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Abstract 
MicroRNAs (miRNAs) are small, noncoding RNA molecules that play important roles in the regula-
tion of gene expression of the cell. Recent studies have described cytoplasmic RNA virus genome- 
derived miRNAs. Moreover, miRNAs have also been encountered in the reverse strand of the viral 
mRNA, revealing the presence of miRNAs in replication intermediaries. In order to get insight into 
the possible role of Hepatitis C Virus (HCV) antigenome in relation to miRNA coding, we computa-
tionally identified potential miRNAs on the antigenome of HCV reference strain H77. By utilizing a 
series of bioinformatics tools, we identified a miRNA present in the antigenomeof HCV H77 strain. 
This miRNA maps in the 5’non-translated region (5’UTR) of the HCV genome and is found to be 
conserved among HCV genotypes and sub-types. In silico target prediction generated 17 cellular 
genes. These potential targets are involved in apoptosis as well as immune response pathways, 
suggesting that they could play a role in the pathogenesis caused by viral infection. The results of 
these studies revealed the presence of a viral miRNA in the negative-sense RNA strand used as a 
replication template for the HCV genome, as observed for other RNA viruses. 

 
Keywords 
Hepatitis C Virus, Antigenome, miRNA, MicroRNA 

 
 

1. Introduction 
Hepatitis C virus (HCV) is a positive-polarity, single-stranded RNA virus that belongs to the genus Hepacivirus 
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in the family Flaviviridae [1]. More than 130 million people worldwide are persistently infected by HCV and 
are at risk of developing severe liver disease and hepatocellular carcinoma [2] [3]. HCV has a genome of 9.6 kb 
in length flanked by two untranslated regions at the 5’ and 3’of the genome (5’-UTR and 3’-UTR). The virus 
encodes a single polyprotein precursor that is subsequently cleaved into at least 10 different proteins, including 
the structural core (C) and envelope (E1, E2, and p7) proteins as well as the nonstructural proteins (NS2, NS3, 
NS4A, NS4B, NS5A, and NS5B) [4]. HCV is classified into 7 genotypes, which are subdivided into 67 epide-
miologically diverse subtypes [5]. The main 7 HCV genotypes vary in their geographical distribution and their 
level of genetic diversity. HCV genetic variability has an important impact on disease epidemiology and clinical 
practice because the viral genotype may determine the pathogenesis and severity of the resultant chronic liver 
disease. In addition, there is a clear association between the HCV genotype and its susceptibility to antiviral 
treatment [6]. At this moment, there is no effective vaccine for the prevention and control of HCV infection. 

MicroRNAs (miRNAs) are genomically encoded, small noncoding RNA molecules, generally 18 to 22 base 
pairs in length, and play a crucial role in the regulation of gene expression [7] [8]. Several reports have shown 
that some plants, animals and viruses encode the miRNAs to regulate their diverse biological processes, includ-
ing development, apoptosis, tumorogenesis, proliferation, stress response, etc. [9]. miRNAs encoded by viruses 
are unique, since they regulate not only their own gene expression but also their host gene expression [10]. 

Genes encoding miRNAs are transcribed by RNA polymerase II and form transcripts as primary miRNAs. 
These primary miRNAs are processed by ribonuclease Drosha to produce precursor miRNAs, known as pre- 
miRNAs, which is exported into the cytoplasm and cleaved by the ribonuclease Dicer to produce mature, single 
stranded miRNAs [11]. Once synthesized, mature miRNA binds to two proteins, GW182 and Argonaute/EIF2C 
(AGO) family proteins and forms a complex called miRNA induced silencing complex (miRISC) and mediate 
the target mRNA recognition. miRNA regulation takes place at multiple steps, including their transcription, their 
processing by Drosha and Dicer, their loading onto AGO proteins and miRNA turnover [12]. 

The complementary between miRNAs and target mRNA triggers gene silencing by the mRNA degradation or 
translational repression of target mRNA [13]. 

