










































5’

3’

miRNA gene or intron

TranscriptionRNA Pol II / III

Cleavage

pri-miRNA

5’

3’

5’

3’

Drosha DGCR8

Nucleus Cytoplasm

XPO-5 Ran

GTP

Nuclear export

pre-miRNA

pre-miRNA

CleavageDicer TRBP

5’

3’ miRNA duplex

3’

5’ 3’ passenger strand 5’

Degradation

3’5’

mature miRNA

mRNA target cleavagetranslational repression mRNA deadenylation

RISC formationAgo





5’

3’

miRNA gene

TranscriptionPol II

Cleavage

pri-miRNA

5’

3’

DCL1 HYL1

Nucleus

Cytoplasm

pre-miRNA

5’

3’

3’

5’

3’5’

mRNA degradationtranslational repression

RISC formationAgo1

GTP

miRNA / miRNA*
duplex

2’-O-methylated
miRNA / miRNA*

duplex

HEN1 methylation

5’

3’

3’

5’

HST nuclear export

AGO1
RISC complex

DCL1 HYL1

GTP

Processing













LIN-28/
LIN-28B

pre-let-7

a

b

TUT4 exoRNase

LIN-28/
LIN-28B

pre-miRNA
degradation

UUUUUU+

LIN-28/
LIN-28B

Sequence motif-dependent
stabilisation/destabilisation

NNNN

+A

+U

CH3 3’-end 2’-O-methylation and stabilisationHEN1

3’ -end uridylation and destabilisation
or stabilisation

TUT4 (other non canonical
PAPs or PUPs)

3’-end adenylation and stabilisationGLD-2 (other PAPs)











a b

c

d

https://www.ebi.ac.uk/training/online/course/ebi-next-generation-sequencing-practical-course/what-next-generation-dna-sequencing/illumina-














Machine learning 
algorithm

labels
Training Data

new Data Predictive Model Predictions





Input layer

Hidden layers

Output layer

a. b.

Artificial Neural Network
Deep Artificial Neural Network





http://blog.citizennet.com/blog/2012/11/10/random-forests-ensembles-and-performance-metrics












http://wwwdev.ebi.ac.uk/enright-dev/chimira


3’ adapter 
trimming ( reaper )Is it tallied?

align against miRBase hairpins 
of selected input species 

(blastn)

Sequence 
de-duplication 

( tally )

No Yes

blast output filtering:
discard anti-sense hits

Generate data for ‘stacked barplot’ 
visualisation of the overall and per file 

modification profiles.

Output.
- Plain counts (per file & overall, raw / DESeq2-normalised)

- Modification counts table (modification type, pattern, position, depth)
- Barplots (D3.js) with read depth per file and expression depth of most highly expressed miRNAs

- Stacked barplots (D3.js) with modification profiles across all samples and per sample
- QC plots (nucleotide composition, length distribution, samples clustering)

- Differential expression visualisation between groups of samples 
via interactive tool provided in results page

- Extraction of modification profile for individual miRNAs
via interactive tool provided in results page

Input.
Small RNA-Seq files

- Accepted formats: FASTA or FASTQ files, zipped in gzip format ('.gz' extension)
- Max. number of files: 25
- Max. size per file: 1.5 GB 

Select parameters:
- Input species 

- Split counts from paralogs ( y / n )
- E-mail to report results

- 3’ adapter (for Clean & Run)

Run Mode

Run:
for adapter-trimmed 

files

Clean & Run:
for raw files 

(non adapter-trimmed)

Other tools:
for 3’ adapter inference

Detect adapter 
candidates from input 

file (minion)

Align against list of known 
adapters (swan)

(for each input file):
select adapter candidate with 

highest alignment score 
against the list of known 

adapters

Identify modifications from each aligned sequence, 
based on a pre-built database with all canonical 

alignments of mature miRNAs against miRBase hairpins.

Generate basic QC plots (for each file):
- Read lengths distribution after trimming
- Nucleotide distribution at each position

- GC content ratios at each position
- Clustering heatmaps (samples vs samples & miRNAs vs samples)

Normalise counts (DESeq2) 
across samples, get aggregate 

template (plain) counts

Output:
- Table with inferred adapter 
and its confidence score for 

each file
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miRNA: hsa-mir-423-5p 
Total depth: 11554279 
Sample hits: 288

