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What are microRNAs (miRNAs)?  

Gene B 

Transcription 

   DNA 

   RNA 

Translation 

   PROTEIN 

miRNAs are about 22 nt long 
RNAs.  

 

They post-transcriptionally 
regulate protein coding gene 
expression 



MicroRNAs are involved 
in … 

Development   stem cell proliferation 

  Division  Differentiation  

 regulation of innate & adaptive immunity 

 apoptosis  cell signaling      metabolism 

 

   human pathologies 

Cancer  viral infections     cardiovascular diseases  

 metabolic disorders  neurological 
pathologies  

 psychiatric disorders    renal disease   hepatological conditions  

autoimmune diseases       gastroenterological conditions   

    obesity   reproductive disorders      

musculoskeletal disorders   periodontal 
pathologies 



Specific miRNAs that are currently being pursued as clinical candidates.  

Eva van Rooij et al. Circ Res. 2012;110:496-507 

Copyright © American Heart Association, Inc. All rights reserved.  



The microRNA 
world 

Vergoulis T, Vlachos IS et al. Nucleic Acids Res. 2012 January; 40(D1) 

 



Annual number of US and European published patent applications and issued patents 

related to miRNAs and their applications.  

Eva van Rooij et al. Circ Res. 2012;110:496-507 

Copyright © American Heart Association, Inc. All rights reserved.  



MiRNA target prediction 
 

3’Untranslated Region 

(3’UTR) mRNA 
miRNA 

Coding Sequence (CDS) 



Computational identification of 

 microRNA targets .   
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Minimum binding free energy score for mRNA window 

5’ 3’ 

3’ 
5’ 

 

Dynamic programming using free energies of 
dinucleotide pairs as scoring matrix.  
 

 

 mRNA 
microRNA 

mRNA  

Computational identification of miRNA targets  



     For each miRNA: 

 

 

     A ) Keep targets conserved in human / mouse orthologs.  

  

Adding  conservation  

Human 3’ UTR 

Mouse 3’ UTR 

 

 

 B) Sort all targets based on the minimum free energy binding score 

 

         

 Top 13 targets selected for experiments. 

 



 Experimental identification  



    5’End      3’End    mRNA Bulge   miRNA bulge 

Experimental identification of miRNA binding rules   



First Binding rules 

• Binding on the 5’ prime of miRNA important  
 

• Length of central bulge can change  
 

• Binding on the 3’ prime of miRNA can be loose  



Statistical evaluation of miRNA binding rules  
 
 

 

 
 

Signal : noise ratio 
 
1. X = # total target site predictions for a set of real miRNAs 
2. Y = # total target site predictions for a set of randomized miRNAs 
3. X:Y is the signal:noise ratio which provides a measure of specificity 

Example 
 
1. X = 2000 
2. Y = 1000 
3. Signal:noise ratio is 2:1. For every 2 predicted targets, 1 is likely to be false (50% FPR). 



 

 

 
 



miRNA:target interaction categories 

• Perfect base pairing  

  to at least 7 nucleotides  

  starting from the first or  

  second nucleotide at the  

  5’-end of the miRNA 

 

 

 

• Imperfect or shorter stretch of 

  base pairing to at least 7  

  nucleotides starting from the first  

  or second nucleotide at the  

  5’-end of the miRNA 

 

• Extensive binding to the 

  3’-end of the miRNA in order to 

  compensate for the weaker 

  binding to the miRNA 5’-end 

 



miRNA target sites & miRNA:mRNA 

 

• Predicting individual miRNA:site interactions 

 

 
 

 

 

• Providing a list of miRNA:gene interactions 

3’ UTR of Gene X 

ATCGAGTATCATGTTGCCATG 

5’ 3’ 

TATTGTGAACTGATGCAATAGA 

binding? 

3’ UTR of Gene X 5’ 3’ 

MYRE 1 MYRE 2 MYRE 3 MYRE 4 

How likely is it that Gene X is a target of miRNA Y? 
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New microRNA target prediction : DIANA-microT 3.0 

 

Calculating for each possible binding category conservation scores  

including 17 species.  