There are three modes of hybridization pattern between miRNAs and their target sites including 5’canonical, 
5’seed and 3’compensatory hybridization. 5’canonical pattern shows at least seven nucleotides base-pairings at 
5’-end of miRNA at positions 2 to 8, which is known as the seed region and additional base-pairings at 3’-end. 
5’seed pattern also consists of seven nucleotides hybridization at positions 2 to 8 within the 5’-end but no 
base-pairing at the 3-end. 3’compensatory pattern consists of several base-pairings from the middle of the 3’-end 
of the miRNAs without base-pairing in the seed region [14]. 

To date, RNA virus-encoded miRNAs have been identified in Hepatitis C virus [15], Human Immunodefi-
ciency virus (HIV) [16], Bovine Leukemia virus (BLV) [17], West Nile virus (WNV) [18], Dengue virus(DENV) 
[19] and Middle East Respiratory Syndrome (MERS) coronavirus [20]. Very recent studies revealed that the an-
tigenome of another cytoplasmic RNA virus, Hepatitis A virus (HAV), could be processed into miRNA-like 
small RNAs by the cellular miRNA processing machinery, similar to virus genomes [21].  

In order to get insight into the possible roll of antigenomes of HCV in relation to miRNA coding, we compu-
tationally identified potential miRNAs on the antigenome of Hepatitis C virus (HCV) reference strain H77 (ge-
notype 1a, EMBL accession number: NC_004102). Our study may help to better understand host pathogen inte-
raction as well as to contribute to the development of new antiviral therapies against HCV. 

2. Materials and Methods 
2.1. Viral Sequences and the Prediction of Pre-miRNAs by an ab Initio Approach 
For this work, we used complete Hepatitis C virus (HCV) reference strain H77 genomic sequences (genotype 1a, 
EMBL accession number: NC_004102), which included the ORFs and the 5’ and 3’-UTRs of the viral RNA. 
Figure 1 shows a flowchart of the computational prediction process. Complete antigenomic sequences were ob-
tained in silico by reverse complement using software from the MEGA program [22]. 

VMir program [23] was used to analyze the HCV H77 strain sequences. VMir is an ab initio prediction pro-
gram specifically designed to identify pre-miRNA in viral genomes. Using this approach, HCV H77 antigenome 
sequences were analyzed for possible pre-miRNA hairpin structures, using default as well as stringent filtering 
parameters (minimum hairpin size of 60 nucleotides (nt), maximum hairpin size of 120 nt, minimum hairpin 
score of 115, minimum window count of 25). VMir scores were calculated according to Grundhoff [23]. Only 
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Figure 1. Schematic representation of the methodology employed during miRNA prediction. 

 
pre-miRNA hairpin structures with a minimum score of 140 were considered. 

2.2. Confirmation of Putative Pre-miRNA Sequences 
To discriminate real pre-miRNAs from other hairpin structures (pseudo hairpins) we employed MiPred [24] 
(available at: http://www.bioinf.seu.edu.cn/miRNA/), which decides whether each hairpin is either a pseudo-pre- 
miRNA-like hairpin or a real pre-miRNA using random forest prediction model. 

2.3. Identification of Mature miRNA Sequences 
With the purpose of extracting mature miRNA: miRNA* duplexes from pre-miRNA hairpins, we employed the 

http://www.bioinf.seu.edu.cn/miRNA/
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MaturePred Web Tool (available at: http://nclab.hit.edu.cn/maturepred/). This software uses a model based on 
Support Vector Machine (SVM) that predicts the starting position of an miRNA by performing discriminant 
analysis against the query hairpin structure using various features of known real/pseudo miRNA: miRNA* dup-
lexes as a training set (position-specific features, energy-related features, structure-related features, and stability- 
related features) [25]. 

2.4. Conservation of Predicted miRNA Sequences among HCV Genotypes and Subtypes 
Similarity among predicted miRNA sequences in HCV H77 strain (genotype 1a) and corresponding sequences 
of all HCV types and sub-types isolated elsewhere were observed by means of the use of a curated reference 
alignment (which includes all HCV types and subtypes), obtained from the HCV Database (available at:  
http://hcv.lanl.gov/content/sequence/NEWALIGN/align.html) [26]. 