AUAAAGGAAGUUAGGCUGAGGGGCAGAGAGCGAGACUUUUCUAUUUUCCAAAAGCUCGGUCUGAGGCCCCUCAGUCUUGCUUCCUAACCCGCGC

miRNA: hsa-let-7f-5p 
Total depth: 99124429 
Sample hits: 307 

UCAGAGUGAGGUAGUAGAUUGUAUAGUUGUGGGGUAGUGAUUUUACCCUGUUCAGGAGAUAACUAUACAAUCUAUUGCCUUCCCUGA

miRNA: hsa-mir-21-5p 
Total depth: 91015501 
Sample hits: 308 

UGUCGGGUAGCUUAUCAGACUGAUGUUGACUGUUGAAUCUCAUGGCAACACCAGUCGAUGGGCUGUCUGACA

miRNA: hsa-mir-92a-3p 
Total depth: 29585834 
Sample hits: 296 

CUUUCUACACAGGUUGGGAUCGGUUGCAAUGCUGUGUUUCUGUAUGGUAUUGCACUUGUCCCGGCCUGUUGAGUUUGG

miRNA: hsa-mir-30a-5p 
Total depth: 26496203 
Sample hits: 288 

GCGACUGUAAACAUCCUCGACUGGAAGCUGUGAAGCCACAGAUGGGCUUUCAGUCGGAUGUUUGCAGCUGC

miRNA: mmu-let-7f-5p 
Total depth: 24287183 
Sample hits: 105 

AUCAGAGUGAGGUAGUAGAUUGUAUAGUUGUGGGGUAGUGAUUUUACCCUGUUUAGGAGAUAACUAUACAAUCUAUUGCCUUCCCUGAG

miRNA: mmu-mir-22-3p 
Total depth: 15332486 
Sample hits: 103

ACCUGGCUGAGCCGCAGUAGUUCUUCAGUGGCAAGCUUUAUGUCCUGACCCAGCUAAAGCUGCCAGUUGAAGAACUGUUGCCCUCUGCCCCUGGC

miRNA: mmu-mir-29a-3p 
Total depth: 6337838 
Sample hits: 105 

ACCCCUUAGAGGAUGACUGAUUUCUUUUGGUGUUCAGAGUCAAUAGAAUUUUCUAGCACCAUCUGAAAUCGGUUAUAAUGAUUGGGGA

miRNA: mmu-mir-92a-3p 
 Total depth: 3507336 

Sample hits: 86 

 

CUUUCUACACAGGUUGGGAUUUGUCGCAAUGCUGUGUUUCUCUGUAUGGUAUUGCACUUGUCCCGGCCUGUUGAGUUUGG

miRNA: mmu-mir-16-5p 
Total depth: 2126403 
Sample hits: 96 

AUGUCAGCGGUGCCUUAGCAGCACGUAAAUAUUGGCGUUAAGAUUCUGAAAUUACCUCCAGUAUUGACUGUGCUGCUGAAGUAAGGUUGGCAA

Templated sequences

MismatchesHomo Sapiens Mus Musculus

a. b.

Canonical miRNAs (control)



miRNA: hsa-mir-30d-5p 
Total depth: 18265742 
Sample hits: 291 

GUUGUUGUAAAC AUCCCC GACUGGAAGCUGUAAGACACAGCUAAGCUUUCAGUCAGAUGUUUGCUGCUAC

Revised consensus sequence: UGUAAACAUCCCCGACUGGAAGCU

miRNA: hsa-mir-25-5p 
Total depth: 150589 
Sample hits: 195 

GGCCAGUGUUGAGAGGCGGAGACUUGGGCAAUUGCUGGACGCUGCCCUGGGCAUUGCACUUGUCUCGGUCUGACAGUGCCGGCC

Revised consensus sequence: AGGCGGAGACUUGGGCAAUUGCU

miRNA: hsa-mir-92b-5p 
Total depth: 38719 
Sample hits: 138

CGGGCCCCGGGCGGGCGGGAGGGACGGGACGCGGUGCAGUGUUGUUUUUUCCCCCGCCAAUAUUGCACUCGUCCCGGCCUCCGGCCCCCCCGGCCC

Revised consensus sequence: AGGGACGGGACGCGGUGCAGUGUU

Longer isoforms

a.

miRNA: hsa-mir-339-3p 
Total depth: 247282 
Sample hits: 246 

CGGGGCGGCCGCUCUCCCUGUCCUCCAGGAGCUCACGUGUGCCUGCCUGUGAGCGCCUCGACGACAGAGCCGGCGCCUGCCCCAGUGUCUGCGC

Revised consensus sequence: UGAGCGCCUCGACGACAGAGCCG (1nt shorter)

miRNA: hsa-mir-320a 
Total depth: 2517156 
Sample hits: 33

GCUUCGCUCCCCUCCGCCUUCUCUUCCCGGUUCUUCCCGGAGUCGGGA A AAGCUGGGUUGAGAGGGCGAAAAAGGAUGAGGU

(shifted)