 



Combined 3'UTR score 

3’ UTR of Gene X 

5’ 
3’ 

MYRE 1 MYRE 2 MYRE 3 MYRE 4 

MYRE 1 MYRE 2 MYRE 3 MYRE 4 

MYRE 1 MYRE 2 MYRE 3 MYRE 4 

HUMAN 

MOUSE 

DOG 

Not 

conserved 

Not 

conserved 

Not 

conserved 

Score 10 7.5 1.5 8.5 

9mer 8mer 9mer 7mer 

Total 
27.5 

Weighted sum over of all putative target scores per 3'UTR. 



 Evaluation of miRNA target prediction programs 

 

 until 2008: 

 Statistically based on the ratio of real and artificial miRNA targets   

  Experimental verified targets 

 

  

 
2008 :  

pSilac and Silac approach: 

Measured the effect of miRNAs in the cell  on  protein levels.  

(Selbach et. al.  &  Baek D., Nature, 2008) 
 



NATURE, 2008 



Does more means also better ?  



Until now 

Experimentally identified binding sites 

  Limited number -> cannot extract statistically significant features 

  Specific for few miRNAs 

Microarrays (mRNA level) or proteomics (protein level)  
  Target genes are specified 

3’UTR CDS 

Targeted mRNAs 

mRNA 

mRNA 

mRNA 

but binding sites remain unknown 



CLIP data (Chi et al. 2009, Hafner et al. 2010) 

Note 

PAR-CLIP (Hafner et al. 2010) ,  HITS-CLIP (Chi et al. 2009). 

T->C mutation on the tags specifies binding sites within a region of 5 nts.  



Before 

Experimentally identified binding sites 

 Limited number -> cannot extract statistically significant features 

 Specific for few miRNAs 

Microarrays (mRNA level) or proteomics (protein level)  
 Target genes are specified but binding sites remain unknown 

Now - Sequencing data (PAR-CLIP, HITS-CLIP) 

 Specify location of thousands of binding sites 

 Enable statistical evaluation of several features 

3’UTR CDS 

MRE 

MRE 

MRE MRE 

MRE 

MRE 

MRE 

MRE Targeted mRNAs 

mRNA 

mRNA 

mRNA 



How CLIP data are processed 

Sequence reads are mapped to genome 

Peaks of reads are identified 

Peaks indicate binding sites BUT do not specify by which miRNA  

For this, the genomic location of the peak is aligned against all known  

miRNAs and the best matching miRNA is chosen 
 

miR-124 
miR-124 

miR-124 miR-15 miR-26 

Out of 17310 peaks 5057 overlap with an MRE at the 

UTR and 6057 overlap with an MRE at the CDS. 



Identified binding sites are divided into 2 categories 
1. Positive sites - overlap with PAR-CLIP data 
2. Negative sites - do not overlap with PAR-CLIP data 

Positive binding sites 
(CLIP data) 

Negative binding sites vs 

Flanking AU content 

e.g. 

More than 150 features are tested to distinguish: 

Feature Extraction and Analysis 



MicroT – CDS  
A combination of MRE scores in 
CDS and 3’UTR regions 

3’UTR CDS 

MRE scores in each region are combined to a region score 

MRE1 MRE2 MRE1 MRE2 MRE3 mRNA 

CDS score 3’UTR score 

Integration of CDS score and 3 UTR score with a generalized linear model  



Including targeting in CDS improves sensitivity by more than12% 
• 300 targets per miRNA that would be lost otherwise 

Does targeting in CDS improve prediction performance? 



DIANA Web server 

Maragkakis M, et al. DIANA-microT Web server upgrade supports Fly and Worm 
miRNA target prediction and bibliographic miRNA to disease association. Nucleic 
Acids Research, 2011. 

www.microrna.gr/microT-CDS 
 

http://www.microrna.gr/microT-CDS
http://www.microrna.gr/microT-CDS
http://www.microrna.gr/microT-CDS


Experimental supported microRNA 
targets. 
 