2.5. Prediction of Secondary Structure of miRNA Precursors 
The RNAfold web server [27] (available at http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi) was used to predict 
the secondary structure of pre-miRNAs. Only default parameters were used. In all cases, folding structures with 
centroid were depicted. 

2.6. Prediction of Potential Targets and Functional Enrichment Analysis 
In order to identify the regulatory relationships between predicted miRNAs and their targets gene transcripts we 
employed miRTar (available at: http://mirtar.mbc.nctu.edu.tw) [28]. The parameters assigned for the hybridiza-
tion were set to −14 kcal/mol of minimum free energy (MFE) for all hybridizations as a cut-off value and an 
alignment score ≥ 140. We study the relation among predicted miRNAs and their targets 3’untranslated regions 
(3UTR) gene transcripts involved in six different metabolic pathways (apoptosis, chemokine signaling pathway, 
cytokine-cytokine receptor interaction, Jak-STAT signaling pathway, mTOR signaling pathway and T cell re-
ceptor signaling pathway). In order to enrich the identified genes with connection to specific functional terms, 
the potential targets were analyzed using KEGG pathway maps from miRTar [28] to elucidate the biological 
roles of miRNAs in biological pathways. The p-values of the miRNA target genes in the metabolic pathway 
were also determined. Only genes with a p-value ≤ 0.05 were included in the analysis. 

2.7. Hybridization between 3’UTR Gene Transcripts Target and Mature HCV miRNA 
In order to confirm an effective hybridization between 3’UTR gene transcript targets and predicted HCV miR-
NA, we employed the RNAhybrid tool [29] (available at: http://bibiserv2.cebitec.uni-bielefeld.de/rnahybrid/). 
RNA hybrid is a tool for finding the minimum free energy hybridization of a long and a short RNA and widely 
used for miRNA target prediction. Pairing energy or minimum free energy (MFE) indicates the stability of the 
hybridization. The MFE was set at −14 kcal/mol for all hybridizations, as a cut-off value. 

3. Results 
3.1. Prediction of Pre-miRNA Stem-Loop Structures in Hepatitis C Virus Antigenome 
Computational prediction represents a widely used and effective strategy to identify novel miRNAs that can be 
further examined and validated by experimental approaches. RNA virus antigenomes are present in the cytop-
lasm and form various secondary structures that constitute potential pre-miRNAs. In order to observe whether 
HCV antigenome could be folded into putative pre-miRNA stem-loop structures, we first analyzed its putative 
miRNA-encoding capacity using full-length antigenome sequences of HCV H77 reference strain were screened 
(Figure 2). As default settings were used, 251 candidate hairpins (Figure 2(a)) were identified. To avoid bona 
fide pre-miRNA hairpin, we filtered VMir output using custom setting, establishing a cut-off value of 60 nucleo-
tides (nt) for minimum hairpin size, 120 nt for maximum hairpin size, and 115 minimum hairpin score. These 
settings revealed 82 pre-miRNA hairpins (Figure 2(b)) that were selected as potential hairpins. These results 
suggested the potential miRNA-encoding capacity of the antigenome of this HCV strain. 

From these 82 potential pre-miRNAs, potential stem-loop structures with VMir scores higher of 140 were se-
lected for further analysis. Then, in order to confirm the presence of these pre-miRNA structures, we classified  

http://nclab.hit.edu.cn/maturepred/
http://hcv.lanl.gov/content/sequence/NEWALIGN/align.html
http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi
http://mirtar.mbc.nctu.edu.tw/
http://bibiserv2.cebitec.uni-bielefeld.de/rnahybrid/
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Figure 2. Graphical view of VMir analysis of the HCV H77 antigenome sequences. In (a) all hairpins of predicted pre- 
miRNAs are shown using default settings. In (b) a customized view of predicted pre-miRNA after stringent conditions (mini- 
mum hairpin size: 60 nt, maximum hairpin size: 120 nt, minimum hairpin score: 115, and minimum window count: 25) is 
shown. 

 
them into real or pseudo pre-miRNAs. Ten different pre-miRNA structures identified by VMir, nominated MD11, 
MD36, MD19, MD18, MD3, MD39, MD30, MD1, MD26 and MD14, were classified as real pre-miRNAs (data 
not shown). These structures are present in different different HCV genomic regions (see Table 1). 

