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Exome Sequencing in Consumer Genomics

 Exomes done as part of Pilot 
Program

 80x coverage

 Raw data with no interpretation
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Using exome data to explain a rare autoimmune disorder
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Treating my healthy self to a Mendelian disease analysis



Consumer exomes: done using best practices

 Sequencing done on HiSeq 2000
- 75bp PE
- Agilent SureSelect exome capture

 Aligned and called with BWA/GATK
- Broad’s Best Practices with GATK Guide
- Indel realignment
- UnifiedGenotyper called samples concurrently

 Deliverables
- BAM (minus indel realignments)
- VCF (some filters applied)
- PDF of Summary Report



Research or clinical grade?

Total Reads 140M

Unique Align 87%

Mean Target 105x

% Target at 2x 97%

% Target at 10x 94%

% Target at 20x 89%

% Target at 30x 83%



Clinical grade

Unfiltered Provided RD>10 & GQ>20 Exonic
SNPs 98621 89132 65009 19365
InDels 8141 7800 6503 428
Ts/Tv 2.36 2.45 2.54 3.26

Mendel Errors 234 202 46 3

Gabe

Trio



Summary Report



Updated VCF and report at end of October

GATK is a Research Tool. Clinics Beware.



Using exome data to explain a rare autoimmune disorder

Treating my healthy self to a Mendelian disease analysis
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Consumer genetics data: research or clinical grade?

Rare Variant Analysis: 
The Hammer

My Exome: 
The Nail



Filtering and analysis strategy

Everything

Low quality & 
phantom

Non-synonymous
or

LoF

Rare

 1,698

 17K

 85K

 151K

Now what?

 Follow best 
practices for high-
impact variants

 Weed out false-
positives

 Use functional 
prediction

 Interpretation more 
open-ended



Population catalog and variant classification

Variant Rare (Novel)
Intergenic 8,462 3,609 (1,130)
Intronic 48,826 7,516 (4,418)
UTR 3/5 4,128 669 (303)
Non-coding 1,643 648 (183)

Variant Rare (Novel)
Splicing 79 28 (17)
Frameshift Ins/Del 196 138 (118)
Stop gain/loss 113 31 (9)
Non-synonymous 10,252 1,501 (447)
In-frame Ins/Del 256 162 (89)
Synonymous 11,080 885 (215)
Unknown 589 176 (36)
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Loss-of-function: 197
Nonsynonymous: 1,501



More filtering strategies

 Regions of Chromosomal Duplication (SuperDups)

 Look at genes in OMIM (most)

 Use predictions of genes as recessive/haploinsufficient to 
weed out low-priority genes

 For nonsynonymous missense variants can use functional 
prediction (SIFT/Polyphen2) to annotate



Genes of interest and homozygous variants

Rare !Dups OMIM Rec Genes
Splicing 28 17 12 (2) 0 (0)
Frameshift Del 60 44 32 (4) 1 (0)
Frameshift Ins 78 66 46 (5) 3 (1)
Stop gain 31 8 7 (0) 0 (0)

Rare !Dups OMIM Rec Genes
Damaging (3/3) 337 108 85 (0) 9 (0)
Damaging (2/3) 205 139 97 (0) 7 (0)
Damaging (1/3) 136 194 129 (1) 12 (0)
Tolerated/Unk 781 339 204 (4) 10 (1)
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Homozygous: in OMIM: 16
Heterozygous in Rec Genes: 40



