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Introduction ncRNA



 Central dogma of molecular biology

• Evolution of the dogma : 1950-1970

DNA structure discovery.

DNA

One gene = one function

Replication

Translation

Transcription

RNA

Protein

Adapted from Dujon B., Toulouse, 2009



• Evolution of the dogma : 1970-1980

Genome analysis
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Adapted from Dujon B., Toulouse, 2009



• Evolution of the dogma : aujourd'hui

Genome analysis + Sequencing
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The RNA world

• An expending universe of RNA 

« Regulatory » RNAs

- miRNA (development...)
- siRNA (defense)
- piRNA (epigenetic and post-
transcriptional gene silencing
 in spermatogenesis)

- sRNA (adaptative responses 
in bacteria)

« Housekeeping » RNAs

- telomerase RNA (replication)
- snRNA (maturation-splicing)
- snoRNA, gRNA (modification, 
editing)

« Catalytic » RNAs

- Hairpin ribozyme
- Hammerhead ribozyme
- …

Non coding RNA

mRNA <Riboswitches> 

RNA

→ Multiple roles of RNA in genes regulation
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RNA background

• RNA folds on itself by base 
pairing : 

• A with U : A-U, U-A

• C with G : G-C, C-G

• Sometimes G with U : U-G, 
G-U

• Folding = Secondary structure

• Structure related to function : 
ncRNA of the same family have a 
conserved structure

• Sequence less conserved



The non coding protein RNA world

• Not predicted by gene prediction
• No specific signal (start, stop, splicing sites...)

• Multiple location (intergenic, intronic, coding, antisens)

• Variable size

• No strong sequence conservation in general

• A variety of existing approaches not always 
easy to integrate

• Known family: Homology prediction

• New family: De novo prediction



RNA background
Different elementary motifs



RNA background
Example: tRNA structure



• Large non coding protein RNA
• >300 nt

• rRNA, tRNA, Xist, H19, ...

• Genome structure & expression

• Small non coding protein RNA
• >30 nt

• snoRNA, snRNA...

• mRNA maturation, translation

• Micro non coding protein RNA
• 18-30 nt

• miRNA, hc-siRNA, ta-siRNA, nat-siRNA, piRNA...

• PTGS, TGS, Genome stability, defense...

The non coding protein RNA world
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Introduction to miRNA 
world and sRNAseq



The miRNA world

• Discovery of lin-4 in C. elegans in 1993



The miRNA world

• A key regulation function



The miRNA world
Regulatory functions

• Animals
– Developmental timing (C. elegans): lin-4, let-7

– Neuronal left/right asymetry (C. elegans): Lys-6, mir-273

– Programmed cell death/fat metabolism (D. melanogaster): mir-14

– Notch signaling (D. malanogaster): mir-7

– Brain morphogenesis (Zebrafish): mir-430

– Myogeneses and cardiogenesis: mir-1, miR-181, miR-133

– Insulin secretion: miR-375

– …

1600 precursors in Human !!! (ref: miRBase, August 2012)

• Plants
– Floral timing and leaf development: miR-156

– Organ polarity, vascular and meristen development: mir-165, miR-166

– Expression of auxin response genes: miR-160

– ...



The miRNA biogenesis

Pol II transcription 
Into a pri-miRNA



The miRNA biogenesis

Drosha processing                                        
one or more pre-miRNA
Exported in the cytoplasm



The miRNA biogenesis
Dicer processing

Into a duplex miRNA
Structure



The miRNA biogenesis

 One strand (miRNA)
Incorporated into 

RISC



The miRNA biogenesis
target mRNA 

translationally 
repressed 



The miRNA biogenesis



The miRNA biogenesis

D. Bartel, Cell, 2004



The miRNA location

→ Cluster organisation



A. E. Pasquinelli et al., Nature 408, 86-9 (2000)

miRNA conservation



A. E. Pasquinelli et al., Nature 408, 86-9 (2000)

miRNA: plants versus animal

Initial miRNA Animal 
miRNA

Plant miRNA



How can we study miRNA ?

• RNAseq not suited for miRNA (protocol and size)

• small RNAseq: ability of high throughput sequencing to

• Interrogate known and new small RNAs

• Quantify them

• Profile them on a large number of samples

• Cost-effective 



small RNA-Seq library preparation

• Monophosphate presence in 5' extremity and OH 
presence in 3' extremity

Total RNA: contain all kinds of RNA species 
including miRNA, mRNA, tRNA, rRNA...

RNA with modified 3'-end will not ligate with 3' 
adapters. Only RNA with OH in 3'-end will ligate.

Ligate with 3' adapter

Ligate with 5' adapter

RT-PCR and Size Selection

MicroRNA sequencing library

Only RNA with monophosphate in 5'-end will ligate 
with 5' adapters. 