3.2. Mature miRNAs 
Comparable to other RNA viruses previously studied, HCV H77 strain miRNAs can be located on either of the 
two arms in the secondary hairpin structure (see Table 1). Of the ten miRNAs identified in the antigenome of 
HCV H77 strain, four are located in the 5’-arm of the stem loop hairpin structure, while six are in the 3’-arm 
(Table 1). 

3.3. Mature miRNAs Sequence Conservation among Different HCV Types and Sub-Types 
HCV presents a high degree of genetic variability. The high error rate of RNA-dependent RNA polymerase and 
the pressure exerted by the host immune system, has driven the evolution of HCV into 7 different genotypes and 
a growing number of subtypes. In order to observe if mature miRNA sequences present in the predicted miR-
NAs found in the antigenome of HCV H77 strain are conserved among different HCV types and subtypes, we 
search for the similarity among that sequences and corresponding sequences of HCV strains included in a cu- 
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Table 1. Predicted hairpin and mature miRNAs sequences within HCV H77 strain antigenome. 

Hairpin Positiona Regionb Scorec Mature 5’arm Mature 3’arm 

MD11 2086 - 2179 NS5A 209.6 AUCCGGAUCCCCAGGCUCCCCC AAGAAUAGGACUCAACGUCGGA 

MD36 8468 - 8563 E1 201.7 GCUCCCGACAAGCAGAUCGAUA GGGGAGUUUGCCGUCCCUGGUG 

MD19 4340 - 4458 E2 188.2 GUGAUUGGGUGCGUCAGGGUGA UGUAUAGCAGGGGUGUUGGCCC 

MD18 4062 - 4146 NS4B 179.5 GGGACGCGGUCUGCAGGAGGCC UGAACUGCUCAGCGAGCAUCAU 

MD3 968 - 1086 NS5B 164.8 GGCGGAGUACCUGGUCAUAGCC GCCGCGUCCUCCUGGACCCCCG 

MD39 9406 - 9490 5’-UTR 164.2 UCCAGGCAUUGAGCGGGUUUAU CAAUUCCGGUGUACUCACCG 
MD30 7705 - 7783 E2 158.5 CUGUAGGUAGGCGCGCCCGACC CCACGGGGCUGGGAGUGAAGC 
MD1 432 - 533 NS5B 152.9 UUGAAGAGGUACUUGCCACAUA CUCUGGACAGAAGCCUAGCGCG 

MD26 5952 - 6053 NS3 148.1 AAGGUCUUGGUCCACAUUGGUA CUUGGGUGAUGCGAUGGUCCUC 
MD14 2348 - 2414 NS5A 144.5 UAGCGGGCAGCCAUGGACCACA AGGCUUUUUCCACGUCUCUAC 

aPositions relative to HCV strain H77 antigenome. bThe region of the HCV genome is indicated. cThe VMir score is shown. Mature miRNA se-
quences are shown in bold. 

 
rated HCV sequence dataset that includes all types and subtypes. The results of these studies revealed that all 
mature miRNA sequences present in the 10 real pre-miRNA structures found in the antigenome of HCV H77 
strain are conserved only among HCV sub-genotype 1a. Interestingly, mature miRNA sequences present in 
pre-miRNA-MD39 share 100% similarity among HCV strains belonging to genotypes 1a, 1b, 1c, 2a, 2c, 2k, 5, 6 
and 7, and 95% similarity to genotype 2a, 3a, 3b, 3k and 4 (data not shown). This revealed a high degree of 
conservation of the mature miRNA sequences of this predicted miRNA among HCV strains. In order to observe 
if this pre-miRNA structure is conserved among HCV genotypes, the secondary structure of pre-miRNA-MD39 
was predicted using corresponding sequences of pre-miRNA-MD39 of different HCV types and subtypes. The 
results of these studies are shown in Figure 3. 

