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The first discovered miRNA: lin-4 

Ruvkun G, Wightman B, Ha I.  The 20 years it took to recognize the importance of tiny RNAs. Cell. 2004 Jan 

23;116 (2 Suppl):S93-6. 

Lee R, Feinbaum R, Ambros V. A short history of a short RNA. Cell. 2004 Jan 23;116 (2 Suppl):S89-92 



The biogenesis of microRNAs 

(Esquela-Kerscher and Slack, 2006) 
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MicroRNAs:  
Gene Regulation at the Post-transcriptional Level 

 MicroRNAs are small (17 to 25 nt.) RNA molecules which regulate gene 
expression by degrading mRNAs of certain genes or interfering with 
translational machinery of mRNAs. 

mRNA Degradation 

RISC - RNA induced silencing complex 

UTR - untranslated region of an mRNA 

mRNA Suppression 

Images from Bartel. (2004) Cell, Vol 116: 281-297 5 



Are All RNAs Regulated by miRNAs? 

6 

Adapter from Xie X et. al., Nature 2005. Adapter from Lewis BP et. al., Cell 2005. 



Target Prediction is often based on… 

• Perfect pairing of miRNA-mRNA seed match 

• Seed match conservation across different species 

• Number of predicted sites for the same miRNA on 
a certain 3’UTR 

• Thermodynamics of miRNA-target pair 

• Target site accessibility 
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Cross Species Conserved Seed Match 
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• MicroRNA targets conserve across species. 
(Stark et al. 2003) 

 

Mansfield, 2004, Nat Genet; MicroRNA-responsive 'sensor' transgenes uncover Hox-like and other developmentally regulated 
patterns of vertebrate microRNA expression. 



Accessibility: The Missing Component 

What about target accessibility? 

RISC 

vs. 

RISC 
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Incorporating mRNA UTR structure to predict 
microRNA targets (Robins et al. 2005) 

•Make sure the predicted target 
“accessible”. 
•Not forming basing pairing its self. 



What can we do with miRNAs? 

• We can look for microRNA genes 

– Is it a novel miRNA? 

– Where is my miRNA expressed? 

• We can look for microRNA targets 

– Which miRNAs regulate my gene? 

– Which genes are regulated by my miRNAs? 

– Are there any common pathways affected by the 
same miRNA/combination of miRNAs? 
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- miRBase 
- miRNAMap 
- miRTarBase 

Databases for miRNAs and 
miRNA-target interactions 
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miRBase Database 
The microRNA database 

http://www.mirbase.org/ 
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miRNA nomenclature 

Pre-miRNA Mature miRNA Note 

xxx-bantam xxx-bantam insect 

xxx-lin-4 xxx-lin-4 nematode 

xxx-mir-yyy xxx-miR-yyy 

xxx-MIRyyy xxx-miRyyy Plant 
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xxx: abbreviations of species 
yyy: three or four digital numbers and one alphabet 

Pre-miRNA Genomic location Mature miRNA 

rno-mir-103-1 chr10: 20695027-20695112 [+] rno-miR-103, rno-miR-103-1* 
 

rno-mir-103-2 chr3: 118996602-118996687 [+] rno-miR-103, rno-miR-103-2* 

has-let-7a-1 chr9: 96938239-96938318 [+] hsa-let-7a-5p, hsa-let-7a-3p 

hsa-let-7b chr22: 46509566-46509648 [+] hsa-let-7b-5p, hsa-let-7b-3p 

http://www.ensembl.org/Rattus_norvegicus/contigview?l=10:20693027-20697112
http://www.ensembl.org/Rattus_norvegicus/contigview?l=10:20693027-20697112
http://www.ensembl.org/Rattus_norvegicus/contigview?l=10:20693027-20697112
http://www.ensembl.org/Rattus_norvegicus/contigview?l=10:20693027-20697112
http://www.ensembl.org/Rattus_norvegicus/contigview?l=10:20693027-20697112
http://www.ensembl.org/Rattus_norvegicus/contigview?l=3:118994602-118998687
http://www.ensembl.org/Rattus_norvegicus/contigview?l=3:118994602-118998687
http://www.ensembl.org/Rattus_norvegicus/contigview?l=3:118994602-118998687
http://www.ensembl.org/Rattus_norvegicus/contigview?l=3:118994602-118998687
http://www.ensembl.org/Rattus_norvegicus/contigview?l=3:118994602-118998687
http://www.ensembl.org/Homo_sapiens/contigview?l=9:96936239-96940318
http://www.ensembl.org/Homo_sapiens/contigview?l=9:96936239-96940318
http://www.ensembl.org/Homo_sapiens/contigview?l=9:96936239-96940318
http://www.ensembl.org/Homo_sapiens/contigview?l=9:96936239-96940318
http://www.ensembl.org/Homo_sapiens/contigview?l=9:96936239-96940318
http://www.ensembl.org/Homo_sapiens/contigview?l=22:46507566-46511648
http://www.ensembl.org/Homo_sapiens/contigview?l=22:46507566-46511648
http://www.ensembl.org/Homo_sapiens/contigview?l=22:46507566-46511648
http://www.ensembl.org/Homo_sapiens/contigview?l=22:46507566-46511648
http://www.ensembl.org/Homo_sapiens/contigview?l=22:46507566-46511648


