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Few Actionable Alleles 
Missing ‘Heritability’ 

Rare Mendelian……….. ‘Oligogenic’ ……………. Common Complex 

Low frequency/High impact 
Not related to sporadic cases  
   in a simple way 

              Jim Lupski       Richard Gibbs     Eric Boerwinkle    

Clinical and Biologic Continuum of Simple/Complex and Rare/Common  

http://duke.academia.edu/ClaudiaGonzagaJauregui


Clinical ⇔ Research Enterprises 

DNA Test for Rare Disorders Becomes More Routine,  
G. Kolata  
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Patients           versus               Research Subjects 
 

 
- Privacy protected, 
- Strict rules 
- Generalized individual  
consent process 
- Straightforward 

etc 

 
- Privacy protected, 
- Strict rules 
- Customized consent process 
- Complicated 
- Includes data release/sharing  
     options 

Research protocol directed Physician guided 

Fire-Wall 

Clinical variant data sharing: technically easy 
Restricted by HIPAA 
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Mendelian Discovery Scorecard 



jamanetwork.com 

Available at jama.com and  
on The JAMA Network Reader at 

mobile.jamanetwork.com 
 

Y Yang and coauthors 
 
Molecular Findings Among 
Patients Referred for Clinical 
Whole-Exome Sequencing 
 
Published online October 18, 2014 
 

 



Molecular Diagnosis Rate 

0% 10% 20% 30% 40% 50%

Specific Neurologic (n=83)

Neurologic only (n=526)

Neurologic plus (n=1147)

Non-neurologic (n=244)

Overall (n=2000)

Diagnostic rate (+/- 95% CI) 

Yang, et al., JAMA, 2014 25% Diagnostic Rate Maintained for 3384 patients 



Research Pipeline for Unsolved Cases 
• Unsolved cases available for research consent through the CMG: 1,697 
• Cases consented for research: 121 
• Trios completed exome sequencing: 69 

Clinical requisition 
includes option to  
re-contact for 
research 

Family is 
consented under 
research protocol 

Clinical exome 
data transferred 
and reviewed 

Additional 
sequencing,  
Including WGS 



HiSeq XTen Validation and Burn-in 

• First instrument: Sept 2014 
• Validation: Hapmap trio + HS1011 (CMT neuropathy 

sample) 
• Burn-in:  targeting 500 production samples  

– ARIC, Mendelian, Cancer cell lines, etc 
– Version 1 and Version 2 chemistry and software 
– Standard Nano libraries and PCR free libraries 
– Single samples per lane and multiplexing 

• Final goal: implementation for clinical WGS sequencing 

 
 



Whole Genome Sequencing: XTen 

“Truth Set” is a PASS concordance of 4 WGS HS1011 samples 

 
 
Total samples = ~300 
Avg Pass filter = 881 Gb 
Avg Unique Aligned = 717 Gb 
 
 
 
  

Variant Concordance Analysis 

Sample A Average Coverage Sensitivity False Positive Rate 

HS1011 Nano_v1 36X 96.79% 2.77% 
HS1011 Nano_v2 36X 97.43% 3.80% 
HS1011 HiseqX PCR free 35X 96.57% 3.28% 



Tools Upgraded for WGS Analysis 
MercuryV2: 
• Includes CasandraV2 
• In-House developed annotation 

pipeline 
• Upgrade includes ENCODE, 

FANTOM5, Ensembl, along with 
CADD, Funseq, RegulomeDB for 
scores to aid in prioritization  

SV Parliament: 
• Infrastructure for consensus 

structural variant calling 
using platform specific tools 

• Technology-specific method 
to reduce clustering 

• Local assembly for 
evaluation 



Genetest Coverage Comparison: 
30X Genome and Clinical Exomes 



A Signal to Noise Problem 
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Signal to Noise Ratio 