DIANA-TarBase  
Semi – Automatic Curation Pipeline 

 

Vergoulis, T. I. Vlachos et al. Tarbase 6.0: Capturing the Exponential 
Growth of miRNA Targets with Experimental Support. Nucl. Acids Res. 
2012 



Named Entity Recognition Process 



• Specific Techniques 
• Reporter genes 
• Northern blotting 
• qPCR 
• Western blotting 
• ELISA 
• Immunohistochemistry 

 

• High Throughput Techniques 
• Microarrays 
• RNA-Seq 
• Proteomics (such as pSILAC) 
• CLIP-Seq (HITS-CLIP, PAR-CLIP, iCLIP) 
• CLASH 
• PARE-Seq 
• Degradome-Seq 

 

Wet Lab Determination of  
miRNA – Gene Interactions 



Analysis of PAR/HITS-CLIP data 

mRNA mRNA mRNA 



 

TarBase v6.0 Interface 



 
 

Growth of interactions per method 

 
   



Database of experimentally supported targets: 
 DIANA-TarBase 

• Initially released in 2006 

• The first database to catalog published experimentally 
validates miRNA:gene interactions  

• With more than 500,000 entries, the largest experimentally 
validated repository with miRNA:gene interactions 

• Last update DIANA-TarBase v7 http://www.microrna.gr/tarbase 

 
S. Vlachos, M. D. Paraskevopoulou, D. Karagkouni, G. Georgakilas, T. Vergoulis, I. 
Kanellos, I-L. Anastasopoulos, S. Maniou, K. Karathanou, D. Kalfakakou, A. Fevgas, T. 
Dalamagas and A. G. Hatzigeorgiou.  

DIANA-TarBase v7.0: indexing more than half a million experimentally supported 
miRNA:mRNA interactions. Nucl. Acids Res. (2014) 

 

 

 

http://www.microrna.gr/tarbase


 
 

Growth of interactions per method 

 
   



Integration in ENSEMBL,  
the European Browser for Genomes in EBI  



miRBase 
 

• Interconnects also entries with external resources: 
 

 



Long Non Coding RNAs 

LncBase is the largest available 
repository of miRNA LNC RNA 
interactions  
 
• The Experimental Module contains 

more than 5,000 interactions 
between 2,958 lncRNAs and 120 
miRNAs.  
 

• The Prediction Module contains 
detailed information between 
56,097 lncRNAs and 3,078 miRNAs. 
 

Integration into RNAcentral ( EBI ) 
 

 
  

Paraskevopoulou, MD, Vlachos, IS,  Karagkouni D, Georgakilas, G, Kanellos I, N., Vergoulis, Tsanakas P, Floros E,  
Dalamagas T, Hatzigeorgiou AG. DIANA-LncBase v2: Indexing microRNA targets on non-coding transcripts Nucleic 
Acids Res. 2016 Jan 4;44(D1):D231-8. doi: 10.1093/nar/gkv1270. 





 Connecting  microRNAs to pathways 



KEGG cell cycle pathways with miRNA targets of miR-495 



Integrating human and mouse microRNAs in pathways 

microRNA 
targets microRNA 

targets 
KEGG 

KEGG 

Small overlap – Not significant Large overlap – Significant 

DIANA miRPath 



DIANA-miRPath v3.0
 www.microrna.gr/miRPathv3 

Vlachos IS, Zagganas K, Paraskevopoulou MD, Georgakilas G, Karagkouni D, Vergoulis T, 
Dalamagas T, Hatzigeorgiou AG. DIANA-miRPath v3.0: deciphering microRNA function with 
experimental support. Nucleic Acids Res. 2015 Jul 1;43(W1):W460-6. 
 



REGULATION 



microRNA Biogenesis  & Function  

 

Hammond et al. Dicing and slicing: The core machinery of the RNA interference pathway. Febs Letters, 

Volume 579, Issue 26, 2005, Pages 5822–5829 
 



miRNA classification 

Coding 

miRNA 
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Chromatin structure and transcription 
whatisepigenetics.com 
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Chromatin ImmunoPrecipitation Sequencing (ChIP-
Seq) 
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ChIP Sequencing Visualization 

H3K4
me3 

Pol
2 

Drawback:  wide range of predictions  



How do we validate a miRNA TSS prediction ? 
 

