
  

C. Gaspin
Unité de Mathématique et Informatique Appliqués
Toulouse

Prediction & annotation of 
ncRNA



  

ncRNA background



  

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 : 
the family signature

 Sequence less conserved



  

RNA background
Different elementary motifs



  

The non coding protein RNA world
A high diversity in size

 Large non coding protein RNA
 >300 nt : rRNA, Xist, H19, ...
 Genome structure & expression

 Small non coding protein RNA
 >30 nt : tRNA, 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...



  

RNA background
Example: the tRNA family

http://en.wikipedia.org/wiki/Transfer_RNA
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RNA background
Example: the tRNA family



  

RNA background
Example: 16S rRNA family



  

RNA background
Example: snRNA family

Cell Volume 136, Issue 4 2009 701 - 718



  

RNA background
Example: snoRNA families

http://biochem.ncsu.edu/faculty/maxwell/snoRNA.jpg



  

RNA background
Example: miRNA family



  

RNA background
Example: miRNA family

Pang et al. Genome Biology 2009 10:R122   doi:10.1186/gb-2009-10-11-r122



  

RNA background
Example: miRNA family

 MiRscan examines several features 
and computes a score

 The score is the sum of the evidence 
scores, computed independantly  for 
each feature 

Lim et al, Genes and Development 2003



  

RNA background
Example: RFN riboswitch family

Transcription 
attenuation

Translation 
attenuation

From Gelfand, Paris, 2004



  

RNA background
Example: RFN riboswitch family
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Capitals: invariant  positions. 

Lower case: strongly conserved positions. 

Dashes and stars: obligatory and facultative 
base pairs 

Degenerate positions: 
 R = A or G
 Y = C or U              
 K = G or U
 B= not A
 V = not U                                       
 N: any nucleotide
 X: any nucleotide or deletion

From Gelfand, Paris, 2004



  

RNA background
ncRNA and free energy

- K=equilibrium constant giving the ratio of concentrations for folded, S,
 and unfolded, U, species at equilibrium

- ΔG° = standard free energy difference between S and U
- R = gas constant
- T = temperature in kelvins

http://rna.urmc.rochester.edu/teaching.html



  

RNA background
ncRNA and free energy

http://rna.urmc.rochester.edu/teaching.html



  

 It is admitted
– The right secondary structure is that minimizing the 

free energy
– 18N possible secondary structures for a sequence of 

length N
– For N=100 : 3x1025 structures to compute

•  Efficient software to do that 
– RNAfold (Hofacker, 2003)

– Mfold (Zucker, Science, 1989)

RNA background
ncRNA and free energy



  

ncRNA background

Where are ncRNA located ?



  

ncRNA background
Where are they in eucaryotes ?

 Generally in non coding regions

 But also in :
– Inter-ORF
– Introns

• snoRNA, miRNA, tRNA

– Coding regions
– Anti-sens of (non) coding regions



  

ncRNA background
Where are they in bacteria and archea ?

 Generally in non coding regions
– All organisms, all families

 But also in :
– Cis-reg : 5'UTR of mRNA
– Antisens of (non) coding regions



  

ncRNA background
Where are they in Human ?

 ncRNA in the ENCODE project
http://www.nature.com/encode/threads/non-coding-rna-characterization



  

ncRNA background
Where are they in Human ?

 lncRNA



  

ncRNA background
Where are they in eucaryotes ?

 miRNA

Mol. Cell. Bio., February 2009, vol. 10



  

ncRNA annotation

Existing in International Repositories



  

Genomes and ncRNA annotation

 The reference : Genbank
        http://www.ncbi.nlm.nih.gov/genbank/genomesubmit/



  

Genomes and ncRNA annotation

 Another reference : Ensembl
     http://www.ensembl.org/info/docs/genebuild/index.html



  

Genomes and ncRNA annotation

 Another reference : Ensembl
     http://www.ensembl.org/info/docs/genebuild/ncrna.html



  

Genomes and ncRNA annotation

 Another reference : Ensembl
     http://www.ensembl.org/info/docs/genebuild/ncrna.html



  

Genomes and ncRNA annotation

 Another reference : Ensembl
     http://www.ensembl.org/info/data/ftp/index.html



  

ncRNA prediction 

Versus 

Coding RNA prediction



  

ncRNA prediction and annotation

 Not predicted by gene prediction tools
 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



  

The non coding protein RNA world

 Protein Approaches
- Statistically biased (codon triplets)

- Open Reading Frames

 ncRNA Approaches
- High CG content (hyperthermophiles archaea)

- Orphan promoter/Terminator identification 

  (bacteria)



  

The non coding protein RNA world
Comparative analysis: similarity searching

 Proteins
− BLAST, Sequence Alignment (DP)
− Genes that code for proteins are conserved across 

genomes (e.g. low rate of mutation)

 ncRNA
− Low sequence conservation
− Secondary structure usually conserved
− Alignment scoring based on structure can be 

imperative



  