Homozygous variants

Note Variant AD DP GQ Gene(s) Classification HGVS Coding 1

common 1:54605319-Ins 50,26 76 99 CDCP2 Frameshift Ins c.1224_1225insC

reference 2:71062833-Ins 106,1 107 99 CD207 Splicing

in-wife 5:156721864-Ins 6,91 97 99 CYFIP2 Frameshift Ins c.279_280insC

bad-call 6:44269193-Del 120,1 121 99 AARS2 Frameshift Del c.2607delG

bad-call? 10:46999604-SNV 21,140 161 99 GPRIN2 Nonsyn SNV c.724A>G

common 12:26834806-Ins 95,1 96 99 ITPR2 Splicing

in-wife 14:63784408-Ins 3,141 144 99 GPHB5 Frameshift Ins c.156_157insC

bad-call 17:7606722-Del 161,6 167 99 WRAP53 Frameshift Del c.1565delC

bad-call 19:54649671-Del 142,1 143 99 CNOT3 Frameshift Del c.729delT

in-wife 22:19189004-Ins 6,183 189 99 CLTCL1 Frameshift Ins c.3601_3602insG

VUS X:16657321-SNV 0,54 54 99 CTPS2 Nonsyn SNV c.1342A>C

pathogenic X:38226614-SNV 0,29 29 84.27 OTC Nonsyn SNV c.148G>A

VUS X:100496711-SNV 0,65 66 99 DRP2 Nonsyn SNV c.380C>T

VUS/in-5-M X:105167411-SNV 0,16 16 48.13 NRK Nonsyn SNV c.2912A>G

wrong-geno X:112022302-Ins 61,1 62 99 AMOT Frameshift Ins c.3080_3081insCC

VUS/common X:150349559-Del 106,4 110 96.99 GPR50 Frameshift Del c.1504_1514delACCACT
GGCCA



Review Homozygous Variants
in SNP & Variation Suite and GenomeBrowseX:38226614X:38226614
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Using exome data to explain a rare autoimmune disorder



Juvenile Idiopathic Arthritis (JIA)

 Unknown cause, onset before 16

 Between 8 and 150 of every 100,000 
children

 50% have pauciarticular JIA
40% have polyarticular JIA

 Polyarticular RF negative sub-phenotype
has heritability similar to Rheumatoid 
Arthritis (RA)
- RA is expected to be 60% heritable
- 51% explained through current genetic 

associations
- 36% of heritability in HLA



IVA – Rare deleterious variance within 1 hop of JIA



1KG: 0.0013 AAF NHLBI: 0.0008      AA=0/AG=7/GG=4293



Altered T Cell and B Cell Signaling – Mostly HLA-DRB1



Variants in the Alerted T Cell and B Cell 
Signaling Pathway fall in HLA-DRB1/HLA-

DQA1/HLA-DQB1 and one in NFKB1



HLA Typing with Omixon Target HLA

 32 HLA genes, “types” based on IMGT/HLA nomenclature
 HLA-A*02 predisposes to early-onset JIA
 HLA-DRB1*08 and HLA-DPB1*03 predispose to poly RF- JIA
 HLA-DRB1*04, HLA-DQA1*03 and  HLA-DQB1*03 predispose to poly RF+JIA

HLA-DRB1
DRB1*04:07:01
DRB1*14:54:01

HLA-DPB1
DPB1*04:01:01
DPB1*04:01:01

HLA-A
A*24:02:01:01
A*03:01:01:01

HLA-DQA1
DQA1*01:04:01
DQA1*03:03:01



Predicting Lifetime Risk from Population Studies



GWAS for JIA



rs4272626 has R^2 of 1 with
rs4453038 which is 537bp away



UK 2012



CCHMC 2010



CCHMC 2012



Combined



 No smoking gun, but variants of interest

 Ongoing RA research with population level WGS and family NGS

 To be seen how much of autoimmune disorder heritability is explained by rare 
variants with higher effect sizes.

 Most promising signal is in genotype SNPs that might be tagging for functional 
mutations in regulatory regions.

 Rare sub-classifications like JIA polyarticular RF negative 
may be difficult to nail down with population studies

 Family studies looking at shared biomarkers along 
with symptoms may be better suited to find cause-effect 
relationships

 Wife’s nuclear family has diagnosed cases of:
̵ Pheochromocytoma: 2-8 per 1,000,000

̵ Guillain-Barré: 0.6-4 per 100,000

Final thoughts
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