Drosha null/conditional-null 
(DroshaLacZ/e4COIN) mouse 
model that has been 
generated using the 
conditional by inversion 
(COIN) methodology from 
Aris Economides @ 
REGENERON 
Pharmaceuticals 
 
 



Mir17hg 
Mir92
-1 

Mir19b-1 

Mir20
a 

Mir19
a 

Mir
18 

Mir17 

GSM973235 WT mESCs 180M 
reads 

Drosha -/- mESCs with 27M 
reads 
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RNA-seq coverage over the Mir17hg 
lncRNA locus 

Drosha +/+ mESCs with 
19M reads 

8,856 bp 

Comparison other RNA-Seq experiments  

RNA-seq read depth is 
essential! 



Deep RNA seq is not enough  

miRN
As 

putative 
TSS 

RNA-seq 
coverage 

Which one is correct? 
 



ChIP-seq information can effectively  
reduce putative TSS’s 
 

miRN
As 

putative 
TSS 

RNA-seq 
coverage 

H3K4
me3 

Po
l2 

TF 
footprint
s 



First step of the Algorithm 

mm10 

Raw RNA-seq 
reads 

Map reads on 
the reference 
genomes 

mm10 

Reads tend to cluster 
over the expressed 
genomic regions 

mm10 

Apply a sliding 
window around 
miRNAs 

miRNA 

coding 

mm10 

Filter the candidate 
transcription start 
sites 

putative TSS 



An algorithm than can learn 
from data : machine learning  
 
Here we used Support Vector 
Machines 
A supervised machine learning 
algorithm 
for each chip seq set of data.  
 
Learns from  
• positive examples (known 

TSS) 
• negative examples (random 

intergenic locations, flanking 
positions) 

Algorithm - second step 



Algorithm overview 

First  step  

Second step  

Final step  



Comparison with existing methods 

Performance on  test set:  
 47 miRNA TSS derived from Drosha depleted mice. 
 
 

Algorithms Precision and Sensitivity at 1kbp 

distance threshold from validated TSSs in mESC 

  mESCs (N=47) 

Sensitivity Precision 

Marson et al 54% (20/37) 64.5% (20/31) 

PROmiRNA 78.7% (37/47) 25.4% (95/373) 

S-Peaker 76.5% (36/47) 18.8% (77/409) 

microTSS 93.6% (44/47) 100% (44/44) 

Predictions < 1,000 bp 
from the validated TSS are 
considered True 

 
Precision = TP / (TP+FP)  

 
Sensitivity =  
Correct Predictions / Total 
Correct 
 



GRO-Seq analysis 

GRO-Seq analysis revealed 
• 72 TSSs in hESCs 
• 81 TSSs in IMR90 cells 

GRO-Seq distribution over protein 
coding TSSs with divergent pri-miRNAs 
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Distance from protein 
coding TSS 

Coding region 

pri-miRNA 
region 

Distance from miRNA 
gene TSS 

GRO-Seq distribution on validated 
hESC miRNA TSSs 
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Refining non-coding gene annotation 

Nespas non-coding locus 

H3K4me3 

Pol2 

Drosha -/- 

Drosha +/+ 

RefSeq 
annotation 







Refining Gene Regulatory Networks 

Genes 

T
F 

micro
RNA 

Evolution of Gene Regulatory 
Networks 



Identifying biomarkers 

 



Identify cause / markers for ovarian cancer progression and malignancy 

 

mRNA expression by microarray 

 

microRNA expression by microarray 



Numerous miRNAs and protein coding genes are 
downregulated in late stage ovarian cancer. 

 MiRNA downregulation affects mRNA transcripts? 

      (miRNA = DOWN    &      targets = UP) 



Calculating the hexamer distribution in the UTR’s of genes that gain 
expression(UP) and genes that do not change(OTHER) 



Calculating P-Values of hexamer distribution in two groups  
of genes (UP vs OTHER) through Wilcoxon Rank Sum test. 





