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Abstract— MicroRNAs (miRNAs), are a class of approximately 22 nucleotide long non coding RNAs which play critical role in different 
biological processes. The mature microRNA is usually 19–27 nucleotides long and is derived from a bigger precursor that folds into an 
flawed stem-loop structure which are involve in many cellular process that encompass development, proliferation, stress response, 
apoptosis, fat metabolism by gene regulation. Resent finding reveal that certain viruses encode their own miRNA that processed by cellular 
RNAi machinery. In recent research indicates that cellular microRNA can target the genetic material of invading viruses were reported. 
Cellular miRNA can be used in virus life cycle; either to up regulate or down regulate viral gene expression. Computational tools utilize in 
miRNA target prediction has been changing drastically in recently. Where many of them are available on the web and can be used by 
researcher and scientist without of bioinformatics.  The development genomes analysis technologies recorded during the previous decade 
has tremendously cleared the biology of miRNA. In this study nucleotide sequences of long (23343512) and short segments (23343509) 
sequences of Lassa viruses; L and S segment; composing the genome of Lassa virus which naturally affect human were analyzed using 
VMir analyzer program (computational approach) to predict the counter  human cellular miRNAs candidates targeting viral genome. The 50 
nt minimum hairpin size, 90 nt maximum hairpin size and 50 minimum hairpin score were used for the filter of sequence, as well as pairing 
energy less than 10 kcal/mol was utilize as cutoff score. The results of RNA hybrid were categories in terms of pairing energy (minimum 
free energy) and hybridization pattern. Four types of hybridization patterns were obtain from RNA hybrid analysis. According to L segment 
analysis, 34 potent miRNA divided into three groups, subsequently, hsa-miR-608, hsa-miR-3692-5p, hsa-miR-557, hsa-miR-1273d, hsa-
miR-136-5p and hsa-miR-3164 are selected as potential human cellular miRNAs. From the miRBase database 16 potential miRNA were 
predicted as potential miRNA targeting S segment, therefore, hsa-miR-4691-5p, hsa-miR-581 and hsa-miR-622 were selected as potential 
human cellular miRNAs on the basis of pairing energy. The results suggested that microRNAs from MD30, MR19 and MR30 as well as 
MD15 and MR1 from L segment and S segment, respectively, might be best candidate to targeting human cellular miRNAs. 

Index Terms— MicroRNAs, Lassa virus, Computational tools, Gene regulation, Databases, RNAi, RNA hybrid. 
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1 INTRODUCTION                                                                     
ICRORNA are small non coding RNAs with ~21-23 nu-
cleotide, length have important roles in diverse biologi-
cal process that encompass development, apoptosis, 

tumerogenesis, proliferation, stress response and fat metabo-
lism [1, 2, 3]. Field of microRNA biology emerged with the 
discovery of that C. elagans lin4 gene product, a ~22 nt 
noncoding RNA (ncRNA), regulates the expression of lin14 by 
partial sequence complementarity [3, 4, 5]. The microRNA is 
transcribed originally in nucleus as hundred to thousand nu-
cleotides with hairpin structure, called primary miRNA (pri-
miRNA), which are generated by RNA polymerase II in all 
eukaryotes or by RNA polymerase III in some viruses [6, 7]. 
Primary miRNAs are cropped and trimmed to 60 to 100 nu-
cleotide with a stem loop structure called precursor miRNA 
(pre-miRNA) that are processed in the nucleus by the RNase 
type III Drosa [8]. 
These pre miRNAs are exported to the cytoplasm by exportin 
5 to be secondarily processed into miRNA duplexes by the 
RNase type III Dicer (Figure 1). The dicer removes the loop 
region of the hairpin and release the ~22 nucleotide mature 
miRNA duplex [9, 10] which are involved in many cellular 
process including post transcriptional gene silencing and inhi-
bition of infected viral replication. It discovered those viruses 
that are capable to produce high level of miRNA. The result-
ing miRNA duplex assembles with RNA-induced silencing 
complex (RISC) [11, 43, 44]. The one of the miRNA strand 

called “passenger” is removed by a helicase activity, while the 
“guide” miRNA is guided to the target mRNA to either de-
grade or block translation. Therefore miRNA play important 
role in the gene regulation and expression in terms of gene 
silencing. 

