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Increasing number IncRNAs with every new GENCODE
version
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>90% of disease-associated mutation occur in non-coding genome

Genome-wide association

Disease Trait
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GWAS loci express IncRNAs
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Xist Is modular and conserved In evolution
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Revisiting a previous study
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Research problem

e Increasing number of INcCRNAs but no systematic approach for functional
annotation

e Hypothesis: Comparative sequence analysis to identify, classify and map
functional RNA structures

e Objective: Provide a rational framework for deciphering the structure functions
of IncRNAs

. Results and
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Previous study used fixed window length
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Added noise if window is too large

Window Window
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RNALalifold: Dynamic window approach

. Results and
Introduction .
Analysis
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SISSIz: Detection of functional RNA structures

Frequency

6
Native score E
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This project

Deeper alignments: Dynamic window:

e 46 mammals instead of 35 e RNALalifold instead of RNAalifold
Greater variability e Locally more stable regions of
Likely to increase the specificity at interest
the expense of loosing some e Likely to increase sensitivity
sensitivity

e Harder to get a consensus
structure

. Results and
Introduction .
Analysis
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Analytic pipeline

alignment sequence
n mammals,

an-Ortheus

Remove blocks wi

Max distance between bp

ECS finder on GitHub

RNALalifold 300 nuc, no Ip
Cons-stru.eps aln.eps clustal.aln
SISSIz Z score <-3

Introduction

Results and
Analysis

coordinates.bed

13



Detection of evolutionarily conserved RNA secondary
structures (ECS)

e b e 89% of the human genome sampled
s e > 2 million evolutionarily conserved structures
2 e 6% genome is conserved at the secondary
structure level

) e Process completed in over 48,700 CPU hours

1 23456 7 8 91011121314151617 1819 20 21 22
CHROMOSOME NUMBER

~
= Length of Chrmosome Total genomic coverage (~ 6 yea rS )
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Revisited approach generated fewer predictions

e 60% of the hits had been identified in our 2013 study
e Revisited approach generated fewer predictions but likely to be more
accurate

Introduction Expelncnia
Approach
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ECS are enriched in various functional motifs
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ECS are enriched in various transposable elements

Repeat Family
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|dentified 23 pathogenic-associated SNPs that have riboSNitch potential

Wildtype Mutant

Introduction EXpenpenial
Approach
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Do these structures occur elsewhere in the genome ?

coordinates.bed

Introduction

v
High confidence subset\
>25 species
<10% gaps
MPI between 60-95%
<-3.5 Z-score
< -10 kcal/mol MFE

< -10 pseudo energy

v

seconaary structure

v

Covariance models:
Probabilistic models
combining sequence
alignment and structure

topology
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|dentified 809,432 homologs from a subset of 23,818 ECS
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Homology map from a non-repeat ECS model
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Take home message

e ECSs are enriched in single nucleotide variants associated with various
diseases and overlap over a thousand different splice sites associated with

pathogenic diseases
e Some ECS have hundreds of homologs containing repetitive elements
e We can generate a network map of conserved structures and their homologs

throughout the human genome

Introduction Experimental Results and
Approach Analvsi
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