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human biology
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Low LDL cholesterol in individuals of African
descent resulting from frequent nonsense
mutations in PCSK9
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Other recent examples of protective LoF variants:
SLC30AS8 and type 2 diabetes

APOC3 and early-onset myocardial infarction
LPA and heart disease



How can we discover more
genes like PCSK97?

Improve detection of LoFs

Link homozygous LoFs (knockouts)
with clinical phenotypes



| oss-of-function variants

' Nonsense SNVs

-+ Variants that alter/tfruncate a i |
transcript/gene, possibly .TGA..
disrupting a biological process ) S

Frameshift indels
Pragmatic definition: PTVs } ICGAIGTGIA.
(protein-truncating variants) |
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Fveryone is a knockout

- Hundreds of candidate loss-of-function mutations
are found in every individual

- On average, each seguenced genome shows
heterozygous and homozygous LoF variants

MacArthur DG, et al. Science. 2012 Feb 16;335(6070):823-8.
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- Extensive filtering is required
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Four-base deletion spanning a splice site in CHIT1 is "rescued"
by intfronic sequence

Deleted allele has fully intfact splice site, and only synonymous
substitution



Fveryone is a knockout

- Hundreds of candidate loss-of-function mutations
are found in every individual

- On average, each individual harbors ~100, ~20 in
the homozygous state

MacArthur DG, et al. Science. 2012 Feb 16;335(6070):823-8.



LOFTEE

Validation

Loss-of-function Transcript Allele frequencies

Effect Estimator |

Filters common error modes/

annotation errors Disease

OMIMR HGMD

 Transcript-centric Lok

characterization (VEP plugin) Cunctional data

lh L “ Al

https://qithub.com/konradijk/loftee



https://github.com/konradjk/loftee

| OF TEE Validation

- LOFTEE filters a higher proportion of common variants
and a lower proportion of disease-causing variants
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How can we discover more
genes like PCSK97?

Improve detection of LoFs

+ Link homozygous LoFs (knockouts)
with clinical phenotypes



Exome Aggregation Consortium
(ExAC)

Consortia Samples

T2D (T2D-GENES, GoT2D, SIGMA) 16,167 |

Heart disease (Ottawa, ATVB, MiGen, PROMIS) 14,352 All data
SCZ/Bipolar (multiple consortia) 12,361 reprocessed
The Cancer Genome Atlas (TCGA) 8,566 WlTQiCBa\:\;A/
Autism (multiple consortia) 8,126

NHLBI-GO Exome Sequencing Project (ESP) — Joint calling
1000 Genomes Project across all
Inflammatory Bowel Disease samples with
UK10K (autism/schizophrenia) 1,348 GATK 3
Northern Finnish Birth Cohort Hagkl)lwpe
Other (Mendelian, cancer) e

Total 91,796

Subset of 60,706 "reference” samples



INncrease in size and diversity
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Public data release

All variants and population
frequencies are publicly available:

exac.broadinstitute.org

Data also available as raw sites VCF
download

Analyze and publish freely for
individual variants



The EXAC browser

(Coverage shown for canonical transcript: ENST00000302118)

Display: I Include UTRs in plot IR G Average  Individuals over X

Metric:| mean 3|
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Export table to CSV
Variant ¢ Chromosome =~ Position =« Protein Consequence ¢ Filter ¢ Annotation ¢ Allele Count ¢ Allele Number ~ Allele Frequency @
1:55505477CI/T 1 55505477 PASS 5'UTR 1 32724 3.056e-05 I | | | |
1:55505485 G / A (rs28362202) 1 55505485 PASS 5'UTR 145 32058 0.004523 -_]_U
1:55505520 G / A (rs186669805) 1 55505520 p.Vaille PASS missense 7 28414 0.0002464 -_I_U_]
1:55505537C/T 1 55505537 p.Ser9Ser PASS synonymous 1 25686 3.893e-05 I | | | |

1:55505545 C / T 1 55505545  p.Pro12Leu PASS  missense 3 25754 o.0001165 [N I1]]



Catalog of protein-coding
variation

Largest ever collection
of human protein-
coding genetic variants

Over 10 million variants

One variant every 6
base pairs(!)

Most are rare and novel
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Observed

ldentifying genes with
gnificant depletion of variation

Kaitlin
Samocha
Built a mutational model that allows us to predict the

number of variants in a given functional class we should
expect to see in each gene in a given number of people
(Samocha et al. 2014 Nat Genet 46:944-950)
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LoFs are strongly depletea

+ Strong constraint against

L oFs overall

- CACNAIE

+ Expect 83 LoFs,
discover O among 63K CACNATE

- No established
ohenotype for the gene

Missense
Loss-of-function

-10 -5 0 5 10 15
Z score



L oFs in 60K exomes

ExAC recapitulates
previous esftimates

(~1T00 LoFs per
person)

Better resolution for
rare variation

100

35.06 34.7/8
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Strategies for enriching for
human knockouts
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Bottlenecked populations Consanguineous individuals
Fewer genes, more individuals More genes, fewer individuals
per gene per gene

Enables association analysis Enables global knockout screen



Finland

Unigue population history, through
multiple bottlenecks

Highly organized national registry/biobank
Already begun exome sequencing in

thousands of Finns, and array data for
tens of thousands

Early settlement

Nature Reviews | Genetics

Samuli Ripatti Mark Daly Aarno Palotie SiSu



Finland Pilot Project

Allele frequencies of Finns to Europeans LO F S N Ps a nd | ndels

1.5

1.0
|
&
ol
©

Finn to EUR ratio
O

0.5

o 83 LoFs

v

) | I 1 I T T T I “36,000 Finns Wi"'h
0 0.001 0.0035 0.01 0.025 0.05 0.2 05 73 medically relevan'l'

quantitative traits

0.0

Allele Frequencies

Lim ET, et al., "Distribution and Medical Impact of Loss-of-Function Variants
in the Finnish Founder Population!” PLoS Genet. 2014 Jul;10(7):e1004494.



Finland Pilot Project

Significant association between protective Lofs in LPA
and decreased lipid levels/cardiovascular disease

No homozygous individuals (among 36K Finns) with
nonsense variant in TSFM present despite 1.2%

frequency (p = 0O.0077)

Lim ET, et al., "Distribution and Medical Impact of Loss-of-Function Variants in
the Finnish Founder Population! PLoS Genet. 2014 Jul;10(7):e1004494.



Scaling up

Now have 5048 Finnish exomes
508 genes with homozygous LoF

Imputing into 50K Finns with electronic health
record and quantitative frait data

Antti-Pekka Sarin Mitja Kurki
Samuli Ripatti Aarno Palotie Mark Daly



British Autozygosity Population
Gene Function Study

Planned exome sequencing of over 25,000 individuals
with high-parental relatedness from primarily Pakistani
and Bangladeshi individuals

- Pilot: 2,625 individuals (healthy adults)
- 6/8 genes with homozygous LoF (knockouts)

- Recallable based on genotype for deeper phenotyping

Vagheesh Narasimhan David van Heel Funded by
Richard Durbin Richard Trembath Wellcome Trust



Number of genes

Discovering knockout genes
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Number of genes

Discovering knockout genes
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Next steps

LOFTEE Improvements

Implement additional LoF mechanisms/error modes
Scale up analyses of Finland/Consanguineous
+ Associate homozygous LofFs with clinical phenotypes

+ Aggregate variants info dblLoF
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