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ABSTRACT 
 

MicroRNAs (miRNAs) and small-interfering RNAs (siRNAs) are small non-coding RNAs that play 
important regulatory roles in animals and plants. The primary sequences of 9164 miRNAs and 14238 siRNAs 
were analyzed to determine the occurrence of each nucleotide in specific positions of the sequences. The 
results show that there are positions in which the composition is not completely random. In general the 
nucleotide cytosine is underrepresented in both miRNA and siRNA sequences, while the nucleotides uracil and 
adenine are overrepresented in miRNAs and siRNAs, respectively. Possible implications between these 
findings and the biological functions of small non-coding RNAs are discussed. 
© 2011 International Formulae Group. All rights reserved. 
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INTRODUCTION 

MicroRNAs (miRNAs) and small-
interfering RNAs (siRNAs) are small non-
coding RNAs, about 21- to 23-nucleotide 
long, that play important regulatory roles in 
animals and plants by targeting mRNAs for 
cleavage or translational repression. Many 
studies have been done to unravel the 
structure and the mechanism by which 
siRNAs and miRNAs function, but the overall 
mechanism is not yet fully understood (Lee et 
al., 2004; Zeng, 2006; Rana, 2007; Bartel, 
2009; Yang and Yuan, 2009; Suzuki and 
Miyazono, 2011). Both siRNAs and miRNAs 
in the last stage of their mechanism assemble 
into an RNA-induced silencing complex 
(RISC), known respectively as siRISC and 
miRISC. siRISC silences the gene expression 

by recognizing, binding and cleaving the 
target RNA. Usually the cleavage occurs 
when the small RNA is a perfect match to the 
target RNA sequence. miRISC instead, 
recognizes and binds the target mRNA in an 
imperfect match. Translation is repressed but 
the target RNA is not cleaved. 

In this work we perform a statistical 
analysis of the residue composition of all the 
miRNA and siRNA sequences publically 
available through online databases. 
 
MATERIALS AND METHODS  

9164 miRNA and 14238 siRNA 
sequences were downloaded online 
respectively from miRBase 
(http://www.mirbase.org), (Griffiths-Jones 
2004; Griffiths-Jones et al., 2006; Griffiths-
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Jones et al. 2008) and siRecords database 
(http://sirecords.biolead.org), (Gong et al. 
2006; Rene et al.,  2006; Gong et al.,  2008; 
Rene et al., 2009). Only none identical 
sequences were retained. Occurrence of each 
residue A, C, G and U, at each position 1 to 
21 was determined. 
 
RESULTS AND DISCUSSION 

The composition of miRNA and siRNA 
primary sequences, available through online 
databases, was analyzed. The occurrence of 
each residue, A, C, G and U, at each position 
1 to 21 of the known miRNA and siRNA 
sequences was determined. The results are 
reported in figures 1 and 2, with a threshold at 
25% to better visualize deviations from 
random occurrence. The graphs show that 
there are positions in which the composition is 
not completely random. It is already known 
that the U residue is overrepresented at 5’ end 
(position 1) of mature miRNA sequences 
(Zeng, 2006; Bartel, 2009). We find indeed a 
58% probability for U residues to be 
represented in this position, while G residue is 
underrepresented with only 8% probability to 
be found at this position. Our analysis also 
shows that the U residue is overrepresented in 
position 9 with a 36% probability to be found 
at this position. The U residue is also slightly 
overrepresented from positions 11-21. The C 
residue is in general underrepresented with 
occurrence of less than 20% in several 
positions. The A residue is overrepresented at 
positions 2, 3, 5 and 7. Positions 6, 8 and 10 
present a random composition. In general 
miRNA sequences have an overrepresentation 
of U residues, while the C residue is 
underrepresented.   

For siRNAs the composition at 5’ end 
(position 1) is reversed compared to miRNA; 
indeed we find the G residue is 
overrepresented in position 1 with a 40% 
probability, while U is underrepresented with 
11% probability. The A residue is 

overrepresented in position 2, with 40% 
probability and slightly overrepresented in 
several positions. The U residue is 
underrepresented at the first four positions. 
Positions in the middle of the sequences 
present random compositions. In comparison 
with miRNA sequences we have an 
overrepresentation of A residues instead of U, 
while C residues are underrepresented in both 
siRNA and miRNA. These tendencies are 
more accentuated in the sequences of siRNAs 
with high activities (Figure 2b). siRNAs with 
high activities are defined in 
http://sirecords.biolead.org. 

To validate our statistical analysis we 
computer-generated 3200 random 22-
nucleotide RNA sequences and we applied to 
them the same statistical analysis as for the 
miRNA and siRNA sequences. The results are 
reported in Figure 3. As expected, Figure 3 
shows about 25% probability to find each 
residue at each position.  

It is known that the first nucleotide of 
small interfering RNA determines which 
strand is selected as the guide strand, while 
residues 2-8 are required to match the target 
mRNA to form a duplex. It is also known that 
siRNA requires A-form helical geometry at 
the cleavage site which is at position 10-11. In 
miRNA it is likely that bulges or other non-
helical elements are present at this site (Lee et 
al., 2004; Rana, 2007; Khvorova et al., 2003). 

The NMR solution structure of a model 
mimicking the interaction of let-7 miRNA 
with its complementary site (LCS 2) in the 3’ 
untranslated region (3’-UTR) of the lin-41 
mRNA has been determined by Cevec et al. 
(2008). The two stems regions of the complex 
are separated by an asymmetric internal loop 
that adopts a well-defined structure in which 
three uracils form a base triple. One of the 
uracils involved in the internal loop 
corresponds to the position 9 in miRNA 
sequence, where U is overrepresented (Figure 
1).
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Figure 1: Occurrence of A, C, G and U residues at positions 1 to 21 in miRNA. 
 
 
 
 
 

 
 

Figure 2A: Occurrence of A, C, G and U residues at positions 1 to 21 in siRNA. 
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Figure 2B: Occurrence of A, C, G and U residues at positions 1 to 21 in siRNA with high activities. 

 
 
 

 
 
Figure 3: Occurrence of A, C, G and U residues at positions 1 to 21 in randomly generated 21 long 
RNA. 
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We speculate that the higher presence 
of uracil in miRNA sequence, in particular at 
position 9, may be necessary to favor the 
formation of U-rich internal loop or bulges 
that abolish stacking in miRNA/ 
complementary site duplex, due to the fact 
that U is the nucleotide base with the lowest 
polarisability, and induce a bending of the 
stem around that position. The bending of the 
stem may be a structural requirement for one 
or more stages in miRNA gene-regulatory 
mechanism. 
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