N
um

be
r o

f V
ar

ia
nt

s 
Signal to N

oise Ratio 

Number of Individuals 

Hypothesis: 
Annotated and Filtered 
Sequence Data 

Array Genotyping 

Discovery Threshold 

15 

Small Large 



Cassandra XTen Annotation 

XTen WGS VCF (~5M combined SNVs 
and InDels) in 8 hrs running on an 8 
core node 



 Pipeline for unsolved clinical cases 2:   
whole genome sequencing – HiSeq XTen 

Overall Summary 
Families Samples Family Structure Phenotypes 

10 31 7 Trios, 2 Quads &  
Discordant Twins 

Cardiac, Neurologic, 
Immunodeficiencies and Renal 

Average Quality Per Sample 

Uniq. Aligned Gb Coverage Mode Insert Size % Align % Error Unique % 
111 37X 343 92 1.2 87 

Strong Candidate Findings: 
review by physician and/or validation in progress 

Phenotype Gene Classification # Cases 
dysplastic R kidney, hypotonia, 
neurogenic bladder, nonverbal, motor 
regression 

EBF3 Novel 3* 

NBIA like (Neurodegeneration with Brain 
Iron Accumulation) 

OPA1 Phenotypic Expansion? 2* 
190bp deletion in SP8 additional analysis in progress 

*Additional Cases found in BHCMG Database 



• Discovered a large (168bp) de novo deletion in 
the gene SP8 (not picked up by multiple tools in 
WES). 

• The protein encoded by this gene is an SP family 
transcription factor that in mouse has been 
shown to be essential for proper limb 
development 

• Although the phenotype isn’t concordant with 
the patient, the importance of the gene and the 
deleteriousness of the variant warrant 
consideration 

Family 9: Neurodegeneration with Brain 
Iron Accumulation 



CHARGE –omics Ongoing Work 
Ongoing/projected whole-genome omics data in CHARGE 

Cohort WES WGS Express Methyl Metab miRNA Flow Cy 
ARIC EA 10,000 1,706 2,000 1,000 1,616 2,000 1,498 
ARIC AA 3,200 1,901 40 2,873 2,594 0 396 
CHS 3,048 830 0 320 0 0 1,200 
FHS 2,975 4,859 5,622 2,726 2,650 5,718 0 
RS 4,500 100 1,781 1,700 2,000 0 0 
CARDIA 204 0 0 0 1,000 0 0 
FamHS 0 0 0 0 0 0 0 
HABC 0 0 0 0 319 0 0 
JHS AA 3,237 3,550 0 96 0 0 0 
MESA 404 0 1,264 1,264 4,000 1,264 1,200 
ERF 1569 25 0 0 3,094 0 0 

Total 29,137 12,971 10,707 9,979 17,273 8,982 4,294 

WES = whole exome sequencing; WGS = whole genome sequencing; Express = genome wide gene expression (array or sequencing); 
Methyl = whole genome methylation data; Metab = metabolomics data; miRNA = micro RNA qPCR, T-Cell = color flow cytometry panel 



gSNAP: genomic Sequencing Nucleotide  
polymorphism Analysis Pipeline  

Features: 

– a large scale genomic computing framework, exploiting Cloud, 
superclusters and local HPC 

– high quality joint variant calling at 10k-100k genomes scale 

– one-stop shopping experience (multiple variant types with multiple callers) 
• SNP calling: GATK (HaplotypeCaller, UnifiedGenotyper), SNPTools, GotCloud 

• INDEL calling: Platypus, GATK, Pindel 

– robust consensus strategy to resolve complexity in calling algorithms 

– various filters to resolve complexities in genomic regions, variant types, 
and haplotype substructures 

– highly scalable with inexpensive cost per genome 

– applied to CHARGE WGS variant calling of 5300 samples 
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Lachesis:  
Full Model Annotation 

21 

CETP 



Thank you and Questions? 

Virtuous Cycle 
 Gibbs 
Clan Genomic 
 Gibbs and Lupski 
BMGL 
 Eng, Yang, Muzny, Gibbs, Beudet 
BHCMG 
 Valle, Lupski, Jhangiani 
CHARGE 
 Psaty, O’Donnell, Hofman 
CHARGE WGS 
 Gibbs, Muzny, Morrison, Voorman 
Cassandra 
 White, Bainbridge, Liu 
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