Discovering microRNAs from deep sequencing data
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* small non coding RNA (18-24 bp)

* post transcriptional regulation
— Inhibition

— destabilization
- cleave

* miRBase (Release 21: June 2014)

— 28645 hairpin precursor

> 35828 miRNA in 223 species
> 2813 mIRNAIn hg38
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e traditional detection

- Sanger
- low expressed miRNA

 genomic DNA
- sensitivity & FP



* NGS

 Compare sequenced miRNA with precursor
processing
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Deep sequencing reads Optional:
mapped to the genome genome annotation

a Sequencing reads
iRNA Mature
pr:gcursor I'TIIRNA LOO‘P
> )~ :')D
Star sequence
Dicer cleavage Deep sequencing

Non-miRNA products

local hairpin \
> ) —>
MNon-Dicer processing Deep sequencing
or degradation




Scoring (log-odds) of candidate mIRNA
MIRNA precursor vs. background hairpin

P ( pre|data)
P(bgr|data)
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Pla]pre ¢ el )« P{sglpe P str el pre)

P(pre|data )= Plda]

* abs = min. free energy

*rel = stable or unstable

*SIg = mapped reads

* Star = presence of star sequence



miRNA recovered
reported miRNA in dataset

Sensitivity =

* FPR : permutation of structure & signature pairings
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Caenorhabditis elegans and Homo sapiens deep sequencing datasets

Species Method #pred precs 5Sen

Homo sapiens miRDeep 284 70.55
MIReNA 266 64.42

Caenorhabditis elegans miRDeep 120 85.51
MIReNA 116 79.71

Signal to #specif in

noise
8:1
9:1
12:1
17 :1

miRBase
31
11

10
2

#new precs

All Specif
64 30
63 29
0
5

 MIReNA: finding microRNAs with high accuracy and no learning at genome scale

and from deep seguencing data

- Anthonny Mathelier and Alessandra Carbone



miRNA

1: Set of known miRNA
sequences
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—— [Extend a hit on left and

miRNA

4: A set of long sequences
including potential miRNAs

3: Putative pre-miRNAs, possibly

including miRNA candidates

on right hand sides

v

surrounding hits

Prediction of secondary structuresJ

N v

criteria |-V

Filtering of structures satisfying

Selection of best pre-miRNA/miRNA
among overlapping ones

2: Deep sequencing data

Constructlon of putatwe
pre-miRNAs from deep
sequencing data

\
Putative pre-miRNAs where
miRNA candidates are
deep sequencing reads

Filtering of precursors
satisfying Dicer
processing conditions

A

filter filter

ElepeatMasker (Deep sequences] (EST data

filter

A

4

Selection of pre-miRNA/miRNA
pairs with the miRNA that is
most represented by reads

filter

[CDS, snRNA, scRNA, snoRNA, tRNA, rRNA

\

/

miRNA and pre-miRNA predictions




 miRDeep favours read abundant candidates
 MIReNA favours Criteria |-V candidates

 probabilistic model versus combinatorial rules
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- +

miRDeep*: An Integrated Application Tool For miRNA Identification From RMA Sequencing Data _IEI [ | miRDeep

Parameters

Adapter | TCGTATGCCGTCTTCTGCTTG | miR Length@tn@ min phred@ max multimap 101 min reads@ min scnre@

Mapping sequences

| Fastq or BAM file | fhomefvalentin/Downloads/miRDeep_star v35/dat/limitDemo.fastq

- ;

nish [ e

Result
miRMA 1D Score expr laci seguence
hsa-mir-99a 1.6 202chr21+17911411~17911489 AACCCEUAGAUCCGALCUUGUG

hsa-mir-378a 1.17 11{chr5+149112384~149112460 [ACUGGACUUGGAGUCAGAAGS
hsa-mir-103a-1 0.62 124|chr5-167987899~167987978 |AGCAGCAUUGUACAGGGCUALGA
hsa-mir-221 0.06 16[chr¥-455605599~45505677 AGCUACAUUGUCUGCUGGGEUUL
hsa-mir-103a-2 -0.33 124|chr20+3898140~3888220 AGCAGCAUUGUACAGGGCUALGA

hsa-mir-107 -0.73 45[chrl0-91352505~91352581 AGCAGCAUUGUACAGGGCUAL
hsa-let-7a-2 -4.35 27[chrll-122017229~122017307 |UGAGGUAGUAGGUUGUALAGUL
hsa-let-7c -4.45 148[chr21+17912148~17912226 UGAGGUAGUAGGUUGUALGGUL
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» simple model for mIRNA detection
» pbasis for new tools
* more sensitive than genomic based algorithms

 hard to run
e not sensitive for SNPs

> use MIReNA/mIRDeep*



Thank you for the attention!
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