Search page 
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hsa-mir-122 
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miRNAMap Database 
Nucl Acids Res, Database Issue, 2006 

Nucl Acids Res, Database Issue, 2008 

An integrated resource to collect experimentally verified microRNAs 
and both known and putative miRNA target genes in human, mouse, 
rat and other metazoan genomes. 

http://miRNAMap.mbc.nctu.edu.tw/ 
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Known miRNAs 

Known miRNA targets 

Putative miRNA targets 

miRNA expression profiles 

Filtering criteria for putative 
miRNA targets 

http://mirnamap.mbc.nctu.edu.tw/
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Homepage of miRNAMap 2.0 
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Web interface - Browse 
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Web interface - Browse 
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Web interface - Search 
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miRNA expression profiles 

hsa-miR-23a hsa-miR-122a (liver-specific miRNA) 

Q-PCR expression profiles 



miRTarBase 
A database curates experimentally validated microRNA-target 
interactions 

http://miRTarBase.mbc.nctu.edu.tw/ 
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Microarray 

Western blotting 

pSILAC 

miRTarBase 

miR-196a 

HOXB8 

miR-125b 

Lin-28 

miR-122 

ADAM17 

miR-519c 

HUR 

Luciferase  assay 

Less strong evidences 

Strong evidences 

http://mirnamap.mbc.nctu.edu.tw/
http://mirnamap.mbc.nctu.edu.tw/


The statistics of miRTarBase 
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Comparison of miRTarBase with other 
MTI databases 
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Experimentally verified miR-122 targets 
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-TargetScan 
-miRTar 
-microRNA.org 
-MicroCosm 
 

Tools for identifying miRNA-
target interactions 
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Tools for miRNA-Target Prediction 
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362 

260 
35 

1881 
149 

175 

186 
1371 

2627 

693 

865 

4178 

721 

Statistic from Web of Science, 2012.6 28 

Total cited cited miRanda (microRNA.org) 

PicTar 

TargetScan 
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TargetScan 
Prediction of microRNA targets 

http://www.targetscan.org/ 
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MicroRNA Target Prediction 

• Perfect pairing of miRNA-mRNA seed match (2-8mer). 

• Thermodynamic stability of miRNA::mRNA regulation element 
duplex. 

• Conserved miRNA  targets. 

• Target site accessibility. 

• Order of target proficiency in different mRNA region is that: 
– 3’UTR > ORF >> 5’UTR. 30 
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TargetScan: Context+ scores 

• Seed-type contribution 
– 8mer >> 7mer-m8 > 7mer-A1 >> 6mer > no site. 

• 3' pairing contribution 
– additional Watson-Crick pairing at nucleotides 12–17 enhances miRNA 

targeting. 

• Local AU contribution 
– Out of seed region is prefect AU rich sequence. 

• Position contribution 
– two ends of long UTRs generally were more effective than those near 

the center. 

• TA and SPS contribution 
– TA: target-site abundance 
– SPS: seed-pairing stability (Nearest-neighbor method)  

• Context+ score is sum of these contribution. 
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Seed-type contribution 

6mer 

7mer-m8 8mer 

7mer-A1 

2 to 7 mer perfect match 2 to 7 mer perfect match and position 1  
in mRNA must be nucleotide A 

2 to 8 mer perfect match 2 to 8 mer perfect match and position 1  
in mRNA must be nucleotide A 

32 
8mer >> 7mer-m8 > 7mer-A1 >> 6mer > no site. 



3' pairing contribution 
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additional Watson-Crick pairing at nucleotides 12–17 enhances miRNA targeting 



Local AU & Position contribution 

• Local AU contribution 

– Out of seed region is prefer AU rich sequence. 

• Position contribution 

– Two ends of long UTRs generally were more 
effective than those near the center. 

