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Key Steps in miRNA Biogenesis (Cullen BR., 2004) 

MicroRNA Biogenesis 

MicroRNAs (miRNAs) are important genetic 
regulators of development, differentiation,  
growth, and metabolism 
 

The mammalian genome encodes ≈500 known 
miRNA genes 
 
Approximately 50% are expressed from non-
protein-coding transcripts, whereas the rest are 
located mostly in the introns of coding genes 2 
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Oncomir: miRNA functions as a tumor suppressor 
or an oncogene 
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Transcriptional regulation 
of miRNAs 
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Identifying miRNA targets 

Bioinformatics Research in MicroRNA 
Regulation: Databases and Tools 

miRNA gene ------> pri-miRNA -> pre-miRNA 
-> miRNA ----down-regulation-----> target genes  

transcription 



Bioinformatics Resources  
for MicroRNA Research 
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• Gene prediction and annotation: 

– Identification of miRNA genes (intergenic and intragenic miRNAs)     

– miRNAMap (NAR, 2006, 2008), miRExpress (BMC Bioinformatics, 2009) 

– Comparative analysis of miRNAs      

– RNALogo (NAR, 2009) 

• Functions of miRNAs:  

– Identification of miRNA targets      

– miRNAMap (NAR, 2006, 2008), miRTarBase (NAR, 2011), miRTar (BMC 
Bioinformatics, 2011) and ViTa (NAR, 2009) 

– Tumor suppressors or oncogenes 

• Regulation of miRNAs: 

– Transcriptional regulation of miRNA 

– miRStart (NAR, 2011) 

– Expression profiles of miRNAs  

– miRExpress (BMC Bioinformatics, 2009) 



miRNA/small RNA Resources 

miRNAs/miRNA 
precursors 

miRNA databases: miRNAMap, ViTa  

miRNA-target interaction database: miRTarBase 

Tools for identifying miRNA-target interactions: miRTar, miRExpress 

miRNA-target 
Interactions 

Promoters of miRNAs: miRStart 

Tools for RNA analysis: RNALogo, RegRNA, sRNAMap, RNAMST, RiboSW 
 



Tools for identifying miRNA 
targets 
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Computational 
identification of 
miRNA targets 
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miRanda 

• microRNA sequences (in 2003) (Genome Biol. 5, R1, 
2003) 
– miRBase 
– 73 unique miRNA sequences 

• 3’UTR sequences 
– BDGP (Berkeley Drosophila Genome Project) 

• Looking for high-complementarity regions on the 
3’UTRs. 
– dynamic programming algorithm 

• Evaluate thermodynamic of potential binding sites 
– Vienna RNA folding package 
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miRanda - Algorithms 
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miRTar provides multiple functions for 
identifying miRNA-target interactions 

• 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:N) 

miRNA-target interactions 



has-miR-34a; has-
miR-34a*; has-miR-
34b; … 

BCL2; CCNE2; MET; 
CDK4; NOTCH1;SIRT1 

Input 

a group of genes  miRNA(s) 

miRNA target prediction 

miRNA 

mir-122 

mir-212 

… 

Gene group 

G6PD 

BRCA1 

SOX4 

… 

Possible relation between miRNA and gene group 

The pathway of the target gene 

miRNA target gene info. and structure 

Target gene and AS analysis 

*AS: alternative splicing 

n miRNA vs. 1 gene 

1 miRNA vs. m genes /3’(5’)UTR|CDS 



… A C G U C G A 3’ 5’ 

… U G C A G C U … … 5’ 3’ 

miRNA (19 ~ 23 nts) 

Seed region  

Target site 

miRNA  - 

mRNA   - 

miRNA-target interactions (MTIs) 

miRNA-target 
Interactions 



miRTarBase 

a database curates 
experimentally validated 
miRNA-target interactions 
(NAR database issue, 2011)  

 

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

Western blotting Luciferase  assay 

pSILAC 

miRTarBase 

miR-196a 

HOXB8 

miR-125b 

Lin-28 

miR-122 

ADAM17 

miR-519c 

HUR 

1. By surveying literature  
2. To collect updated information of miRNA-

target interactions 
3.  4270 entries now, will be more than 10,000 

entries in 2013, expectedly 
4. Biggest collection now 
4. Discover miRNA-target interactions in mouse 

based on the extension of human miRNA-
target interaction (Evolutionary conservation)  

 



       

      1. Information of interaction networks 

      2. Location of miRNA target sites  

      3. Highlighted miRNA target sites 

      4. Description of miRNA and target gene  

      5. Literature link out 
 

 

       1. miRNAs 

       2. Target genes 

       3. Experimental methods 

       4. Cell line used in experiments 

 

     1. Reporter Assay 

      2. Western Blot 

      3. RT-PCR 

      4. Microarray 

      5. pSILAC 

miRTarBase 

 

Experimental validations of miRNA-

target interactions 

 

 

Manually survey literatures  

 

 

Presentation of miRNA-target interactions 

 

