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Clinical and Biologic Continuum of Simple/Complex and Rare/Common
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Number of rare, non-synonymous mutations
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Patients versus Research Subjects

Fire-Wall

HIPAA

Health Insurance Portability

and Accountability Act

- Privacy protected,

- Privacy protected, otc - Strict rules

- Strict rules - Customized consent process
- Generalized individual - Complicated

consent process - Includes data release/sharing

- Straightforward options

Physician guided ﬁ Research protocol directed

Clinical variant data sharing: technically easy
Restricted by HIPAA
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IMPORTANCE Clinical whole-exome sequencing is increasingly used for diagnostic evaluation

of pati with d genetic di s

ORECTIVE To perform clinical whole-exome sequencing and report (T) lha rate ofrnoluulat
diagnosis among phenotypic groups, (2) the of genetic to
disease, and (2)the I of Ih ionable incidental findings such as FENT

! ausing Marfan syndi

DESIGN. SETTING, AND PATIENTS Observational study of 2000 cogseautive patients with
clinical whole-exome lyzed E d August 2014,
Whele-axome sequencing tests were performed at a cliniéalgenetics laberatory in the
United States. Results were reported by clinical molecular geneticists certified by the
American Board of Madical Genetics and Genomics. Tests ware ordered by the patient’s

physician. The patients were primarily pediatric (1756 [88%]: mean age. & years: 888 females
[44%] 1101 males [55%], and 11 fetuses [1% gender unlencmn]l. demonstmmg diversa clinical

most often including nervous function such as d I dalay

MAIN OUTCOMES AND MEASURES Whole-exome sequencing diagnosis rate overall and by
phenctypic category. mode of inheritance, spectrum of genetic events, and reporting of
incidental findings.

RESLLTS A molecular diagnosis was reported for 504 patients (25 2%) with 58% of the
diagnostic mutations not previously reported, Molecular di is rates for each pl ypi
category were 143/526 (27 2%; 55% Cl, 23.5%-21.2%) for the neurological group, 282/M47
{24.6%: 95% CI, 221%-27.2%) for the neurclogical phus other organ systems group, 30/83
{361%: 95% CI, 261%-47.5%) for the specific neurclogical group, and 49244 (20.1%:

05% Cl, 15.6%-25.8%) for the logical group. The Mendelian disease patterns of the
527 molecular diagnoses included 280 (53.1%) I domi 1B1(34.3%) |
recessive (including 5 with uniparental disomy), 65 (12.3%6) %-linked, and 1(0.2%)
mitachondrial. Of 504 patients with a molecular diagnesis, 23 (4.6%) had blended
phenctypes resulting from 2 single gene defects. About 20% of the positive cases harbored
mutations in disease genes reported since 2011, There were 95 medically mnnable
incidental findings in genes unrelated to the ph pe butwith i di for
management in 92 patients (4.6%), including 55 patients (3%6) with mutations in genes
recommended for reporting by the American College of Medical Genatics and Genomics.

CONCLUSIONS AND RELEVANCE Whol 1encing p | I molecular
diagnosis for 25% of a large cohort of patients referred for evaluation of suspected genetic
conditions, including detection of rare genetic events and new mutations :ontnbuung o
disease. The yield of whol ing may offer ad: ages over traditi
maolecular diagnostic approaches in certain patients.
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Overall (n=2000)

Non-neurologic (n=244)

Neurologic only (n=526)

Specific Neurologic (n=83)

0% 10% 20% 30% 40% 50%
Diagnostic rate (+/- 95% CI)

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



Research Pipeline for Unsolved Cases

e Unsolved cases available for research consent through the CMG: 1,697

e (Cases consented for research: 121
* Trios completed exome sequencing: 69

Clinical exome

Fllnlcal requ!smon Family is Additional
includes or;tlon to AR e dazla transfer‘:ed sequencing,
re-contact for and reviewe .
research protocol Including WGS
research
Phenotype Gene Classification | # Cases Notes
DD, Lt Vt NonCompaction, Abnormal muscle biopsy MIPEP Novel 1
Validation in
DD, Epilepsy, Ataxia, Hypotonia, Hirschsprung disease PMPCA Novel 3* Progress
A | gait, sl h hic faci
bnorma _ga-lt, slurred speech, myopathic facies, TANGO2 Novel 5
hypothyroidism
. Clinical Re-
Neonatal Seizures SLC13A5 Known 2* Signout
Encephalopathy, dysmorphic features, bilateral hearing Clinical Re
loss hypopigmentation, agenesis corpus callosum, ZBTB20 Known 1 Sienout
behavioral problems g
NK cell deficiency, GH treated Short Stature PIK3CD Known 3* Validation in

Progress

*Additional Cases from BHCMG database




HiSeq XTen Validation and Burn-in

* First instrument: Sept 2014
e Validation: Hapmap trio + HS1011 (CMT neuropathy
sample)
e 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
e Final goal: implementation for clinical WGS sequencing
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Whole Genome Sequencing: XTen