 

34 

miRNA 

3’ 

3’ 5’ 

5’ 

mRNA 

1 7 
8 

9 11 

12 

Seed 

AAAA ORF 

13 

Seed match 



TargetScan web interface 
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that have been misclassified as miRNAs. 

broadly conserved = conserved across most vertebrates, usually to zebrafish. 
conserved = conserved across most mammals, but usually not beyond placental mammals. 

miRNA 
Search for others species 



TargetScan search results 
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All putative miRNA target sites in Human LIN28A 3’ UTR  

Conserved Target sites in different species 

Target prediction rank and others parameter 



TargetScan Practice 
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1. LIN28A 
2. HMGA2 

Input 

http://www.targetscan.org/ 

3. hsa-miR-122  

http://www.targetscan.org/


Different mRNA isoforms of one gene 

Differences ?! Transcript I 

Base pairing on this region 

Transcript II 

Transcript III 

Intron 
CS Exon 
AS Exon 

The structure of a typical human protein coding mRNA including the untranslated regions (UTR) 

Cap 

5’ UTR 3’ UTR Coding sequence (CDS) 

start end PolyA tail 

miRNA target sites in 5’UTR, CDS, 3’UTR 

Base pairing on this region 

A B 

mRNA degradation/translation inhibition 

A miRNA 
Transcript I 

Transcript II 

Transcript III 

Degrade ! 

Degrade ! 

Not Degrade ! 

Transcript III will not be degraded ! 

B 

Transcript I 

Transcript II 

Transcript III 

Degrade ! 

Degrade ! 

Degrade ! 

All of the transcripts will be degraded ! 

miRNA 

The biological roles of  the miRNA 

hsa-miR-21 

Multiple scenarios in miRTar 

A web server for identifying miRNA targets for human 
 
http://mirtar.mbc.nctu.edu.tw  

miRTar 

38 BMC Bioinformatics, 2011 

http://mirtar.mbc.nctu.edu.tw/


one miRNA to one gene 

one miRNA to multiple genes 

multiple miRNAs to one gene 

multiple miRNAs to multiple ge 

miRNAs to KEGG pathway 

all miRNAs to genes 

Input mature miRNA sequence (FASTA) 

one miRNA to one gene 

one miRNA to multiple genes 

multiple miRNAs to one gene 

multiple miRNAs to multiple genes 

miRNAs to KEGG pathway 

all miRNAs to genes 

Input known miRNA name/accession 
GenBank 

cDNA and genomic alignment 

alternative splicing type calculation 

UniGene 

miRNA target prediction 

ASTD miRBase 

Knowledge base 

KEGG map 

Candidate map Gene enrichment analysis 

PITA 

RNAhybrid 

Full length mRNA 

5’ UTR 

CDS 

3’ UTR 

The system flow of miRTar 
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Multiple scenarios of miRTar 

• Single miRNA to single gene (1:1) 

• Single miRNA to multiple genes (1:N) 

• Multiple miRNAs to single gene (N:1) 

• Multiple miRNAs to multiple genes (N:M) 

– The miRNAs in one of the pathway 

– All miRNAs to one/multiple genes 

40 



The biological roles of miRNA in metabolic pathway 

• An interesting gene group will be targeted by a single miRNA 

• These genes will be involved in different metabolic pathway 

• Using gene enrichment analysis of metabolic pathway 

M
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w
ay

 Sort by P-Value 
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The biological roles of miR-21 in metabolic pathway 

• hsa-miR-21 might target in 5’UTR, CDS or 3’UTR of genes’ transcripts.  

hsa-miR-21 target genes  
in KEGG Map  

Focus on different target region 
 of the transcripts 
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Transcript I 

Transcript II 

Transcript III 

Transcript III will not be degraded ! 

B 

Transcript I 

Transcript II 

Transcript III 

All of the transcripts will be degraded ! 

miRNA 

A 

miRNA target on alternatively spliced exons 

• miRNA base pairing on the purple exon 

– Transcript I and II will degradation/translation 
inhibition 

– Transcript III will produce the protein product 

• miRNA base pairing on the green exon 
– None protein products will produce from the gene 

Assumption: one gene has three different transcripts  

miRNA protein miRNA target on mRNA 

p1 

p2 

p3 

p4 

p5 
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Dnmt3b will be regulated by hsa-miR-148a 

hsa-miR-148 indeed will base pairing on the transcripts 
of Dnmt3b 

Detailed information of Dnmt3b 

Which transcripts of Dnmt3b have miR-148 target sites 
Which protein function of Dnmt3b might be regulated by  miR-
148 

miR-148a base pairing on alternatively spliced exon 

The duplex structure  

Case study of miRNA:target duplex on alternatively spliced exon 

44 http://mirtar.mbc.nctu.edu.tw  

http://mirtar.mbc.nctu.edu.tw/


microRNA.org 
microRNA targets and expression 

http://www.microrna.org/microrna/home.do 
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miRanda 

