic use has increased due to cost 
reductions in recent years, driving the need for a 
high quality, clinically validated offering. 

Our platform has completed an extensive 
benchmarking study of the Illumina PCR-free 
whole genome pipeline to establish clinical validity 
for the end-to-end laboratory, analytical, and 
computational processes.  Our benchmarking 
study is comprehensive in nature,  including 
measuring the precision, robustness, limits of 
detection for variant classes, and contamination 
estimates. A cohort of well-characterized 
reference controls and clinical samples with 
previously identified pathogenic variants were 
used to establish the performance characteristics 
of our clinical WGS test, which at 30X coverage 
has >99% analytical sensitivity for SNVs and 
>98% analytical sensitivity for small insertions and 
deletions. Our platform is capable of operating at 
a scale that supports applications from individual 
clinics (cancer and medical genetics related 
applications) as well as large scale ambitious 
collaborative projects such as the All Of Us 
program which aims to  generate clinical grade 
whole genome variant calls for 1 million healthy 
research participants. 

Validation Assessments

Introduction Clinical Whole Genome Sequencing Workflow: Data Generation to Delivery

SNV, InDel, CNV, and Structural Variant 
Calling; Paired Tumor-Normal Analysis
The preliminary iteration of the clinical whole 
genome sequencing product included hg38-aligned 
reads in CRAM file format as a deliverable to 
support variant calling and clinical interpretation for 
downstream laboratories.

In the coming months, deliverables will be 
expanded to include hg19 BAMs, and hg19 SNV, 
InDel, CNV, and structural variant calls. In addition, 
we expect to expand to offer paired tumor-normal 
analysis as well. 

Somatic Genome QC
To support future clinical whole genome cancer 
sequencing offerings, we are using a large somatic 
WGS cohort for quality control and methods 
development.

Future Developments

Sequencing Capacity

Whole genomes have become an increasingly 
affordable option with deep and even sequencing 
coverage. The Broad Institute can provide support 
for large-scale clinical sequencing project with high 
quality data delivered via the cloud.

Conclusion
A recent pilot study leveraged workflow 
modifications and an Illumina Dragen analysis 
pipeline, and an in-house developed filtration 
script to demonstrate the ability to go from sample 
intake to clinical grade, gold standard PCR-Free 
genome with a preliminary verbal clinical report 
covering the ACMG genes in less than three days. 

Data used in this poster was generated at the Broad 
Institute.

For more information please visit: 
http://genomics.broadinstitute.org/ 
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Assessment Measured Performance

Analytical Sensitivity vs NIST 
NA12878

99.86% SNP Sensitivity
98.78% InDel Sensitivity

Analytical Specificity vs NIST 
NA12878

>99% SNP Specificity
>99% InDel Specificity

Precision -- Inter-Run Repeatability >99.99% SNP Genotype Concordance 
across all replicates

Precision -- Intra-Run Repeatability >99.99% SNP Genotype Concordance 
across all replicates

Analytical Sensitivity for Previously 
Identified Pathogenic Variants

100% (10 of 10) known pathogenic 
SNPs detected
100% (6 of 6) known pathogenic 
InDels detected

Coverage and Callability 99.88% of pathogenic or likely 
pathogenic variant sites in ACMG 
genes are consistently covered and 
callable

All of Us Project and Validation 
Supplement

Rapid Clinical Genome Sequencing and Interpretation in Less Than 3 Days

Performance assessed on the NovaSeq platform. Pathogenicity assessments sourced 
from ClinVar.

Systems Supporting Scale and Compliance

Positive tracking with 1D and 2D barcoded tubes, fully integrated Mercurcy LIMS and automation, version-controlled analysis workflows leveraging 
GATK Best Practices, Terra UI for cloud analysis, secure data delivery portal

The All of Us Research Program is a historic, 
longitudinal effort to gather data from one million or 
more people living in the United States to accelerate 
research and improve health as part of the broader 
Precision Health Initiative. We have partnered with 
Color Genomics to provide genotyping and whole 
genome sequencing and interpretation for >65,000 
samples in year one. 
We are currently supplementing our initial validation 
with an additional 50 samples with known, 
clinically-relevant variants within the ACMG59 genes 
to comply with New York State Permit requirements, 
as well as validating GATK Best Practices tools for 
variant calling, including a single-sample workflow and 
Structural Variant Detection workflow. 

Our current operations produces a 30x human 
genome every 10 minutes, with an average of 
15-20 PF Tb output per day, equating to more 
than 1000 human genomes per week. Over 2M 
samples have been received and processed.

Sample Rapid Genome Results

Patient Sample 1 Concordant - Disease causing variants identified

Patient Sample 2 Concordant - Disease causing variants identified

Patient Sample 3 Concordant - Disease causing variants identified

Patient Sample 4 Concordant - No disease causing variants in ACMG59 genes identified

Patient Sample 5 Concordant - No disease causing variants in ACMG59 genes identified

Patient Sample 6 
(NA12878)

Concordant - No disease causing variants in ACMG59 genes identified
>98% Sensitivity for SNVs and InDels vs NIST NA12878
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Workflow differences allowing for a rapid genome

Lab Batch Size Sequencing Flow Cell Analysis Pipeline Variant Annotation and Reporting

Standard Workflow 96 samples NovaSeq S4 2x151 Picard and GATK Funcotator WDL + hand off to partner lab

Rapid Workflow 1-4 samples NovaSeq S1 2x151 Edico-Dragen Funcotator WDL + in-house review and interpretation

SNP/INDEL

CNV