HiSegX Flowcell Yields (Gb)

700

= = = |LM Metric for FlowCell Yield — — — At 90 Gb/Lane Unique Aligned

¥ Unique Aligned Yield ¥ Total Passed Filter Yield H Estimated Passed Filter Yield

Variant Concordance Analysis

Total samples

=~300

Avg Pass filter = 881 Gb
Avg Unique Aligned =717 Gb

Sample A Average Coverage Sensitivity False Positive Rate
HS1011 Nano_ vl 36X 96.79% 2.77%
HS1011 Nano_v2 36X 97.43% 3.80%
HS1011 HisegX PCR free 35X 96.57% 3.28%

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




Tools Upgraded for WGS Analysis

Yalence MercuryV2:
bam BWA L Atlas-SNP J cas;’::dra J * Includes CasandraV2
“final.vcf” .
etc. A * In-House developed annotation
Data from bel : s e PAM L o snpvef g ‘ plp6|lne
llumina .
nstont finalbam . e Upgrade includes ENCODE,
\ﬁ .
{ indel vef 1 FANTOMS5, Ensembl, along with
£ X CADD, Funseq, RegulomeDB for
BAM las- assandra e g . . . .
CASAVA finishing ‘ pollll scores to aid in prioritization
DNAnexus
S arra
S s

SV Parliament:

* Infrastructure for consensus
structural variant calling
using platform specific tools

e Technology-specific method
to reduce clustering

e Local assembly for
evaluation

[ ] ( i. Hybrid
aCGH, Irys Reduce & Cluster I Assembly .
= " l i
lchtcla SVatchra — g
r———— | | Yes

Y
Discordant Loci i Pacnlol
Dalabase . Force Falllng _
i No

Breakdancer, Delly, " L
CNVnator, Pindel, Crest, - Annotation
SV-STAT, Tiresias Sources

Putative 5Vs /I

H51011 WGS

PacBio Honey

| Heurislics




Genetest Coverage Comparison:
30X Genome and Clinical Exomes

Number of Genes

Gene Coverage Over GeneTest (n=1821)

1,300

1,600

g8 8

300

600 -|-

200 - :[LTI-- | 'I | T

0
<90% 90-97% 97-99% 100%

Percent of Gene Covered 220X

“ HiSeq2000 PCR-based " HiSeq X Ten Nano v2 K HiSeq2500 PCR-free
i HiSegX Ten PCR-free ' VCRome Exome & VCRome+PKv2 Exome



A Signal to Noise Problem

Sequencing

Array Genotyping

Number of Variants

Small Large

Number of Individuals
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Signal to Noise Ratio

Number of Variants

. 7 |
Discovery Threshold .~ I
7
- |
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-7 I
7
: s |
Array Genotyping _~ :
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“ |
Ve .
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s I
// - -~
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Signal to Noise Ratio

Number of Variants
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“translate”

Gene-model

Pre-computed

ANNOVAR
SnpEff
VEP
b4
Ensembl
RefSeq

Local-run

ANNOVAR
SnpEff
VEP

x

Ensembl
RefSeq
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Other resources

| Featwre | Components |
Functional dbscSNV, FATHMM, LRT, MetalR,
prediction MetaSVM, MutationAssessor,
{(missense and MutationTaster, Polyphen2,
splicing SNVs) PROVEAN, SIFT, VEST3

Functional
prediction (non-
coding SNVs)

CADD, FATHMM-MKL, Funseq,
Funseq2, RegulomeDB,

Allele Frequency 1000G, ESP6500, EXAC, UK10K

Disease-related ClinVar, COSMIC,
Variants GWAS catalog, GRASP
GERP++, phastCons x 3,

Conservatio
o PhyloP x 3, SiPhy

Epigenomics Encode, FANTOMS5, Roadmap

expression profile, gene-gene
Gene-centric interaction, pathways,
phenotypes of model organisms

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

SNV annotation

<

INDEL annotation




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

Overall Summary

Families | Samples | Family Structure Phenotypes
10 31 7 Trios, 2 Quads & Cardiac, Neurologic,
Discordant Twins | 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 EBF3 Novel 3*
regression
NBIA like (Neurodegeneration with Brain OPA1 Phenotypic Expansion? 2*
Iron Accumulation) 190bp deletion in SP8 | additional analysis in progress

*Additional Cases found in BHCMG Database



Family 9: Neurodegeneration with Brain
lIron Accumulation

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

e 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

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



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 lac:
polymorphism Analysis Pipeline &3
V-

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)
e SNP calling: GATK (HaplotypeCaller, UnifiedGenotyper), SNPTools, GotCloud
e |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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Full Model Annotation
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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

#UTHalh  BCM

Health Science Center at Houston Baylor College of Medicine

HUMAN GENOME SEQUENCING CENTER
i
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