System flow of miRTarBase 



Comparison with other resources 
TarBase miRecords miR2Disease miRTarBase 

Number of 
records added 

Publications RNA (2006),  
Nucleic Acids 
Res. Database 
Issue (2009) 

Nucleic Acids 
Res. Database 
Issue (2009) 

Nucleic Acids Res. 
Database Issue 
(2009) 

NAR Database 
Issue  (2011) 

Release version V5 V1 

Last update 2008/6 2010/5/5 2010/06/02 2011/10/15 
Support species Metazoa x 6 

Viridiplantae 

Viruses 

Metazoa x 11 

Viruses x 2  
Human Metazoa x 8 

Viridiplantae x 3 

Viruses x 4 

Number of miRNAs 223 381* 179 657 + 276 
Number of target genes 1028 1058* 394 2297 + 1240 
Number of articles 155 410 430* 985 + 564 
Number of miRNA-target interactions 1264 1513* 635 3576 + 2063 
No. of miRNA-target interactions  
validated by "Luciferase reporter 
assay" 

305* 256 0 2017 + 1345 

No. of miRNA-target interactions  
validated by "Western blotting" 

27 290* 0 901 + 606 

No. of miRNA-target interactions 
validated by "Luciferase reporter assay 
AND Western blotting" 

25 123 0 711 + 588 

No. of miRNA-target interactions 
validated by "Luciferase reporter assay 
or Western blotting" 

307 636* 635 2207 + 1460 

No. of miRNA-target interactions 
validated by "pSILAC experiments" 

455 0 0 455 + 0 

No. of miRNA-target interactions 
validated by "Microarray experiments" 

343 380* 0 861 + 481 



Histogram of various features of experimental proven miRNA-
target sites 

Data were obtained from 
527 human miRNA-target 
interactions curated in 
miRTarBase 
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Next Generation Sequencing (NGS) in Functional Genomics 
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• Pipeline ready 

– RNA-seq 

– Small RNA-seq 

– ChIP-seq 

– Genome sequencing 

– Human resequencing 

– DNA methylation 
sequencing 

• In developing 

– Amplicons sequencing  

– Metagenomics 
• Ribosomal RNAs 

sequencing only 

• Multiple genome 
sequencing 

 

 Figure from Briefings in Bioinformatics, 2010, Vol. 11, No.5, pp. 499-511 



Next-Generation Sequencing (NGS)  
- small RNA sequencing 

•Identification of miRNAs 

•miRNA expression profiling  

21 



An effective tool to generate 
miRNA Expression profiles 
from high-throughput  
sequencing data (BMC 
Bioinformatics, 2009) 
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Small RNA 
sample 

Illumina/Solexa 
sequencing  

Sequence reads 

miRBase 

Known miRNAs 

miRExpress 

Next-generation Sequencing Technology  
(Elaine R. Mardis 2008) 

a.    High-throughput 
b.    Sequencing short sequences 
c.    Inexpensive 
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Morin, R.D., et al., Application of massively parallel sequencing to microRNA profiling and discovery in human 

embryonic stem cells. Genome Res, 2008. 18(4): p. 610-21. 

The example of next-generation 
sequencing (NGS) for miRNAs 



24 

TGACAGAAGAAAGAGAGCACTCGTATGCCGTCTT 

TGACAGAAGAAAGAGAGCACCTTCGTATGCCGTC 

TCGTATGCCGTCTTCTGCTTGTCTTACCCCGTCT 

TGACAGAAGTCGTATGCCGTCTTCTGCTTGAAAG 

Read 1 

Read 2 

Read 3 

Read 4 

Solexa reads with adaptor 

Removing adaptors 

TGACAGAAGAAAGAGAGCACTCGTATGCCGTCTT 

TGACAGAAGAAAGAGAGCACCTTCGTATGCCGTC 

TCGTATGCCGTCTTCTGCTTGTCTTACCCCGTCT 

TGACAGAAGTCGTATGCCGTCTTCTGCTTGAAAG 

Read 1 

Read 2 

Read 3 

Read 4 

Adaptor sequence may appear in the start 
or end or middle of Solexa reads 

TGACAGAAGAAAGAGAGCAC 

TGACAGAAGAAAGAGAGCACC 

TCTTACCCCGTCT 

Read 1 

Read 2 

Read 3 

Solexa reads   without adaptor  

Distribution of solexa read 
number and count 
according to read length 

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

Each reads are aligned to known miRNAs 

Each reads align with all known miRNAs 
and is assigned to the highest alignment 
score miRNA 

..AAAAUGUUGACAGAAGAAAGAGAGCACAACCUGG.. ath-miR156h 

TGACAGAAGAAAGAGAGCAC 

TGACAGAATAAAGAGAGCAC 

TGACAGCAGAAAGAGAGCAC 

Reads 1 

Reads 3 

Reads 2 

Each known miRNA compute total solexa 
reads counts and build miRNA expression 
profile  

miRNA expression profile 
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Discovery of novel miRNAs in Human 

