Predicting tissue-specific effects
of rare genetic variants



. develop a framework to predict tissue-
specific regulatory effects of rare variants



Rare variants are abundant and
potentially high-impact

Rare variants defined with minor allele frequency < 1%

" ) . )
_,E Eynard et al. BMC Genetics 2015 Enriched for deleterious functional classes
@
B g I Kircher et al. Nature Genetics 2014
> ¢ L —
“= I Ky S S
S 3. \ LL e +-0-**+ sOGe mes P
v i l < 0.0 III **w Tt
Q - D II"’I’:‘ R }:III

9 . I:': I
E = NI T TR e e ey | *tl;;;; """""""""""""""""""""" III‘IT """"
S 5- TIllNNG - AR
Z 01 02 03 04 05

Minor Allele Frequency CADD score

Slide — Alexis Battle



Tissue-specific functionality

Overlap of functional common variants

Backenroth et al. Biorxiv 2016

* Understanding tissue-specific
consequences of noncoding
genetic variation is critical to \
understanding complex traits ..."!il
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Challenges

* Even fewer reliable labels in tissue-specific
setting

* Each individual tissue has low sample size
(RNA-seq)

e Limited samples for each rare SNV



GTEx Project Data
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Expression outliers

What are expression outliers?
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Enrichment of functional variants among outliers
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Genomic features

(1) regulatory elements

(2) variant predictor summary statistics
- Variant effect predictor
- CADD
- DANN



Genomic features

ENCODE Project Consortium. Plos Biology 2011.
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Related work on tissue-shared effects
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Learning tissue-specific effects as
individual tasks
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Learning tissue-specific effects as
individual tasks
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Expression outliers are noisier based on smaller sets of tissues



O unobserved
Graphical model @ observed

Boxes represent replicates...

M tissues
* N individual by gene
samples




Q unobserved
Graphical model @ observec
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O unobserved
Graphical model @ observed
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O unobserved
Graphical model @ observed

We want to infer / ¢ \
p(regulatory variant | data) ... N



Objective function
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Hyperparameter setting
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Optimizing the objective using EM
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Results



Allelic imbalance presents strong
evidence for regulatory variation

Strong evidence of
causal cis-
regulatory impact

Almost all rare
variants in our
cohort are
heterozygous

Genotype

RNA-seq
reads

Battle et al. Genome Research 2013

Schematic of aseQTL detection
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Zhang et al. Nature Methods 2009: “we found that the variation of allelic ratios in gene expression among
different cell lines was primarily explained by genetic variations...”

Yan et. al. Science 2002: “We estimated that this approach could confidently identify variations when the
differences between expression of the two alleles differed by more than 20%.”
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Our predictions are also confident
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Rare regulatory variant nearby GCAT
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Conclusion

We developed a framework for regulatory rare
variant prediction

We compared our predictions to measured allelic
imbalance

Presents an opportunity for researchers with WGS

and (limited) RNA-seq to reliably identify functional
rare variants
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Tissue groups with similar behavior
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Case 1: Extreme expression across
tissues

Gene expression (z-score)
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Model predictions
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Case 2: Extreme expression in brain
tissues
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Gene expression (z-score)
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p(regulatory variant | data)

Model predictions
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