 
Fig. 1. Systamatic diagram of the restriction on virus replication imposed 
by host cell microRNA response. 
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Human miRNA implicated in many cellular processes such as 
cell proliferation, apoptosis, angiogenesis and homeostasis 
[13]. Many research described that miRNA play a critical role 
of great magnitude in regulation of virus infection and inter-
play between virus and host cell response [14]. Some finding 
showed viral genomes encoded miRNAs sequences  from 
DNA and RNA viruses including Epistein-Barr-Virus [15], 
Herpies viruses [16], Simian virus 40 [17] and Human Immu-
nodeficiency virus-1 [18]. Host miRNA can also target (up or 
down regulation) viral gene and involve with the replication 
of many incoming viruses such as vesicular stomatitis viruses 
[19], primate foamy virus type 1 [20], and Hepatitis C virus 
[21]. 
Lassa fever is an acute viral zoonotic illness caused by Lassa 
virus, a member of the Arenaviridae family and responsible 
for a severe hemorrhagic fever characterized by fever, sour 
throat, muscular pain and nausea [22]. Its first discovery in 
1969 was in West Africa where it is endemic. There are estima-
tions of 300,000 to 500,000 cases of Lassa fever annually [23-29] 
with a mortality rate if 15-20% for hospitalized patient. Higher 
mortality rates recorded 50% and 90% during epidemic and 
90% were epidemics and in third month pregnancy respictive-
ly [30, 31]. Lassa virus has negative ambisense organization 
(two viral genes separated by an intergenic region), bis-
egmented, single stranded (ssRNA) genome designated the 
(small, ~3.4 kb) & L large, ~7.2 kb) segments [32, 33]. This 
study aimed at prediction of human cellular microRNA target-
ing both segments of the genome of Lassa virus. This might be 
useful to understand the host defense mechanism in term of 
regulating Lassa fever infection. 

2 MATERIAL AND METHOD 
2.1 Retrieval of sequence 
Nucleotide sequences L segment (23343512) and S segment 
(23343509) sequence of Lassa viruses were downloaded from 
NCBI database (http://www.ncbi.nlm.nih.gov/) to be used 
during the present study. 

2.2 Lassa virus miRNA Hairpins sequences prediction 
The L and S segments were scanned for hairpin structured 
microRNA precursor by using VMir analyzer program [34, 
35]. VMir is an ab initio prediction program which was de-
signed specifically to identify pre miRNA in viral genome. For 
cutoff value 50nt minimum hairpin size, 90nt maximum hair-
pin size and 50 minimum hairpin score were used for the filter 
of sequence. The scanned hairpins were visualized in VMir 
viewer. 

2.3 Human miRNAs sequences prediction 
Human miRNA sequences are available in the miRBase data-
base (http://www.mirbase.org) [36-39]. This is dependent on 
the average length of microRNA (~22bp), Nucleotide seg-
ments of Lassa virus were scanned with VMir program. Then 
every Hairpin segment (70nt) was input and circumspectly 
examined for nucleotide similarity with all human microRNA 
by using SSEARCH program in a search tool of the miRBase 
database (www.mirbase.org/search.shtml).  According to the 
principal each of the input viral Hairpin segments was align 

with all of the microRNA in the miRBase then the highly simi-
lar were identified as target miRNA. The mature duplex mi-
croRNA consists of two stand of microRNA that is comple-
mentary to each other. The complementary strand of the target 
microRNA might be complementary to the input viral se-
quence hybridization between the viral gene fragments and 
complementary template of the potential miRNA was further 
analyzed by RNA hybrid [40] 

2.4 Hybridization prediction between target miRNA and 
viral miRNA 

Energetically most favorable hybridization between target 
microRNA and viral RNA was predicted by the RNA hybrid 
tool (http://bibiserv.techfak.uni-bielefeld.de/rnahybrid) [40]. 
The results of RNA hybrid were categories in terms of pairing 
energy (minimum free energy) and hybridization pattern Four 
types of hybridization patterns were obtain from RNA hybrid 
analysis including 5’ canonical, 3’ compensatory, 5’seed and 
ineffective hybridization. 

2.5 Criteria for selection of potent miRNA 
According to the microRNA target prediction principle 

which requires the sufficient base pairing between the miRNA 
and target mRNAs that can be classified into 5’ canonical 
3’compensatory, 5’ seed and in effective hybridization [41].  5’ 
dominant classes of target sites can be divided into 2 subtypes: 
5’ seed and 5’ canonical both indicate the effective base pairing 
within 2nd to 8th position from the 5’ end of miRNA. For 3’ 
compensatory pattern, the candidate miRNA should show 
half sequence from middle to 3’ end of miRNA that will per-
fectly match with miRNA. Pairing energy or minimum free 
energy (mef) indicating the stability of the hybridization. For 
the selection of potential miRNA the pairing energy at -10 
kcal/mol was utilize as cutoff score. The miRNA targeting   
HIV genes with effective hybridization pattern (5’ canonical, 3’ 
compensatory, 5’seed) and minimum free energy less than -10 
kcal/mol were selected as potential miRNA. 