Step 1 

To cluster sequencing reads which can’t be mapped to known miRNAs 

Constraints of miRNAs 

Step 2 
To map sequencing read to genome and to extract its flanking upstream and 
downstream 

100 bp 100 bp 

Step 3 

To fold the RNA secondary structure of the candidate  
     [mfold]  
To observe the conservation of the RNA secondary structure  
     [UCSC genome browser, RNALogo] 



Transcriptional regulation of miRNA genes 



miRStart: An experimental-based 
resource defines transcriptional 
start sites of human microRNAs 
(Nucleic Acids Research, 2011) 
 

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

 

Deciphering transcriptional regulation of miRNAs 



An example 
5-fold cross-validation: 
Sensitivity = 90.36%, Specificity = 90.05%, Accuracy = 90.21% 
and Precision = 90.08%, using promoters of protein-coding genes 
as training data 
The human miRNA let-7a-1 demonstrates a good example of TSS 
identification. TSS: 96928529 
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Using NGS for analyzing small non-coding RNAs 

30 

1 

2 

4 

3 

2 

1 

3 
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Identifying TFs which regulate miRNAs 

Profiling miRNA expression 

Identifying miRNA target interaction 

mRNA expression 

Small RNA NGS sequencing  

Chip (chromatin immunoprecipitation)-seq 

CLIP (crosslinking immunoprecipitation)-seq 

RNA-seq 

Degradome-seq 

5 

5 DNA methylation 

BS (bisulfate)-seq 

MeDIP (methylated DNA immunoprecipitation )-seq  

MBD (methyl-binding protein )-seq 



An example of  
utilizing our miRNA databases and tools 

Investigation roles of miR-122a in human hepatocellular 

carcinoma (HCC) 

 

 

 

 

Collaborations with Prof. A.P. Tsou, 
National Yang Ming University 

SCI Citations ~ 80 
Highly-cited paper selected by 
Essential Science Indicator 

W.C. Tsai et al. (2009) “MicoRNA-122, a 
tumor suppressor microRNA that regulates 
intra-hepatic metastasis of hepatocellular 
carcinoma” Hepatology, Vol. 49, No. 5, pp. 
1571-1582. (SCI IF=10.885, Rank = 2/72, 
GASTROENTEROLOGY & HEPATOLOGY) 
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Identifying miR-122 targets in human 
hepatocellular carcinoma 

• miR-122 is liver-specific and down-regulated in HCC 
• As a tumor suppressor microRNA 
• Genes, which are potentially down-regulated by miR-122, were 

derived from HCC microarray and AntigomiR-122 microarray 
experiments 
– Hepatocellular carcinoma (HCC) microarray - 3353 up-regulated 

genes in liver cancer. (1.5 fold change)   human 
– AntigomiR-122 microarray – 8859 genes up-regulated genes 

when silencing mmu-mir-122. (1.5 fold change)   mouse 
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• miR-122 is liver-specific and down-
regulated in HCC 
•As a tumor suppressor miRNA 



34 

Candidate target genes 
of miR-122.  
Relative gene expression 
detected in the microarray 
assays is shown as mean 
ratios of T3/T1 for HCC 
samples and an/c for mice 
treated with antagomiR-
122 (an) compared to 
control mm-antagomiR122 
(c). 
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Confirmation of miR-122 target genes. A, The 3’UTR reporter assay. Putative miR-122 

binding sites in the 3’UTR of the predicted target genes were sublconed downstream of the 

luciferase gene in pGL3-Control vector. Target reporter assay was carried out in 293T cells 

overexpressing miR-122 from lenti-122 virus infection (293T-122).  

Overexpression of miR-122  

35/45 (78%) miR-122 
target genes were 
confirmed by luciferase 
reporter assay. 
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Predictor 
Predictor 

Predictor 

Gene set for 

identification of 

miRNA-target 

interactions (MTIs)  

Selecting genes 

potentially 

regulated by 

miRNAs 

• More experimental data 

• Multi-dimensional data 

• Multiple screening criteria 

• Selecting genes by biologists’ 

knowledge 

• Smaller gene set 

Features of 

miRNA/target 

duplex 

Computational 

model for 

identifying MTIs 

• Species dependent 

• More positive samples 

• More reasonable negative samples 

• More effective biological features or 

properties 

Ways to achieve higher prediction specificity (lower false positive rate) 

Filtering based on multiple 

experimental data 

Computational Biology 
(Machine Learning methods) 

A set of miRNAs 

Selecting 

miRNAs of 

interest 

Filtering based on multiple 

experimental data 

• More specific miRNAs 

• More experimental data 

• Selecting miRNAs by biologists’ 

knowledge 

Strategies to achieve both high sensitivity and high specificity 



Thank you for your attention!! 

http://www.cc.nctu.edu.tw/~bryan 
 
Or Google Search by “Hsien-Da Huang” 

http://www.cc.nctu.edu.tw/~bryan

