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non-coding RNA (ncRNA) 

genes, which produce 

transcripts that 

function as structural, 

catalytic or regulatory 

RNAs 

 MicroRNA (miRNA) : post-transcriptional regulatory genes 

 PIWI-interacting RNA (piRNA): germline transposon silencing 

 Small interfering RNA  (siRNA) : active molecules in RNA interference 

 Small nuclear RNA (snRNA) : includes spliceosomal RNAs. 

 Small nucleolar RNA (snoRNA): most known snoRNA are involved in 

rRNA modification 

 Long non-coding RNA (lncRNA) : Little is known about them, involved 

in mRNA regulation 
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The RNA World 

5’-auagaugggccccacauauac-3’ 

replicating virus 
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The RNA World 

5’-auagaugggccccacauauac-3’ small RNA 

RISC 
RNA induced silencing complex 

block 
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The RNA World 

To address these questions, new systematic gene-discovery approaches need 

to be developed that are specifically aiming the discovery ncRNAs  

Next Generation Sequencing (NGS) technologies with the vast amount and 

sensitivity enable such a research. 

The new spectrum of NGS applications together with the massive amount of 

data requires a focused investment and development of bioinformatics tools 

managing and analysing such complex and large datasets to infer biological 

meaning. 

Why non-coding RNA? 

• How many ncRNA genes are there? 

• How important are they? 

• What functions does a cell „delegate‟ to RNA instead of protein and 

why? 



The ITB ncRNA Platform 
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Sequence Processing 

Reads are typically around 50 bases and therefore read into the 3‟-

adaptor 

 

 If multiplexed detect barcode sequence and separate experiments 

 Trimming barcode and 3‟-adaptor fragment (adaptor sequence not 

always present since “small RNA” too long ==> discharge!!!! 

 Since sequencing errors tends to be more frequent in 3‟ part, 3„-

adaptor trimming need to accept mismatches 

3‟ adapter 
~20 bases 

barcode 
(if multiplexed) 

4-6 bases 

small RNA 
18-30 bases 

5‟ adapter 

Small RNA Sequence Analysis 



Sequence Processing 
Sequence Analysis 
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Sequence Processing 
Sequence Mapping 

BWA mapping on Genome(s) 

t ree 1

t ree 2

Li H. and Durbin R. (2009) Fast and accurate short read alignment with Burrows-Wheeler 

Transform. Bioinformatics, 25:1754-60 



Sequence Processing 
Sequence Mapping 

BWA mapping on ncRNA Reference database 

Li H. and Durbin R. (2009) Fast and accurate short read alignment with Burrows-Wheeler 

Transform. Bioinformatics, 25:1754-60 

ncRNAs 
Reference 
database 



Sequence Processing 
Discovery 

Friedländer, M.R., Chen, W., Adamidi, C., Maaskola, J., Einspanier, R., Knespel, S., Rajewsky, 

N. 'Discovering microRNAs from deep sequencing data using miRDeep', Nature Biotechnology, 26, 

407-415 (2008) 

De-novo miRNA discovery using miRDeep2 (animals and plants) 



DataWarehouse 
“ncRNADB” Reference Database 

Ribosomal RNAs 
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DataWarehouse 
Some “ncRNADB” Statistics 

Classes

miRNA

5%

mRNAlike lncRNA

11%

other

1%

0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%

piRNA

43%

lncRNA

12%

mature_transcript

25%

4.5S RNA

antisense_RNA

gRNA

lincRNA

lncRNA

mature_transcript

miRNA

mRNAlike lncRNA

ncRNA

Non-protein coding transcript

other

piRNA

pre_miRNA

ReplicationControl RNA

RNase P RNA

scRNA

self-splicing ribozyme RNA

snmRNA

snoRNA

snRNA

SRP_4.5S RNA

SRP_7SL RNA

telomerase RNA

tmRNA

VA RNA

Y RNA

Total sequences: 411552 

organism total 

Mus musculus 119777 

Drosophila melanogaster 102581 

Homo sapiens 91286 

Rattus norvegicus 66760 

Caenorhabditis elegans 4900 

Oryza sativa 869 

Arabidopsis thaliana 781 

Danio rerio 454 

Populus trichocarpa 292 

Xenopus tropicalis 275 

Pan paniscus 274 

Caenorhabditis briggsae 271 

Pongo pygmaeus 263 

Gorilla gorilla 263 

Gallus gallus 256 

Pan troglodytes 254 

Macaca nemestrina 231 

Takifugu rubripes 221 

Macaca mulatta 221 

Bos taurus 211 

Tetraodon nigroviridis 209 

Saccharomyces cerevisiae 187 

Zea mays 165 

Monodelphis domestica 159 

Lagothrix lagotricha 145 



Results 
Viroid plant interaction 

Viroids ("virus-like") are small circular RNA plant pathogens. They do not code 

for any protein but can cause heavy symptoms in some ornamental and crop 

plants. 
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Results 
Viroid smallRNA in RDR6 silenced N.benth 



Results 
Host target gene of viroid siRNA 



Results 
CTV infected orange plants 



Results 
CTV infected orange plants 



Results 
Mouse miRNA fold-change (graphic interface) 



DataWarehouse 
Genomic References 

Sequences and Features of: 

 

 Homo sapiens 

 Mus Musculus 

 Arabidopsis thaliana 

 



ncRNA Projects involved 

 Plant – Viroid interactions in peach tree, grapevine and tobacco 

 Plant – Virus interaction in orange tree 

 Multidrug resistence in dog cell lines 

 Immune response in mouse 

 miRNA driven methylation profile in Arabidopsis 
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