CDNA containing both adapter sequences will be 
amplified. MicroRNA will be enriched from PCR 
and gel size selection. 



What are we looking for ?

• List of known miRNA

• List of new miRNA

• miRNA target(s)

• miRNA quantification

• Differential expression



small RNAseq data analysis



• Pre-miRNA information:

– Hairpin structure of the pre-miRNA

– Pre-miRNA localisation (coding/non coding TU intronic/exonic )

– Presence of cluster

– Size of the pre-miRNA

• miRNA-5p and miRNA-3p information:

– Existence of both miRNA-5p and miRNA-3p

– Sequence conservation

– Overhang (around 2 nt) related to drosha and Dicer cuts

– Size of miRNA-5p and miRNA-3p

– Overexpression of one of the miRNA-5p and miRNA-3p

• Existence of other products in sRNAseq data

What should we retain for data analysis ?



What should we retain for data analysis ?
miRbase data on pre-miRNA / mature
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• 5 experiments (5 lanes, no multiplexing)
• Different tissues, different stages

• No reference genome
• Only scaffolds

Description of the dataset

95.803.789

45.156.426

48.013.44791.418.250

121.171.011



Fastq format



Line 1 starts with @

Fastq format



Line 1 starts with @

Fastq format

Line 2 Raw sequence of 36 nt (36 cycles in 
sequencing)



Line 1 starts with @

Fastq format

Line 2 Raw sequence of 36 nt (36 cycles in 
sequencing)

Line 3 starts with a '+' character and is optionally 
followed by the same sequence identifier (and 
any description) again.



Line 1 starts with @

Fastq format

Line 2 Raw sequence of 36 nt (36 cycles in 
sequencing)

Line 3 starts with a '+' character and is optionally 
followed by the same sequence identifier (and 
any description) again.

Line 4 Line 4 encodes the quality values for the 
sequence in Line 2, and must contain the same 
number of symbols as letters in the sequence.



Known miRNA
Quantification matrix

small RNAseq pipeline

Quality check

Cleaning

Quantification
Mapping

Annotation

Prediction

with reference

New miRNA
Quantification matrix



small RNAseq pipeline



Known miRNA
Quantification matrix
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Quantification matrix



A simple way to do quality control. It provides a modular set of analyses to give a quick impression of 
whether data has any problems of which you should be aware before doing any further analysis. The main 
functions of FastQC are:
- Import of data from BAM, SAM or FastQ files (any variant)
- Provide a quick overview to tell you in which areas there may be problems
- Summary graphs and tables to quickly assess your data
- Export of results to an HTML based permanent report
- Offline operation to allow automated generation of reports without running the interactive application

Quality control

• FastQC (http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc/)

Fastqc -o nf.out nf_in.fastq

http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc/


Quality control

• Per base quality



Quality control

• Sequences content in nucleotides



Known miRNA
Quantification matrix

small RNAseq pipeline

Quality check

Cleaning

Quantification
Mapping

Annotation

Prediction

with reference

New miRNA
Quantification matrix



Output reads

Why cleaning ?



Output reads
- Some sequences contain only adapters

Why cleaning ?



Output reads
- Some sequences contain only adapters
- Some sequences contain sequences 
of interest flanked by the beginning of 
adapters: 

- Some of them are miRNA (yellow).

Why cleaning ?
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Output reads
- Some sequences contain only adapters
- Some sequences contain sequences 
of interest flanked by the beginning of 
adapters: 

- Some of them are miRNA (yellow).
- Some of them are other type of 

ncRNAs (green). 
- Some adapters contain errors (blue).

- Some sequences contain polyN (red)
- Some sequences contain other type of ncRNA (pink)

Why cleaning ?



Cleaning

• Adapters removing and length filtering

Cutadapt http://code.google.com/p/cutadapt/.

Cutadapt removes adapter sequences from high-throughput sequencing 
data. Indeed, reads are usually longer than the RNA, and therefore contain 
parts  of the 3’ adapter. It also allows to keep only sequences of desired 
length (15<length<29).

cutadapt -a ATCTCGTATGCCGTCTTCTGCTTG -m -M 29 -o nf_out.fg nf_in.fq

http://code.google.com/p/cutadapt/


Cleaning

• 56 % of reads discarded 



Cleaning

• Size in between 18bp:24bp 

→ miRNA ?



