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Topics 

• First part is about “what is a microRNA?” 

• Second part is about discovery of  
microRNAs and their “targets” 

• Third part is about a tool developed “in-
house” applied to a real case study 



RNA Types  



Ra6o of Non‐Protein‐Coding DNA to  
Protein‐Coding DNA During Evolu6on 

Mattick (2004) Nature Reviews Genetics 5: 316-323. 

Bacteria 

Vertebrates 

Plants 



microRNAs play important roles 

•  "I think that virtually every gene, at some
 point in the growth and development of the
 animal, is going to be found to be influenced
 by microRNAs.” 

David P. Bartel  (1k cita(ons/year in last 10y) 



Small RNAs play important roles 

2006. The Nobel Prize in Physiology or 
Medicine to 
Andrew Z. Fire and Craig C. Mello 
for their discovery of  
"RNA interference – gene silencing by 
double-stranded RNA" 

1993. discovery of first non-coding gene. 
Mechanism not understood  

1962. The Nobel Prize in Physiology or 
Medicine to Watson, Crick and Wilkins for their 
discovery of the molecular structure of DNA 



Genomic Organiza6on of 
miRNA Genes 

Zhao Y, Srivastava D, TIBS 32:189,2007 



Filipowicz (2008) Nature Review Genetics 9:102-112. 

Biogenesis of
 microRNAs 

Pri-miRNA 

Pre-miRNA 

Mature-miRNA ~22nt 

Nucleus 

mRNA 
degradation 

mRNA 
translational 
repression 

Cytoplasm 



miRNAs Affect Everything

© Frank Slack frank.slack@yale.edu 

miRNAs control cell cycle, cell differen6a6on 
and apoptosis by regula6ng oncogenes and 
tumor suppressor genes 



miRNAs Involved in Many 
Diseases

© George Calin 



miRNAs as Cancer Diagnostics

© George Calin 

miRNAs are mis-expressed in cancer and are therefore 
excellent diagnostic/prognostic markers 



miRNA therapeu6cs 

Some miRNAs e.g. mir‐155, can cause 
cancer and oncogenic miRNAs may be 
therapeu(c targets in cancer  

Other miRNAs like let‐7, may prevent 
cancer and may be therapeu(c 
molecules themselves. 

MicroRNAs could augment current 
cancer therapies. 

Focused on miRNA-
directed oncology 
therapies 



miRBase 18 – November 2011 

Differences can be due to: 
•  biological reasons 
•  lack of experimental evidences 



So far, I learned … 

•  …what miRNAs are 
•  …that miRNAs have important roles 

•  …that miRNAs regulate gene expression by 
binding to the mRNA of the target genes 

Next: How to find miRNAs and their targets 



How to find miRNAs? 

•  Experimental methods 

•  Computa6onally: 
–  look for evolu6onarily conserved sequences 
– check if some of these fold well into the stem‐loop 
structure (“hairpins”) associated with miRNAs  



Sequence conserva6on 
between C. elegans and 
Homo sapiens miRNAs 

Lim (2003) Genes & Dev. 17: 991-1008 



miRNA precursors form 
stem‐loop structure 

Lim (2003) Genes & Dev. 17: 991-1008 



How to find  
microRNA targets? 

– MicroRNA target sites are located in 3’ UTRs 

– The target site is short (7‐8nt) 

–  If we allow G‐U pairs, mismatches,  gaps (bulges),  we
 will find a lot false posi6ves 

•  How to remove the false posi6ves? 



How to make more  
accurate predic6ons 

–  Incorpora6ng mRNA UTR structure to predict site
 accessibility 

mRNA UTR 

– Conserva6on of the target
 site ‐ if a region has a
 func(onal role should be
 conserved 



Summary of part 2 

•  Learned how to iden6fy miRNAs 

•  and how the miRNA target genes can be 
predicted computa6onally 

Next: A tool for mRNA-microRNA analysis 



Finding microRNA 
targets 

We run the script (embarrassingly parallel) at each release of miRBase (twice/year). 
The last run generated ~1.5 million of poten6al miRNA‐microRNA interac6ons 

Only a few hundreds of interac6ons are currently known (from experiments) 

Energy score 

Seed / mismatches 

A modified version of 
the original PITA script 
(Nat Gen 2007): 
+ run locally 
+ includes site accessibility 
- slow (perl) 

Check whether the predicted 
binding site is conserved 

Filter for target site 
conservation 



Improving target predic6ons 
using expression data 

Expression data 

Target 
predictions 

Correlation 
matrix 

+ 

mRNA-miR 
adjac matrix 

mRNA miR 

The methodology has been 
implemented as R package  
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Package workflow 

Expression data 

Target 
predictions 

Correlation 
matrix 

+ 

mRNA-miR 
adjac matrix 

mRNA miR 
Is my miR ‘working’? 
Report with statistical evaluation 
of individual miR 

Questions 

The methodology has been 
implemented as R package  
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Is my miR ‘working’? 

Rank  miR  # targets  # DE targets  P‐value 

1  mmu‐miR‐26a  618  69  3e‐04 

2  mmu‐miR‐142‐3p  225  11  7e‐04 

3  mmu‐miR‐101a*  661  26  0.0045 

…  …  …  …  … 

Ex: mmu-miR-26a 
Expression of individual replicates Does miR affect target 

gene expression ? 

1 

P-value is based on the 
number of random 
permutations with avg miR-
target correlation lower than 
the observed value 



Is my miR ‘working’? 

Rank  miR  # targets  # DE targets  P‐value 

1  mmu‐miR‐26a  618  69  3e‐04 

2  mmu‐miR‐142‐3p  225  11  7e‐04 

3  mmu‐miR‐101a*  661  26  0.0045 

…  …  …  …  … 

1 

2 

Probeset EntrezID GeneSymbol miR‐PCC 
10435714 67846 Tmem39a ‐0.95 
10423577 67154 Mtdh ‐0.94 
10443527 18712 Pim1 ‐0.93 
10416290 72549 Reep4 ‐0.92 
10459481 70361 Lman1 ‐0.91 

… … … … 

Statistical evaluation of individual miRNAs is 
summarized in an interactive HTML report  



Package workflow 

Expression data 

Target 
predictions 

Correlation 
matrix 

+ 

mRNA-miR 
adjac matrix 

mRNA miR 
Is my miR ‘working’? 
Report with statistical evaluation 
of individual miR 

Which pathways are 
associated to miR expression? 
mirR Functional Maps 

Questions 

The methodology has been 
implemented as R package  
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Package workflow 

Expression data 

Target 
predictions 

Correlation 
matrix 

+ 

mRNA-miR 
adjac matrix 

mRNA miR 
Is my miR ‘working’? 
Report with statistical evaluation 
of individual miR 

Which pathways are 
associated to miR expression? 
mirR Functional Maps 

Do miRs cooperate in 
regulating gene expression? 
miR Regulatory Modules 

Questions 

The methodology has been 
implemented as R package  
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Summarizing miRNA‐target 
interac6ons 

miR Functional Map 
Allows for functional analysis of 

miRNA-mRNA interaction 

miR Regulatory Modules 
Allows for the identification of 

miRNA-miRNA synergistic 
interactions at a system-wide level 

miRNAs UP miRNAs DOWN 

Pa
th
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Case study 

Confidential information 
Unpublished results 



Toward a system view 

Biclique 

miRNA-synergism 

miRNA 
Target 



Toward a system view 

Biclique 

miRNA-synergism 

Community 

miRNA 
Target 



Keeping updated… 



Thank you for your 
attention 


