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Central Dogma of Molecular Biology
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Biological experiment - CLASH
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Biological experiment - CLASH - positive and negative 
samples creation

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



TACGTCAGTTCATGAAGCT
A

(driver ~20nt)

AGTTCTAGTTCGTCCGTCAGTGTCAG
TTCATGAGCACCAGTCACGTTCGTCTA

(target ~50nt)
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Model interpretation - SHAP values



Model interpretation - SHAP values

?How to visualize interaction 
between sequences

GATA motif → ↓ TAL1 motif



miRBind model - interpretation

miRNA: 
TGAGGTAGTAGGTTGTATAG

Binding site: 
ATGTCAACCTACCTACTTCTAAGCA
CAGGGTATGAAGCTCTCTTTCCACT

Binding site

CNN
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Mutagenesis experiment



Verification - correlation with in vitro experiment

miRNA miR-7 miR-278

correlation 0.59 0.85



Functional MicroRNA Targeting

Simple miRNA-mRNA binding model

How will the amount of the products (proteins) of a gene change if a certain miRNA 
is introduced into the environment in larger quantities?



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

auggacacgcggggcgcgaucgugucacguagcuacagucaugcaugucguagcuagcacucgucgucgagcuacgugggagacugcgaaaaaaaccacaauucgac…

Ago

ucagcauagcuacgacguc miRNA, ~20nt long

How much less protein products will we get? 
(in comparison to a normal cell); Approximate range <0, -2>

regression

Task 
overview

Search for binding.
If binds → suppress the mRNA.
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Dataset - labels

-



Dataset - labels

f.e. hsa-let-7c-5p train:4046 test:2050
-- because removing transcripts without signal



Dataset
- inputs

Lengths of 
transcript 
sequences



State-of-the-art so far - manual feature extraction
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auggacacgcggggcgcgaucgugucacguagcuacagucaugcaugucguagcuagcacucgucgucgagcuacgugggagacugcgaaaaaaaccacaauucgac…

Ago

ucagcauagcuacgacguc miRNA, ~20nt long

Scanning - prediction only
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Messenger RNA, 100s – 100,000s nt long
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Messenger RNA, 100s – 100,000s nt long
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Scanning - prediction only
Narrowing the peaks



Scanning - including attribution score
Narrowing the peaks
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Scanning - including attribution score
Narrowing the peaks



Close by peaks



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

auggacacgcggggcgcgaucgugucacguagcuacagucaugcaugucguagcuagcacucgucgucgagcuacgugggagacugcgaaaaaaaccacaauucgac…

Ago

ucagcauagcuacgacguc miRNA, ~20nt long

Scanning - using attribution score

Math:
Score at a position = 
prediction * attribution_score



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

auggacacgcggggcgcgaucgugucacguagcuacagucaugcaugucguagcuagcacucgucgucgagcuacgugggagacugcgaaaaaaaccacaauucgac…

Ago

ucagcauagcuacgacguc miRNA, ~20nt long

0.82

regression

Scanning - 
using 
attribution 
score
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Messenger RNA, 100s – 100,000s nt long
auggacacgcggggcgcgaucgugucacguagcuacagucaugcaugucguagcuagcacucgucgucgagcuacgugggagacugcgaaaaaaaccacaauucgac…

ucagcauagcuacgacguc miRNA, ~20nt long

CNN

prediction

regression 
model



Dataset
- inputs

Lengths of 
transcript 
sequences

Sequences 
too long



Compressed 
inputs

Lengths of 
signals 
compressed

Per 
transcript

Longest:
2719



Signals preprocessing

Highly sparse → compression: (number_of_zeroes % 100) +1 

Normalization to <0.00001, 1>

0 used for padding



Signal samples (compressed)



Signal 
Values 
histogram 
over all 
samples
 
(before 
padding)



CNN + RNN + pooling State-of-the-art based on feature selection
(TargetScan)
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Messenger RNA, 100s – 100,000s nt long
auggacacgcggggcgcgaucgugucacguagcuacagucaugcaugucguagcuagcacucgucgucgagcuacgugggagacugcgaaaaaaaccacaauucgac…

ucagcauagcuacgacguc miRNA, ~20nt long

CNN

prediction

regression 
model

Summary



Advantages & Disadvantages

1. Shields from sequence and 
overfitting on simple patterns like 
seed binding

2. Generalizes across miRNAs

1. First model is not perfect which 
leads to accumulation of mistakes to 
the second model

2. Cannot propagate error through 
second model to the first model

of our two-part approach



Summary



miRNA: 
TGAGGTAGTA
GGTTGTATAG

Binding site: 
ATGTCAACCTA
CCTACTTCTAA
GCACAGGGTAT
GAAGCTCTCTT
TCCACT
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Messenger RNA, 100s – 100,000s nt long
auggacacgcggggcgcgaucgugucacguagcuacagucaugcaugucguagcuagcacucgucgucgagcuacgugggagacugcgaaaaaaaccacaauucgac…

ucagcauagcuacgacguc miRNA, ~20nt long

CNN

prediction

regression 
model

Summary



Future work
1. Include other features

a. Genomic conservation - score / multiple sequence alignment / tree
b. RNA Binding Proteins - binding sites
c. Sequence?
d. …
e. Ablation studies

2. If two-part approach does not work
a. Simplify regression to classification task?
b. Skip the two-part approach and go with sequence? (in progress)

i. HyenaDNA - pretrained single nucleotide resolution transformer for long 
sequences
1. Use for embeddings
2. Use full with regression head



Sources

SHAP https://github.com/shap/shap

Determinants of Functional MicroRNA Targeting 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9880601/

miRBind: A Deep Learning Method for miRNA Binding Classification 
https://www.mdpi.com/2073-4425/13/12/2323

Using Attribution Sequence Alignment to Interpret Deep Learning Models for 
miRNA Binding Site Prediction https://www.mdpi.com/2079-7737/12/3/369

https://github.com/shap/shap
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9880601/
https://www.mdpi.com/2073-4425/13/12/2323
https://www.mdpi.com/2079-7737/12/3/369
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Thank you for your Attention!