Exercices:

– WF1: 
• Quality control

• Cleaning



Known miRNA
Quantification matrix

small RNAseq pipeline

Quality check

Cleaning

Quantification
Mapping

Annotation

Prediction

with reference
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Quantification matrix



• Removing identical reads
– save computational time

– useless to keep all the read

– Keep the number of occurrence for each read

Mapping
Before mapping : Remove redundancy

…
AAATGAATGATCTATGGACAGCA 2
AAATGAATGATCTATGGACAGCAG 38
AAATGAATGATCTATGGACAGCAGA 2
AAATGAATGATCTATGGACAGCAGAAAG 1
AAATGAATGATCTATGGACAGCAGC 51
AAATGAATGATCTATGGACAGCAGCA 82
AAATGAATGATCTATGGACAGCAGCAA 5
AAATGAATGATCTATGGACAGCAGCAAA 2
AAATGAATGATCTATGGACAGCAGCAAC 3
AAATGAATGATCTATGGACAGCAGCAAG 57
AAATGAATGATCTATGGACAGCAGCAG 2
AAATGAATGATCTATGGACAGCCGC 1
AAATGAATGATCTATGGACGGCAGCA 1
...



Remove redundancy



Remove redundancy
miRNA ? piRNA ?

• More differencies between piRNAs than with miRNAs ?



• Blat http://genome.ucsc.edu/cgi-bin/hgBlat 

• Blast http://blast.ncbi.nlm.nih.gov/Blast.cgi  

• Gmap http://www.gene.com/share/gmap/

• Bowtie http://bowtie-bio.sourceforge.net/index.shtml

• BWA http://bio-bwa.sourceforge.net 

• ...

Mapping the reads

http://genome.ucsc.edu/cgi-bin/hgBlat
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.gene.com/share/gmap/
http://bowtie-bio.sourceforge.net/index.shtml
http://bio-bwa.sourceforge.net/


Mapping the reads

• Alignement of annotated reads



Mapping the reads

• Alignement of annotated reads

→ keep reads aligned the most at 4 positions with 0 
or 1 error



Mapping the reads

• Alignement of all reads

→ keep reads aligned the most at 4 positions with 0 
or 1 error



Known miRNA
Quantification matrix

small RNAseq pipeline

Quality check

Cleaning

Quantification
Mapping

Annotation

Prediction

with reference

New miRNA
Quantification matrix



Exercices:

– Mapping the reads with miRDeep2
• Using Bowtie for mapping

• miRDeep2-core for miRNA identification



• Pre-miRNA information:

– Hairpin structure of the pre-miRNA

– Pre-miRNA localisation (coding/non coding TU intronic/exonic )

– Presence of cluster

– Size of the pre-miRNA

• miRNA-5p and miRNA-3p information:

– Existence of both miRNA-5p and miRNA-3p

– Sequence conservation

– Overhang (around 2 nt) related to Drosha and Dicer cuts

– Size of miRNA-5p and miRNA-3p

– Overexpression of one of the miRNA-5p and miRNA-3p

• Existence of other products in sRNAseq data

What should we retain for data analysis ?



Prediction

• Precise excision of a 21-22mer is typical of 
microRNA 

• less represented reads are products of Dicer errors and 
sequencing/sample preparation artifacts



Prediction

• Once the reads mapped



Prediction

• Identify all contiguous read regions



Prediction

• Identify all contiguous read regions



• miRNA precursors have a characteristic 
secondary structure

– The detection of a microRNA* sequence, opposing 
the most frequent read in a stable hairpin (but 
shifted by 2 bases), is sufficient to diagnose a 
microRNA.

Prediction



Prediction

• Extend and fold read regions



Prediction

• Extend and fold read regions
~ 100bp



Prediction

• Extend and fold read regions
~ 100bp

• Stable hairpin structure 
shifted by 2 bases 

• miRNA > miRNA*



Prediction

• Extend and fold read regions

~ 100bp

~ 100bp

OR



Prediction

• Extend and fold read regions

~ 100bp

• In the absence of reads corresponding to an 
expected miRNA*, additional checks on the 
structure are:

– Degree of pairing in the miRNA region

– Hairpin: around 70nt in length

– The secondary structure is significantly more 
stable than randomly shuffled versions of the 
same sequence

– miRNA cluster



 N N N N 
A       N
G       N
G       N
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  N   U
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?

Prediction

• Which one should be used ?



Prediction
Existing software



Prediction
Existing software

• Basic features

– Availability (web/executable)

– Computing resources (time, memory)

– Reads pre-processing

– Mapping

– Identification



Prediction
Existing software

• Reads pre-processing

– Adaptators trimming

– Redundancy

– Repeats

– Other ncRNA

– Size of the mature miRNA (min/max) 



Prediction
Existing software

• Mapping

– Size and region of the read

– Number of locations
• Considered

• Reported

– Error(s) consideration in mapping

– Quality of the read



Prediction
Existing software

• Precursor identification

– Length and bounds of the theoretical sequence 
(folding)

– Alignment of the read against known miRNA

• Post processing step: assessment of the 
potential miRNA

– Different methods: SVM, bayesian statistics based 
score, combinatorial rules...
• Location of the read on the precursor

• 2 nt overhang of the mature miRNA/precursor

• Accuracy of the folding (HP structure, energy, Z-score...) 



