
Set #	genes pvalue R2

extimate st.error extimate st.error extimate st.error extimate st.error

all genes 17277 <2.2e-16 0.671 -0.0003 0.0013 0.557 0.005 0.385 0.005 -0.05 0.01

<2.2e-16 0.6705 -0.002 0.0013 0.559 0.005 0.381 0.005 NC NC

<2.2e-16 0.5603 -0.005 0.0015 0.734 0.005 NC NC NC NC

selected genes 132 0.00068 0.1243 -0.48 0.03 -0.01 0.09 -0.41 0.13 -1.2 0.3

0.00019 0.1241 -0.47 0.02 NC NC -0.41 0.11 -1.1 0.3

0.022 0.039 -0.43 0.02 NC NC NC NC -0.9 0.18

0.06 0.043 -0.42 0.03 0.18 0.08 -0.05 0.07 NC NC
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Abstract 

MicroRNA genes (miRNAs) are small non-coding RNAs that regulate the 
expression levels of mRNAs post-transcriptionally. miRNAs are critical in many 
important biological processes, like development, and are important markers 
for many diseases. Identifying the targets of miRNAs is not an easy task. Recent 
development of high-throughput data collection methods for identification of 
all miRNA targets in a cell are promising, but they still depend on 
computational algorithms to identify the exact miRNA:mRNA interactions. We 
present a novel algorithm, ComiR (Combinatorial miRNA targeting), which 
addresses a more general question, that is, whether a given mRNA is targeted 
by a set of miRNAs. ComiR uses miRNA expression to improve the targeting 
models of four target prediction algorithms. Then it combines their predicted 
targets using a support vector machine. By applying ComiR to single nucleotide 
polymorphism (SNP) data, we identified a SNP that is likely to be causally 
associated to osteoporosis in women. The ComiR web tool is available at 
http://www.benoslab.pitt.edu/comir/. It generates custom predictions for 
H.sapiens, M.musculus, D.melanogaster and C.elegans species miRNAs. 

 

 

miRNAs belong to a class of short (18-25 nucleotide) non-coding RNAs that 
regulate gene expression post-transcriptionally. Their regulatory activity depends 
heavily on the recognition of target sites located primarily on the 3’-untranslated 
regions (3’UTRs) of messenger RNAs. The existing target prediction algorithms 
suffer from high false positive rates and poor overlap in their predictions. It is 
worth noting that existing algorithms only utilize site-specific features, ignoring 
factors like the relative expression of miRNAs that affects binding specificity and 
target combinatorial effects. When a miRNA is expressed at low levels it is 
expected to bind to only few, high affinity targets.  As miRNA expression is 
increased, and all high affinity targets are occupied, the remaining miRNA 
molecules can bind to suboptimal targets of moderate affinity. We believe that the 
1:1 stoichiometric binding model used by existing algorithms may be insufficient 
for the dynamic nature of real miRNA:mRNA interactions. Another drawback of 
most algorithms is that they only consider single miRNA:mRNA pairings, ignoring 
the fact that multiple miRNAs, each with a moderate effect, can collectively alter 
significantly the expression levels of a given mRNA.  

Results 

Introduction 

3 – ComiR: integration of multiple prediction 
algorithms and miRNA expression data   

 

Results 
 

1 – Evidence for additivity in miRNA targeting 

 

ComiR web tool (beta version) 

 

Number of downregulated genes as a result of single transfections and co-
transfection of let-7d and miR-30b into human fetal lung fibroblasts.  

 

 

 

 

 

 

 

 

 

 

let-7d	
miR-30b	
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198	 384	

325	

132	

144	

Regression Coefficient resulting from a backward elimination of coefficient in the model.  

Stepwise regression model:   FClm = I + 1 FCm + 2 FCl + 3 FCl * FCm 

 

2 – Incorporating miRNA expression improves 
prediction efficiency of multiple targets 
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5 – ComiR predicts that rs17737058 disrupts an 
interaction critical for bone mineral density 

 

4 – ComiR outperforms existing algorithms  

within and across species  
 

ROC curves for the performance of the Drosophila-trained ComiR on various 
datasets. Self-test on the Drosophila Ago1-IP dataset [1] consist of 142 
positive and negative examples (top left). External Drosophila Ago1-IP dataset 
consisting of positive and negative examples not used in training ComiR (top 
right). Sn vs. threshold on an external C. elegans AIN-IP dataset [2] (bottom 
left; not a proper ROC curve). Performance on an external human PAR-CLIP 
dataset [3] (bottom right). 

SNP scoring scheme using ComiR probabilities: 

DPComiR = PComiR(wt)×(PComiR(wt)- PComiR(SNP))

Overexpression of miR-488-5p. Western (left) and reporter assays (right) 
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Linkage disequilibrium in NCOA1 
reveals potential function SNP 
driving BMD association.  

Conclusions 

• The Fermi-Dirac model improves prediction efficiency and 
the overlap between target prediction algorithms. 

• ComiR incorporates miRNA expression and combines 
predictions of 4 tools. It outperforms existing algorithms in 
Drosophila, worm and human datasets.  

• ComiR score is very useful in predicting the effect of SNPs in 
miRNA targeting. 

• miR-488-5p regulates NCOA1 and SNP rs17737058 reduces 
this regulatory effect, a regulatory effect that is likely 
associate with osteoporosis. 
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ER pathway genes 9 

SNPs with MAF>10% 15 

SNP:miRNA pairs 28,815 

SNP:miRNA pairs w/ DPComiR>0.01 52 

Top scoring rs17737058 (NCOA1) : miR-488-5p 
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