Revised consensus sequence: AAAAGCUGGGUUGAGAGGGCGAA   (1nt shifted)

miRNA: hsa-mir-503-5p 
Total depth: 40967 
Sample hits: 29 

UGCCCUAGCAGCGGGAACAGUUCUGCAGUGAGCGAUCGGUGCUCUGGGGUAUUGUUUCCGCUGCCAGGGUA

Revised consensus sequence: UAGCAGCGGGAACAGUUCUGCAG (4nt shorter)

Revised consensus sequence: UCAGUGCAUGACAGAACUUGG (4nt shorter)

miRNA: hsa-mir-152-3p 
Total depth: 265234 
Sample hits: 33 

UGUCCCCCCCGGCCCAGGUUCUGUGAUACACUCCGACUCGGGCUCUGGAGCAGUCAGUGCAUGACAGAAC UUGGGCCCGGAAGGACC

Shifted / Shorter isoforms

b.



Average Isoform Length Di erences
normalised by overall depth 

all miRNAs
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http://wwwdev.ebi.ac.uk/enright-dev/mirnovo
https://github.com/dvitsios/mirnovo


0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Coverage ratio

A GU C N ga
ps

5’
3’

“m
ai

n 
bo

dy
”

}

ga
ps

 b
ef

or
e

m
ai

n 
bo

dy

}

ga
ps

 a
fte

r
m

ai
n 

bo
dy

av
er

ag
e 

AU
 c

on
te

nt
af

te
r 3

’

av
er

ag
e 

G
C 

co
nt

en
t

in
 m

ai
n 

bo
dy

to
ta

l r
ea

d 
de

pt
h

m
ism

at
ch

es
in

 se
ed

 re
gi

on

av
er

ag
e 

se
qu

en
ce

 le
ng

th

m
ism

at
ch

es
in

 m
ai

n 
bo

dy

1
3

4
5

6
7

8 12

9

10

sc
al

in
g 

ra
te

af
te

r 3
’

sc
al

in
g 

ra
te

be
fo

re
 5

’

m
ai

n 
bo

dy
 le

ng
th

2

al
ig

nm
en

t i
de

nt
ity

 
vs

. r
ev

er
se

 c
om

pl
em

en
t

11





3’ adapter 
trimming ( reaper )

Is it tallied?

Sequence 
clustering based on 
similarity  ( vsearch )

Is it adapter 
cleaned? No

Yes

Sequence 
de-duplication 

( tally )

NoYes

Cluster filtering:
retain clusters with a min. number of depth & variants

( min-read-depth, min-variants parameters )

Assess temporary consensus sequence
 for each cluster

Align against Rfam: 
filter out tRNA & rRNA hits

( to be processed independently )

Clusters refinement:
merge clusters with similar 

consensus sequences ( cd-hit )

Multiple-Sequence 
Alginment

within each cluster 
( muscle )

Are there miRBase 
annotated miRNAs 

for this species?

Calculate coverage and 
sequence complexity 

features for each cluster

Map against miRBase:
identify known miRNAsYes

No

Is the reference 
genome available?

Compile full feature table

Align against genome:
extract genomic features

( bowtie2 )
Yes

No

Feature based 
classification

Use all features
Use only genomic 

features
(e.g. single-cell data)

Use only coverage and 
sequence complexity 

features

Predict with
 default classifier

Predict with 
genomic only 

based classifier

Predict with 
biogenesis only 
based classifier

Identify known &
predict novel miRNAs

Output:
- FASTA / BED files with identified / predicted hairpins and 

mature miRNAs
- Coverage profiles

-Hairpin secondary structures
- tRNA and/or rRNA hits

- Post-Prediction QC plots
- Interactive tables with results

- Results compiled in downloadable pdf files

Input:
Bulk / single-cell

small RNA-Seq sample

Select parameters:
- Input species (Not Available supported)

- Training model
- Tally threshold

- Length filter
- min-read-depth, min-variants, vsearch-id

- Feature types selected for prediction
- E-mail to report results
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chimira
Chimira allows you to upload compressed FASTA/FASTQ files containing adapter/barcode stripped or raw small RNA-

Seq data.

All sequences will be mapped against miRBase hairpin sequences and assigned a match (allowing up to two

mismatches).

Any modifications (3', 5', internal) in the input sequences will be identified.

You can upload your FASTA/FASTQ files by dragging them here, or clicking on the upload button.

Run  Clean & Run  Other tools

Identify miRNA counts & modifications from adapter/barcode trimmed data.

Options

1. Select species:   Homo sapiens (hsa)

2. Split counts from paralogs:   ( ? )

3. Send results to (e-mail):  

Upload files

Advanced analysis  mirnovo extension
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