2.6 Prediction of secondary structure of miRNA 
precursor 

The RNAfold web server (http://rna.tbi.univie.ac.at/cgi-
bin/RNAfold.cgi) was used to predict the secondary structure 
of pre-miRNA [42]. Default parameters were employed.  This 
program to be used predicts the most stable secondary struc-
ture of both the L and S segment Hairpin sequences. The se-
quence applied for prediction analysis included pre-miRNA 
about 200 bp upstream and about 100 bp downstream flank-
ing sequences at each end of the precursor. In all cases, folding 
structures with minimal free energy were depicted. 

3 RESULT AND DISCUSSION 
3.1 Prediction of miRNA hairpin 

VMir viewer program is used to visualize the result of 
VMir analyzer of the programes in graphical manner with 
sequence length and score. The resulting graph for L and S 
segment are shown in Figure 2. 105 sequences with potential 
hairpin like structure were extracted from L segment and 41 
from S segment of Lassa virus. 24 potential hairpin from L 
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segment and 14 from S segment were selected for further 
analysis. 

 

Fig. 2. Systamatic dia Graphical representation of VMir 
result for Long (A) Short (B) segment. 
 

3.2 Specific miRNA targeting L segment 
Strand of target miRNA was further predicted by the RNA 
hybrid. According to the result of pairing energy and hybridi-
zation pattern between mature human miRNA and their tar-
get viral gene. 34 miRNA were identified as potential mi-
croRNA targets in L segment of Lassa virus. Table 1 demon-
strate the details of the pairing energy between cellular miR-
NA and their target viral gene with hybridization pattern 
these potent miRNA can be divided into three groups accord-
ing to their hybridization pattern including 5’ canonical (21 
miRNA) 5’seed (6 miRNA) and 3’ compensatory (7 miRNA). 
Hsa-miR-608, hsa-miR-3692-5p, hsa-miR-557, hsa-miR-1273d, 
hsa-miR-136-5p and hsa-miR-3164 are selected as potential 
human cellular miRNAs. 

3.3 Specific miRNA targeting S segment 
Table 2 illustrates the result of hybridization pattern and pair-
ing energy between potential cellular microRNA and their 
target viral gene of S segment. From the miRBase database 16 
potential miRNA were predicted as potential miRNA target-
ing. Here 11, 3 and 2 mircoRNA viral gene with 5’ canonical, 
3’ compensatory and 5’ seed hybridization pattern found, re-
spectively. Hsa-miR-4691-5p, hsa-miR-581 and hsa-miR-622 
are selected as potential human cellular miRNAs on the basis 
of pairing energy. 

3.4 Prediction of secondary structure of miRNA 
precursor 

RNAfold web server was used to predict the secondary struc-
ture of selected potential hairpin sequences. These potential  

 

TABLE 1 
Predicted potential cellular miRNAs targeting Long segment of 
Lassa virus. 

 

 
TABLE 2 

Predicted potential cellular miRNAs targeting Short segment of 
Lassa virus. 

 

 

 

Fig 3: Predicted secondary structure of miRNA precursor for 
Long (A, B, C) and Short (D, E) segment. 

 
hairpins are chosen on the basis of both VMir score and pre-
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dicted miRNA hybridization score. MD30, MR10, and MR30 
were used to predict secondary structure which characterized 
by -17.50 kcal/mol, -15.40 kcal/mol and -15.10 kcal/mol min-
imum free energy respectively. The secondary structure of 
MD15 and MR1 hairpins are predicted which characterized by 
-20.30 kcal/mol and -16.00 kcal/mol minimum free energy 
respectively (Figure 3). 

4 CONCLUSION 
By using computational approaches we predict the candidate 
potential cellular miRNA targeting the L and S segments of 
Lassa virus. The result suggested that microRNAs from MD30, 
MR19 and MR30 from L segment and MD15 and MR1 from S 
segment might be best candidate to targeting human cellular 
miRNAs. It reveals that these microRNAs may have a poten-
tial for inhibition of viral replication by silencing the function 
of respected protein. However, further in vitro study should 
be performed in order to assess the inhibition influence on 
viral replication by the effect of selected human cellular miR-
NAs. 
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