The non coding protein RNA world
Comparative analysis: similarity searching



  

ncRNA annotation

ncRNA databases



  

The non coding protein RNA world
Databases

 Generalist databases
− No organism specificity
− No family specificity

 Specific databases
− Groups of organisms : Plants, Animals, Human...
− ncRNA families: rRNA, tRNA, miRNA, snRNA, 

snoRNA, tmRNA...
− Both



  

The non coding protein RNA world
Generalist databases

• RFAM 
http://www.sanger.ac.uk/Software/Rfam/

• NonCode
    http://noncode.bioinfo.org.cn/index4.htm

• RNAdb
    http://jsm-research.imb.uq.edu.au/rnadb/

• fRNAdb
   http://www.ncrna.org/frnadb/ 

• ncRNA
   http://biobases.ibch.poznan.pl/ncRNA/ 

http://www.sanger.ac.uk/Software/Rfam/
http://noncode.bioinfo.org.cn/index4.htm
http://jsm-research.imb.uq.edu.au/rnadb/
http://www.ncrna.org/frnadb/
http://biobases.ibch.poznan.pl/ncRNA/


  

The non coding protein RNA world
Generalist databases

 RFAM



  

The non coding protein RNA world
Generalist databases

 RFAM



  

The non coding protein RNA world
Generalist databases

 RFAM



  

The non coding protein RNA world
Generalist databases

 RFAM



  

The non coding protein RNA world
Generalist databases

 RFAM



  

The non coding protein RNA world
Generalist databases

 fRNAdb



  

The non coding protein RNA world
Generalist databases

 fRNAdb



  

The non coding protein RNA world
Specific databases

 miRBase



  

The non coding protein RNA world
Specific databases

 miRBase



  

The non coding protein RNA world
Specific databases

 miRBase



  

The non coding protein RNA world
Specific databases

 Silva



  

The non coding protein RNA world
Specific databases

 tRNA



  

The non coding protein RNA world
Specific databases

 CRISPRdb database



  

The non coding protein RNA world
Specific databases

 snoRNA database



  

The non coding protein RNA world
Specific databases

 Plant databases



  

The non coding protein RNA world
Specific databases

 Bacteria small regulatory database



  

ncRNA annotation

Methods and tools for ncRNA 
prediction and annotation



  

 A variety of existing approaches not 
always easy to integrate

 Known family: Homology prediction

– Specific family methods

– Generalist
 New family: De novo prediction

– Orphan promoter/terminator

– Comparative analysis of related organisms

– Bias composition detection between coding and 
non coding 

The non coding protein RNA world
Methods and tools



  

The non coding protein RNA world
Methods and tools

 Known family: Homology prediction

– Specific family methods

• tRNA

 



  

The non coding protein RNA world
Methods and tools

 Known family: Homology prediction

– Specific family methods

• tRNA
– tRNAscan-SE (1997)

 



  

The non coding protein RNA world
Methods and tools

 Known family: Homology prediction

– Specific family methods

• tRNA
– TRNAscan-SE (1997)

• tRNA+tmRNA (bacteria)
– ARAGORN (2004)

– Single chain tmRNA (ssra)

 



  

The non coding protein RNA world
Methods and tools

 Known family: Homology prediction

– Specific family methods

• rRNA
– Bacteria and archaea : 

» 16S rRNA

» 23S rRNA

» 5S rRNA

– Eucaryotes

» 18S rRNA

» 28S rRNA

» 5.8S rRNA

» 5S rRNA

 



  

The non coding protein RNA world
Methods and tools

 Known family: Homology prediction

– Specific family methods

• rRNA

– 5S, 16S/18S, 23S/28S

– Alignment+HMM

 



  

The non coding protein RNA world
Methods and tools

 Known family: Homology prediction

– Generic methods

• Alignment + Secondary structure

 



  

The non coding protein RNA world
Methods and tools

 Known family : homology prediction
– Generic methods 
– Sequence alignment versus structural aligment

 



  

The non coding protein RNA world
Methods and tools

 Known family : homology prediction
– Generic methods
– Sequence alignment & structure alignment
– At the core of Rfam database (http://rfam.sanger.ac.uk/)

• A database of covariance models (probabilistic models of 
sequence/structure alignments)

• Sequence alignment tool : Blastn

• Structure alignment tool : Infernal (cmsearch)

 

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


  

The non coding protein RNA world
Methods and tools

 Known family : homology prediction
– Generic methods
– Descriptor-based methods

• Subjective and painful descriptor generation
• Subtle constraints not easily expressed
• Yes/no answer (no scoring)

 



  

The non coding protein RNA world
Methods and tools



  

The non coding protein RNA world
Methods and tools

 Unknown family
– Orphan promoter/terminator

 



  

The non coding protein RNA world
Methods and tools

 Unknown family
– Orphan promoter/terminator

 



  