• Target prediction: 

– miRNA-target complementarity (strong in 5’, 
weaker in 3’) 

– Refinement with binding free energy scores 

– Use conservation to increase signal to noise 
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hsa-miR-122 

47 



Expression profile - hsa-miR-122 
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MicroCosm 
Containing computationally predicted targets for microRNAs across many 
species 

http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/ 
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http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/
http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/
http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/
http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/


hsa-miR-122 

50 



Compare the miRTar with other tools 

Features miRTar 
DIANA 

microT/miRPath 
EIMMO miRU RNAhybrid STarMir RNA22 MMIA 

Species Human 
Human and 

mouse 

Vertebrates, 
nematode, 

fly 
Plants 

Human, 
nematodes, 

flies 
- 

Vertebrates, 
nematode, 

fly 
Human 

Possible 
relation 
between 
miRNA and 
gene group 

* 1 to 1 + + + - + + + - 

* 1 to N + 1 to All genes + - + + - + 

* N to 1 + - + - + + - - 

* N to M + - + - + + - + 

* All to M + All miRNAs to 1 + - - - - - 

* 1 to KEGG + + - - - - - - 

miRNA targets on 
alternatively splicing exon 

+ - - - - - - - 

miRNA targets from mRNA Full length 3'UTR 3'UTR Full length 3'UTR Full length Full length 3'UTR 

Known miRNAs miRBase V15 - miRBase V12 - - - - - 

Accessibility of target site + - - - - Sfold - - 

Conservation of target site + + + + - - - - 

Expression 
profile of 

miRNA - - - - - - - + 

Target - - + - - - - + 51 



Appendix: other miRNA resources 
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What can we do with miRNAs? 

• We can look for microRNA genes 
– Is it a novel miRNA or known miRNA?  miRBase 
– Where is my miRNA expressed?  microRNA.org 

• We can look for microRNA targets 
– Which miRNAs regulate my gene OR  
     genes are regulated by my miRNAs? 

• Known: miRTarBase  
• Predicted: miRNAMap, microRNA.org, MicroCosm, 
                       miRTar,and TargetScan 

– Are there any common pathways affected by the same 
miRNA? miRTar 

53 



Thanks for your attention 
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Useful resource for miRNA research  

miRNA database 

miRBase http://www.mirbase.org/ 

miRNAMap http://miRNAMap.mbc.nctu.edu.tw/ 

miRTarBase http://miRTarBase.mbc.nctu.edu.tw/ 

miRNA target prediction tools 

TargetScan http://www.targetscan.org/  

miRTar http://mirtar.mbc.nctu.edu.tw  

microRNA.org http://www.microrna.org/microrna/home.do 

Microcosm http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/ 

RNA secondary structure folding tools 

mfold http://mfold.rna.albany.edu/?q=mfold/RNA-Folding-Form 

RNAfold http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi 

Example of this class 

Example http://mirtarbase.mbc.nctu.edu.tw/example.txt  55 

http://www.mirbase.org/
http://mirnamap.mbc.nctu.edu.tw/
http://mirnamap.mbc.nctu.edu.tw/
http://www.targetscan.org/
http://mirtar.mbc.nctu.edu.tw/
http://www.microrna.org/microrna/home.do
http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/
http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/
http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/
http://mfold.rna.albany.edu/?q=mfold/RNA-Folding-Form
http://mfold.rna.albany.edu/?q=mfold/RNA-Folding-Form
http://mfold.rna.albany.edu/?q=mfold/RNA-Folding-Form
http://mfold.rna.albany.edu/?q=mfold/RNA-Folding-Form
http://mfold.rna.albany.edu/?q=mfold/RNA-Folding-Form
http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi
http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi
http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi
http://mirtarbase.mbc.nctu.edu.tw/example.txt


Nearest-neighbor method 

• nearest-neighbor model treats a DNA helix as 
a string of interactions between 'neighboring' 
base pairs. Nearest-neighbor parameters for 

DNA/DNA duplexes in 1 M NaCl. 

ΔG°37(predicted) = ΔG°37(CG initiation) + 
ΔG°37(CG/GC) + ΔG°37(GT/CA) + ΔG°37(TT/AA) + 
ΔG°37(TG/AC) + ΔG°37(GA/CT) + ΔG°37(AT initiation) 

56 

SPS: 


