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To identify such genetic
changes (mutations,
variants, polymorphism) that

affect our * ,we
need to

To associate
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Genotyping Approaches

HumanOmni

* SNP Array — with ~2.5 million markers (e.g.,
llumina) covers only < 0.01% of the human E==
genome. SNP arrays are designed based on ==
Known markers from published specific —=
population studies = SNP bias

 Whole-Exome Sequencing (WES) — covers
only the coding component of the genome Uil
(~2%). However, most disease associated

SNPs from genome-wide association studies
(GWAS) are non-coding

 Whole-Genome Sequencing (WGS)




Public Genome Projects

Study No. Average No. Deep
Coverage Coverage
1000 Genomes 2015 2,504 7.4xX 453
Japan Genome 2015 1,070 32.4x% 1,070
Iceland Genome 2015 3,545 20x 909
UK Genome 2015 3,781 X 0
African Genome 2015 320 4x 0
Sardinian Genome 2015 2,120 4x 0
Netherland Genome 2014 750 13X 0

Total 14,090 2,432




The Clinical Genome

*In Depth Coverage
|In Breadth Coverage

*Quality and Reproducibility
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Falling fast

In the first few years after the end of the Human Genome Project, the cost of
genome sequencing roughly followed Moore’s law, which predicts exponential
declines in computing costs. After 2007, sequencing costs dropped precipitously.
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genome
sequencing.

Next generation
sequencers enter
the market.
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http://dx.doi.org/10.1038/507294a

Moore's law for
computing costs.

The price of
sequencing a
whole human
genome hovers
around $5,000
and is expected to
drop even lower.
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Workflow
amazon
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I - BCL to FASTQ

72hrs
hrs

. FASTQ to BAM (aligner) &
Sequencing (40 flowcells) B BAM to (9)VCF (variant caller)

Packaging (9 TB/day) Permanent storage (S3)
Upload (650 GB/sample) Downstream analysis
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Overall Quality Metrics
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30x-40x Depth | 85% Coverage (Blue) |
92% of Exome | 96% of Clinical Variants
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snp count

150 Million Variants

2e+09

| g With 100,000 individuals, it expected

total snps discovered

S B peveeel t0 find a variant every 6" nucleotide

5e+08- -

1e+08"

Te+077

2e+06"

— — projected discovery rate with error correction N T

Not only novel variants but also about a _
total of 3Mbp of novel DNA sequences 1,000,000

were identified.



Novel Variants by
Individual
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Affected GA, Heterozygous
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Mother |GG, Homozygous

111
10-29)
a 1.sorted.bam Coverage

| Father |GG, Homozygous
T
NF1 - neurofibromin (tumor suppressor) Mutation from G - A, only in the son,

introduces a splice acceptor leading to
skipping the beginning of an exon.

Delleman syndrome (congenital)



Rates of Variation
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SNVs per kb of element

Rates of Variation by
Genomic Feature
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Variants per Individual

Variant Type

SV - Structural Variants
Small insertions or deletions

(indels) < 20bp
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Number of Variants



Variants by Ancestry
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Variants by Ancestry
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Variants by Gender EUR

Age
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The 3D
[Non-Coding]
Genome




Gene Number # Organismal Complexity

| ~1Tmm |

Protein-coding genes | Protein-coding genes
~ 19,000 ~ 19,000




Where does the complexity come from?

“Gene regulation”

by region (e.g., breast versus kidney)
In response to environmental signals
iIn development (e.g., embryo versus adult)
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Topologically Associating

Domains (TADs)
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Pathogenicity over TADs
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Genome ' W
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Mapped & Unmapped
(per Individual)
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Abundance

Viral Load in Unmapped

Human endogenous retrovirus HERV-K113

Age
1.0e-04 - ;9100
75
7.59-05' o) 50
° 25
5.0e-05- 2 -
2.5e-05- e
0.0e+00- °
0 25 50 75 100

Age



Abundance

Viral Load in Unmapped

Human endogenous retrovirus HERV-K113
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Summary

* Generated first 10,000 deep coverage
genomes with clinical standards
(coverage, quality, reproducibility)

 |dentified 150 million SNVs

 |dentified an individual contribution of an
average of 8,000 novel variants



Summary cont’d

* Formulated high-resolution profiles in
coding sites with tolerance score

 |dentified association between
pathogenicity of SNVs and and TADs

» Detected dynamics in abundance of
Human Endogenous Retrovirus K113
associated with age
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