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Overview

Motivation:
m Detection of aberrant splicing events is relevant e.g. for identifying potential causes of rare disorders,
but can also be interesting in common diseases such as cancer
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Detection of aberrant splicing events

. .« .« . We considered the observations that significantly deviate from their expected value as outliers

Y (Percent Spllced-ln): 0 (Spllcmg EfflClency): and computed two-sided beta-binomial p-values for each observation. P-values from introns with
the same donor (or acceptor) are corrected using Holm’s method. Additionally, we controlled the
p-values of all introns per sample using Benjamini-Yekutieli’s method.

a-b: example of a junction with no outlier

c-d: example of a junction with one outlier

Intron-centric splicing metrics y__and 6,

Ys(D,A) = s "(’z';’;) Zam®@A) o e: Q-Q plot of all junctions on the Kremer dataset
n Al
Al n(D) + % 4, n(D,Ar) a ., b 4 e 601
_ n(bA) R T s
¥s(h,4) = Ypim(DrA) 2 (D1 A) : =8 - g o
n(A) + Ep,n(Dr,A) S g .« ¥
o CE i % e s -
Advantage of v, and 6, . g8 = e . o0 K
< | 40 oo ®
=> quantifiable from RNA seq data without prior exon annotations = R 7
" o o
Pervouchine et al, Bioinformatics, 2013 o = i : : : g &
phsT g oomnar) &
® ® = Q l
Statistical model of FRASER c - d e | 8 ]
. . . . A% 1004 E 7.5 N
The metrics Y, Y, , and 6 are count proportions. We model the distribution of the numerator <38 s
conditioned on the value of the denominator using the beta-binomial distribution with an = . g 501
intron-specific intra-class correlation parameter P; and a sample- and intron-specific 58 5
S 304 |
proportion expectation u a e = )
, ‘ BATeh 100 | 300 500 0 1 2 : : : : T
P(ki;) = BB(kyj|ng, . pj), i — ""a'r:f'"l'f.a'.'.m'n;',n'rrr'."1"1.'a'u.'m: TR R— Al split reads (T ~logso (expected P) ~logo (expected P)
The proportion expectation p; is jointly s . . .
modeled using a latent space that | Appllcatlon to a rare disease cohort
captures covariations between samples: .
ox | i Application of FRASER to the
i ' - O-(y ) p(yl]) B GE»::;:E a % 1x MCOLNT
U2~ 15 exp(yy)’ e Kremer dataset: 2 g
5 m a:number of aberrant splicing 23 ) 650
y; = h,W, + b, B events per sample fory, vy, 6, g_:i
DTH?HRDY at FDR < O.l and Al/} >= 0.3. g 2%x TIMMDCH1
bic Skin samples Heart Left Ventricle samples Whole Blood samples i ° % i X 1509
h, = %,W,, d S m c-g: aberrant alternative donor S il
- usage in the gene TAZ for Sample rank fremeretal RO
The input vector X. is given by the , P 1 individual 74116: A y_=-0.88 17 . .
centered and logit-transformed QI]II L h!] =Iih I!Wllh I “I “'b“l !I !] I s and FDR=1.98 x 107°: 215; L : e
. A < ' “j......a..-n.n M A
pseudo-count ratios: l!”!“!““ > Newly created donor site B :
*€§*§§8@_\§Q§ @(Q Q% o o «Q?ﬁg ego N‘QQ%Q%/\QG % %\ QQKcQ\ & »c? ek *Q ?;';%“f; %w/\/\v\\\fq 55 . . th S ~ 2:3: §°8 ¢ =
s . Y«g& . e S located 22 bp inside the 4 | ;_ g g
Xi) =Xy =X A e e AR lted | l T S e m
& %{é}\(\$\§,\@ e & @0&?@ %\k\v exon resutte IN Near y e ' ‘ pt\” splitgeads ([;j) E 3;:
GTEx lssue complete loss of the i ]
= logit (’; :z) ~> Hierarchical clustering of intron-centered logit-transformed v, canonical donor site usage of « m ;;;
’ values revealed distinct sample clusters for all GTEx tissues. the 4™ exon ; g
it e > Controlling for the latent space reduced the between-sample > Ablation of 8 amino acids of : - 2 o
s L . ) . 25 RefSeq WW
1-a; correlation from 0.10 +/- 0.05 down to 0.02 +/- 0.01 (mean +/- the protein encoded by TAZ, | ] . .
standard deviation across tissues). Tafazzin (catalyzes e Rk ol ool

maturation of cardiolipin, a
major lipid constituent of the > rare homozygous synonymous variant (c.348C>T)

Benchmark: precision-recall and enrichment inner mitochondrial creates the new upstream donor site by introducing

. . . . , membrane) a GT dinucleotide.
Precision and recall of artificially injected Enrichment using FRASER against

outliers on the not sun exposed skin samples enrichment using the method from Kremer
from GTEXx for three methods: 1) FRASER, et al.” for rare variants located in the splice
2) PCA + z-scores and 3) beta-binomial P values region and for rare variants predicted to
without control for confounders affect splicing by MMSplice’ for all GTEx*

tissues: a — e FRASER is implemented as an R/Bioconductor package

Available at: https://bioconductor.org/packages/FRASER
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A preprint of the paper is available on bioRxiv: https://doi.org/10.1101/2019.12.18.866830
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Together with OUTRIDER* (a method for detecting gene expression outliers),
FRASER is part of the computational workflow DROP> available at:
https://github.com/gagneurlab/drop.git
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