Linking hexamers to downregulated miRNAs. 



The majority of the downregulated miRNAs are located at  
a big miRNA cluster (< 36) at the Dlk1-Gtl2 domain of chr. 14. 



Downregulation of miRNA cluster at DLK1-GTL2 domain is associated with 
poor survival. 



F T R 

identifying miRNA involvement in disease through high throughput experimental data. 



miRExtra V2.0 
NGS RNA 

Expression DATA 
from 2 Conditions 

User-performed Experiments 
OR 

Selection from >700  
in-house Analyzed Samples 

NGS miRNA 
Expression DATA 

from 2 Conditions 

3 DE Methods 

3 DE Methods 

DE 
RNAs 

DE 
miRNAs 

Combined 
Analysis 

DE miRNAs Regulating 
DE mRNAs 

DE TFs Regulating  
DE mRNAs 

DE TFs Regulating  
DE miRNAs 



Vlachos et al DIANA-mirExTra v2.0: Uncovering microRNAs and Transcription 
Factors with crucial roles in NGS expression data. NAR 2016 

 DIANA-mirEXTRA v2.0 



Software on  microRNA.gr 



EDITING 



Editing of tissue specific adenosine to inosine 
 (A->I) of mir-376 cluster. 

 

 

pre-miR-376a 
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Editing by ADAR can almost completely alter miRNA  

targeting activity (I pairs with G) 
 

Kawahara, Y., Zinshteyn, B., Sethupathy, P., Iizasa, H., Hatzigeorgiou, A.G., and Nishikura, K. (2007) 
Redirection of silencing targets by adenosine-to-inosine editing of miRNAs.Science Feb 23;315(5815):1137-
40. 



Analysis of expression levels of  mir-376a-5p targets in the WT and 
ADAR2-/- mouse. 

• PRSP1  is involved in purine metabolism and the Uric Acis 
synthesis pathway.  

 

• Increase of PRSP1 levels cause a human disorder characterized 
by gout and neuro developmental impairment with hyperuricemia.  



SNPs & miRNAs 



Polymorphic disease associations and microRNAs. 

• SNPs that occur in functional 
miRNA target sites could affect 
miRNA binding 

 

• Map all annotated SNPs from 
dbSNP onto all experimentally 
supported target sites from TarBase 

 

• 2 of the 5 SNPs occur in a region 
that disrupts the 5’-dominant 
binding 

 

• 1 of these 2 SNPs is genotyped 
according to ALFRED (ALlele 
FREquency Database) 

 

• Does this SNP impair miR-155 
binding and silencing of AGTR1? 



 AGTR1 

1166A: 

1166C: 

...AGCATTAG... 

...AGCCTTAG... 

miR-155 

...AGCATTAG... 

Wild-type 

AGTR1  

levels 

Elevated  

AGTR1  

levels 

TGA…TCGTAATT 5’ 3’ 

…TCGTAATT 

SNIP 

...AGCCTTAG... 

Transl. 
repression 

No transl. 
repression 

…TCGTAATT 



Experimental validation in vitro. 
 

• In vitro luciferase assay to test the prediction  



Fibroblast cells from monozygotic twins discordant for trisomy 21. 
In vivo evidence of mir-155 and ATGR1. 

qRT-PCR for mature miR-155 expression Whole cell AGTR1 binding assays  

Sethupathy, P., Borel, C., Gagnebin, M., Grant, G.R, Deutsch S, Eltion TS, Hatzigeorgiou*, A.G, and Antonarakis, S.E. 
(2006) Human microRNA-155 on chromosome 21 differentially interacts with its polymorphic target in the AGTR1 3' 
untranslated region: a mechanism for functional single-nucleotide polymorphisms related to phenotypes.Am J Hum 
Genet. 2007 Aug;81(2):405-13. 



DIANA-Tools 
Visit us @ 
www.microrna.gr! 

More than 130,000 visits per year, based on 
Google Analytics! 

Integration of 
microT & 
TarBase in 
miRBase 

First 
release 
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