Existing software
miRDeep2



Existing software
miRDeep2

Three modules

• MiRDeep2

• Mapper

• Quantifier

v

v



Existing software
miRDeep2

The Mapper module

• Reads processing
– Remove redundancy and keep # occurrences

• Map reads with bowtie (or BWA)
– Bowtie -f -n 0 -e 80 -l 18 -a -m 5 -best -strata

0 mismatch 
In the seed

The size of the
Seed is 18nt

2 mismatches 
after the seed

Do not map 
more than 5

Order alignments 
from best to worse



Existing software
miRDeep2

The miRDeep2 module

• Scan of both strands from 5' to 3'



Existing software
miRDeep & miRDeep2

The miRDeep2 module

• Scan of both strands from 5' to 3
– Search the best stack of reads (heigth 1 or more) in a 

distance of 70nt

70nt



Existing software
miRDeep & miRDeep2

The miRDeep2 module

• Scan of both strands from 5' to 3
– Search the best stack of reads (heigth 1 or more) in a 

distance of 70nt
– Excise potential precursors on both sides

70
70

20
20

~20
~20



Existing software
miRDeep2

The miRDeep2 module

• Scan of both strands from 5' to 3
– Search the best stack of reads (heigth 1 or more) in a 

distance of 70nt
– Excise potential precursors on both sides
– Go on from 1 nt after the last position excised

• If the number of candidate precursor>50.000, repeat 
the process (height of stack=height of stack + 1)

• Prepare the file of precursor signature
– Align reads against precursors (1 MM allowed)
– Align known miRNA against precursors (0 MM allowed)

• Evaluation of candidate precursors
– Fold candidate precursors (RNAfold + Randfold)

• Unbifurcated hairpins
– Score the candidates

• Valid alignment of reads on the precursor
• 60% of nt in the mature part paired



Existing software
miRDeep2

The Quantifier module

Identifies and quantifies known mature miRNA given
– Know mature miRNA

– Know miRNA precursors

Use Bowtie for miRNA/reads alignment 



Existing software
miRDeep2



Exercice:

– Back to miRdeep2-core 
results



Known miRNA
Quantification matrix

small RNAseq pipeline

Quality check

Cleaning

Quantification
Mapping

Annotation

Prediction

with reference

New miRNA
Quantification matrix



• Useful databases:

– miRbase (http://microrna.sanger.ac.uk/)
• miRBase::Registry provides names to novel miRNA genes prior 

to their publication. 

• miRBase::Sequences provides miRNA sequence data, 
annotation, references and links to other resources for all 
published miRNAs. 

• miRBase::Targets provides an automated pipeline for the 
prediction of targets for all published animal miRNAs. 

Annotation

http://microrna.sanger.ac.uk/


• Useful databases:

– miRbase (http://microrna.sanger.ac.uk/) 

– Rfam (http://rfam.sanger.ac.uk/) 
• A collection of RNA families 

– Rfam 10.1, June 2011, 1973 families

• A track now included in the UCSC genome browser

• Be careful: also contains (not all) miRNA families

Annotation

http://microrna.sanger.ac.uk/
http://rfam.sanger.ac.uk/


• Useful databases:

– miRbase (http://microrna.sanger.ac.uk/) 

– Rfam (http://rfam.sanger.ac.uk/) 

– Silva (http://www.arb-silva.de/) 
• A comprehensive on-line resource for quality checked and 

aligned ribosomal RNA sequence data. 
– SSU (16S rRNA, 18S rRNA)
– LSU (23S rRNA, 28S rRNA)
– Eukarya, bacteria, archaea

Annotation

http://microrna.sanger.ac.uk/
http://rfam.sanger.ac.uk/
http://www.arb-silva.de/


• Useful databases:

– miRbase (http://microrna.sanger.ac.uk/) 

– Rfam (http://rfam.sanger.ac.uk/) 

– Silva (http://www.arb-silva.de/) 

– GtRNAdb(http://gtrnadb.ucsc.edu/)  
• Contains tRNA gene predictions made by the program 

tRNAscan-SE (Lowe & Eddy, Nucl Acids Res 25: 955-964, 
1997) on complete or nearly complete genomes. 

• All annotation is automated and has not been inspected 
for agreement with published literature.

Annotation

http://microrna.sanger.ac.uk/
http://rfam.sanger.ac.uk/
http://www.arb-silva.de/
http://gtrnadb.ucsc.edu/


Annotation

• Reads with multiple annotation



Annotation

• Reads with multiple annotation

→ A lot of reads annotated with mirBase but also 
with tRNA and rRNA database



Mir-739 or 28S rRNA ?

Annotation

• rRNA present in miRBase



Annotation

Annotation occurences



Exercice:

– Annotation 