The non coding protein RNA world
Methods and tools

 Unknown family
– Orphan promoter/terminator
– Successfully applied in E. coli

 



  

The non coding protein RNA world
Methods and tools

 Unknown family
– Orphan promoter/terminator

 



  

The non coding protein RNA world
Methods and tools

 Unknown family
– Bias composition analysis

• Schattner, NAR, 2002, Klein & Eddy, PNAS, 2002

 
E. coli R. solanacaerumS. aureus

  44,7%  31,3%%   67%  50,8%  32,8%

M. jannashii P. abyssi



  

The non coding protein RNA world
Methods and tools

 Unknown family
– Comparative analysis

• Sequence alignment
• Structure alignment

 



  

The non coding protein RNA world
Methods and tools

 Unknown family
– Comparative analysis

 



  

The non coding protein RNA world
Methods and tools

 Unknown family: Homology prediction

– Generic methods

• Alignment + Secondary structure

 



  

The non coding protein RNA world
Methods and tools

 Unknown family: Homology prediction

– RNAz (Washietl et al., 2004)
www.tbi.univie.ac.at/~wash/RNAz

• Start with an alignment of homologous sequences

• Compute :
– Mean free energy of aligned sequences

– Structure conservation score

– Mean pairwise identity

– Number of sequences in the alignment

• Use  a SVM to classify candidates

 

http://www.tbi.univie.ac.at/~wash/RNAz


  

The non coding protein RNA world
Methods and tools

 Unknown family: Homology prediction

– Q-RNA (Rivas & Eddy, 2001)
• Start with a blast alignment 

• Models to assess coding/non coding 

 



  

The non coding protein RNA world
Methods and tools

 miRNA prediction
– De novo prediction

• Search for the hairpin structure of the pre-miRNA
– Hairpin search at the genome scale

• Exploit conservation between organisms

 



  

Example of bacterial sRNA 
prediction & annotation 

with RNAspace 



  

ncRNA prediction and annotation 
RNAspace



  

ncRNA prediction and annotation 
RNAspace



  

ncRNA prediction and annotation 
RNAspace



  

ncRNA prediction and annotation 
RNAspace



  

ncRNA prediction and annotation 
P. abyssi – 2 contigs of Triticum aestivum

P. abyssi

Known families
Homology search
- Blast → RFAM
- Darn ! → C/D box sRNA
- RNAmmer
- tRNAscan-SE

New families
Comparative analysis
- P. furiosus
- T. kodakarensis
Bias composition

T. aestivum

Known families
Homology search
- Blast → RFAM
- RNAmmer
- tRNAscan-SE



  

ncRNA prediction and annotation 
P. abyssi – 2 contigs of Triticum aestivum

P. abyssi

Known families
Homology search
- Blast → RFAM :161 
- Darn ! → C/D box sRNA : 123
- RNAmmer : 4
- tRNAscan-SE : 46

New families
Comparative analysis : 20
- P. furiosus
- T. kodakarensis
Bias composition : 101

T. aestivum

Known families
Homology search : 118
- Blast → RFAM : 118

* miR1122 :  → Infernal :57
* 5S rRNA :  → Infernal : 1
* tRNA :1  → Infernal : 2
* U4 :1  →  Infernal : 1
* Intron gr II

- RNAmmer : 0
- tRNAscan-SE : 0



  

ncRNA prediction and annotation 
P. abyssi



  

ncRNA prediction and annotation 
P. abyssi



  

P. abyssi



  

ncRNA prediction and annotation 
T. aestivum



  

T. aestivum:U4 ?



  

T. aestivum:U4 ?



  

T. aestivum:U4 ?



  

T. aestivum:U4 ?



  

T. aestivum:U4 ?



  

T. aestivum:U4 ?

000257  1  TTTGTTTGTT GGTAGTCTGA TTAGTCCCAC CTCGGTAACT GAGGCAGGTG  
 51 GCAAGGGGGA GCTAGGTATA AGAACGGACC ATGGGCGTAT GGAAATGGGC
101 ATTTTTGCGC TTGGGGCAAT GACGCACCTA GTGAGGTAAT ACCGAGGCGC 
151 GTCAATTGCT GGTTGAAAAC TATTTCCAAA CTCCCTCTTT GGCCCTCACG
201 GGTCACTGAG AATTTGTGCA AAGGCTCCCT CTCCTTGGAG AGGGCAAGGG
251 CC



  

sRNA prediction and annotation 
T. aestivum



  

T. aestivum:miR1122 ?



  

T. aestivum:miR1122 ?



  

ncRNA prediction and annotation
Prediction is different of validation !!!

 miRNA prediction
– Homology search

• Sequence alignment : very good conservation of the 
mature miRNA : Blastn against miRBase

– Be careful with plants !!!
– Pre-miRNA structure is to verify
– Take care of false positives

 

 



  

ncRNA prediction and annotation
Prediction is different of validation !!!
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