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Biological experiment - CLASH
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Biological experiment - CLASH
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miRNA
AACTGGCCCTCAAAGTCCCG
ATCAGGGCTTGTGGAATGGG
TGGGGAGCTGAGGCTCTGGG
GTGAGGGCATGCAGGCCTGG
ATGCACCTGGGCAAGGATTC
TGCACGGCACTGGGGACACG
AACTGGCCCTCAAAGTCCCG
TGGGTTCCTGGCATGCTGAT
TCAGTGCATCACAGAACTTT
CTGGCCCTCTCTGCCCTTCC
TGAGGTAGTAGGTTGTATAG
TAAAGTGCTTATAGTGCAGG
TGAGAACTGAATTCCATGGG
TGAGGTAGTAGGTTGTATAG
CTGTACAGGCCACTGCCTTG
GTCCCTCTCCAAATGTGTCT
TTAGGGCCCTGGCTCCATCT
TAGGTAGTTTCATGTTGTTG
TAAAGAGCCCTGTGGAGACA
GTGGGTACGGCCCAGTGGGG

gene
TGGAGAGCGGGCTTAAGAAGTGGCGGTTCGGCCGGAGGTTCCATCGTATC
CTCGCTGGCGTTCTCCGGGGTGGTTGGCATTGTGTCCTGGAAGCGGCCAT
CTACACCTCAGCCCCGGGCTGCACTGCCACCCTGGGCAACTTCGCCAAGG
GTAAGGAGCTGGAGTCGCTGGTAGAGAACGCAGGGCAGTGAGGTGCTGGCG
GCATATGGGGGCCTTAAGCAATAACAGTGTGCGTGGTGGTGTGCAGGAGA
TCAGGGTTTCTTGGGGGCTTATGAGTCTCACCGGTCAACCCAGGAGGCCT
ACCTCTTAATGGGCCAGTGAATAACACTCACTGCTGGCATTTAATGTGCA
CACCTGCTGCCCCTTCTACCCCAGCTCCACCACCTGCAGTCCCTAAAGAA
ACCCGCACAGCAAGCACCTGTACACGGCCCACATGTTCACGCACGGGATC
CTGATTGTGGCAGAGGGGCCACTACCCAAGGTCTAGCTAGGCCCAAGACC
ATGACCCAACCTACCACCCTGTTTTTACATATCCAATTCCAGTAACTCTC
CAAAAGCATACCTACCTTCCCCTAGAGGTCTGTAACATTGTGGCTGGGCA
CCTGGGACCCCCAGGCGTGGAGGACAGTCAAGCCGTGGAGGCCGTGGAGG
CCCAACCTCAACCTCAACCTCCCAGCACCACACATCATGCCAGGGGTTGG
GAAGGTAAAGAGGGTCATTGGGGTCGAGCTATGCCCACAGGCTGTGGAGG
GCTGGCCAGCGGACTTCTGGAGTTAGCCTTTGCTTTTGGAGGACTGTGTG
ACACAGGAAGAGGAGCCAGGCCCTTGTACCTATGGGATTGGACAGGACTG
TCCGCCCTCTTTTGCCAGCCCAGCCCCTCCATGCACATTTGGACGCTGTC
TCCTGAGGCCTGGGGCACCTTTCGTCTGATGAGCCTCTGCATGGAGAGAG
CATCTTGTCCTCACAGCCCAGAGCATGTTCCAGATCCCAGAGTTTGAGCC

Helwak et al., 2013 CLASH dataset - 30 785 miRNA:target site pairs
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mMiRBind model

miRNA Agol 1:1 test set

. genes
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miRBind: A Deep Learning Method for miRNA

Binding Classification
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Precision-recall curves
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Interpreting Neural Networks
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Interpreting Neural Networks
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Interpreting Neural Networks
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TACGTCAGTTCATGAAGCT AGTTCTAGTTCGTCCGTCAGTGTCAG
A x TTCATGAGCACCAGTCACGTTCGTCTA
(driver ~20nt) (target ~50nt)

— qriver




mMiRBIind model - interpretation

miRNA:
TGAGGTAGTAGGTTGTATAG

Binding site:
ATGTCAACCTACCTACTTCTAAGCA
CAGGGTATGAAGCTCTCTTTCCACT

EPCEITEC
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MiRBIind model - interpretation

miRNA:
TGAGGTAGTAGGTTGTATAG

Binding site:
ATGTCAACCTACCTACTTCTAAGCA
CAGGGTATGAAGCTCTCTTTCCACT
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Visualization

MiRNA: TGAGGTAGTAGGTTGTATAG

Binding site: ATGTCAACCTACCTACTTCTAAGCACAGGGTATGAAGCTCTCTTTCCACT
Predicted alignment:

CATCCATCCAAC

GTA-GTAGGTTG

EPCEITEC 13



Visualization

MiRNA: TGAGGTAGTAGGTTGTATAG

Binding site: ATGTCAACCTACCTACTTCTAAGCACAGGGTATGAAGCTCTCTTTCCACT
Predicted alignment:

CATCCATCCAAC

GTA-GTAGGTTG

mMiRNA position importance:
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Visualization

MiRNA: TGAGGTAGTAGGTTGTATAG

Binding site: ATGTCAACCTACCTACTTCTAAGCACAGGGTATGAAGCTCTCTTTCCACT

Predicted alignment:

mMiRNA position importance:
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Classes of interaction
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Classes of interaction
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Mutagenesis experiment

Open access, freely available online PLOS BIOLOGY

B

Principles of MicroRNA-Target Recognition

Julius Brennecke®, Alexander Stark®, Robert B. Russell, Stephen M. Cohen”

European Molecular Biology Laboratory, Heidelberg, Germany

MicroRNAs (miRNAs) are short non-coding RNAs that regulate gene expression in plants and animals. Although their
biological importance has become clear, how they recognize and regulate target genes remains less well understood.
Here, we sy ically eval the minimal requi ts for functional miRNA-target duplexes in vivo and
distinguish classes of target sites with different functional properties. Target sites can be grouped into two broad
categories. 5" dominant sites have sufficient complementarity to the miRNA 5’ end to function with little or no support
from pairing to the miRNA 3’ end. Indeed, sites with 3’ pairing below the random noise level are functional given a
strong 5’ end. In c , 3' comp tory sites have insufficient 5’ pairing and require strong 3’ pairing for function.
We present ples and g ical support to show that both classes of sites are used in biologically
relevant genes. We provide evidence that an average miRNA has approximately 100 target sites, indicating that

miRNAs regulate a large fraction of protein-coding genes and that miRNA 3’ ends are key determinants of target
specificity within miRNA families.

wide

Citation: Brennecke J, Stark A, Russell RB, Cohen SM (2005) Principles of microRNA-target recognition. PLoS Biol 3(3): e85.
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Mutagenesis experiment
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European Molecular Biology Laboratory, Heidelberg, Germany

MicroRNAs (miRNAs) are short non-coding RNAs that regulate gene expression in plants and animals. Although their
biological importance has become clear, how they recogmze and regulate target genes remains less well understood.
Here, we sy ically eval the mi I req ts for functional miRNA-target duplexes in vivo and
distinguish classes of target sites with different functional properties. Target sites can be grouped into two broad
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Verification
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Scanning

ucagcaudgcuacgacguc  miRNA, ~20nt long

N

auggacacgcggggcgcgaucgugucacguagcuacagucaugcaugucguagcuagcacucgucgucgagcuacgugggagacugcgaaaaaaaccacaauucgac. ..

Messenger RNA, 100s — 100,000s nt long




Scanning

a

ucagcaudg

N

Uacgacguc

miRNA, ~20nt long

uggacacgcggggcgcgaucgugucacguagcuacagucaugcaugucguagcuagcacucgucgucgagcuacgugggagacugcgaaaaaaaccacaauucgac. ..

ST —

0.84

Messenger RNA, 100s — 100,000s nt long




Scanning

ucagcaudgcuacgacguc  miRNA, ~20nt long

N

auggadacgcggggcgcgaucgugucacghagcuacagucaugcaugucguagcuagcacucgucgucgagcuacgugggagacugcgaaaaaaaccacaauucgac. ..

l Messenger RNA, 100s — 100,000s nt long

e A
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Scanning

ucagcaudgcuacgacguc  miRNA, ~20nt long

N

auggacacgcggdggcgcgaucgugucacguagcuafagucaugcaugucguagcuagcacucgucgucgagcuacgugggagacugcgaaaaaaaccacaauucgac. ..

l Messenger RNA, 100s — 100,000s nt long




Scanning

ucagcaudgcuacgacguc  miRNA, ~20nt long

N

auggacacgcggggcgcgaucgugucacguagcuacagucaugcaugucguagcuagcacucgucgucgagcuacgugggagacugcgaaaaaaaccacaauucgac. ..

Messenger RNA, 100s — 100,000s nt long




Narrowing the peaks

—— model score
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Narrowing the peaks

—— model score
- attribution score
=== ground truth
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Close by peaks

P CEITEC
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Future plans

ucagcauagctacgacguc  miRNA, ~20nt long

KT

auggacacgcggggcgcgaucgugucacguagcuacagucaugcaugucguagcuagcacucgucgucgagcuacgugggagacugcgaaaaaaaccacaauucgac. ..

Messenger RNA, 100s — 100,000s nt long

??

EITEC Output: “strength of interaction”
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