As it can be seen in the figure, very similar secondary structures are obtained using HCV strains of all types. 
This revealed that this structure is conserved among HCV genotypes. 

3.4. Prediction of the Potential Targets for the Predicted miRNA in the Antigenome of  
HCV and Functional Annotation 

To understand the dynamics between viral miRNAs and their targets is extremely important to understand the 
complexity of biological regulation and virus-host interaction. In silico prediction of miRNA targets provides a 
suitable approach for identifying potential target sites based on their complete or partial complementarity with 
the miRNAs. For these reasons, pairwise comparison of human 3’-UTR gene transcripts involved in six different 
metabolic pathways and miRNA-MD39 mature sequences were performed. We observed 17 transcript targets 
for the predicted HCV-miRNA-MD39 (Table 2). These transcripts are mostly involved in apoptosis as well as 
immune responses pathways of the host cell (Table 2). 

Gene ontology is a useful tool for the mining of gene datasets and their functional annotations. In order to 
gain insight into these matters, we performed a functional enrichment analysis using KEGG pathway maps. A 
total of 38 genes were identified (Figure 4). 

3.5. Effective Hybridization of Predicted HCV H77 miRNA and 3’UTR Gene Transcript  
Targets 

In order to reconfirm effective hybridizations among the identified 3’UTR gene transcript targets and HCV- 
miR-MD39, we observed their hybridization patterns and calculated the minimum free energy of each hybridi-
zation. We have used a MFE of −14 kcal/mol as a cut-off value for potential miRNA pairing. The results of 
these studies are shown in Table 3. As it can be seen in the table, effective hybridizations were found in all cas-
es included in this analysis. 

4. Discussion 
miRNAs play critical roles in many biological processes, such as cell growth, tissue differentiation, cell prolife-



J. Cristina, R. Recarey 
 

 
186 

ration, embryonic development, cell proliferation, and apoptosis. As a consequence, their deregulation perturbs 
gene expression and can have pathological consequences, as evidenced by their involvement in cancer [30]. Re-
cent studies revealed that virus genomes from different virus families encode miRNAs. Viral miRNAs have 
been identified by both traditional cloning strategy from virus-infected cells and computational prediction [31]. 
In this study, using bioinformatics approaches, 10 pre-miRNAs structures with high VMir scores [23] and clas-
sified as real pre-miRNA using MiPred [24] were identified in the antigenome of HCV reference strain H77 (see 
Table 1). This is in agreement with recent results that identified novel miRNAs in the antigenome of yet another 
hepatic and cytoplasmaticRNA virus, i.e. Hepatitis A virus [21]. Moreover, recent studies carried out in Dengue 
virus revealed that all the predicted miRNAs were encountered in the reverse strand of the viral mRNA, which 
adds to the importance of the search of structured noncoding RNAs in replication intermediaries [19]. 

Mature miRNA sequences of all these 10 potential miRNAs are conserved among HCV genotype 1a, to 
which H77 strain belongs. Nevertheless, only mature miRNA sequences of pre-miRNA-MD39 were found to be 
conserved when all HCV genotypes and sub-types are considered. This predicted miRNA maps at the 5’ UTR of 
HCV genome, which is the most conserved genomic region among HCV genotypes[31] (see also Table 1). More- 

 

 
Figure 3. Predicted secondary structure of pre-miRNA-MD39 in different HCV genotypes. The secondary structures pre-
dicted for pre-miRNA-MD39 using corresponding sequences of different HCV genotypes and sub-types is shown. Bars at 
the bottom of the structures denote base pair probabilities. Only centroid structures are depicted.HCV strains are indicated by 
name and their genotypes are shown between parentheses next to strain name. Mature miRNA sequences are indicated by a 
square bracket next to each structure. The minimum free energy (MFE) found for the pre-miRNA structures were as follows: 
H77(1a) = −35.70 kcal/mol; HC-J4(1b) = −35.60 kcal/mol; HC-J6(2a) = −37.60 kcal/mol; K3A(3a) = −39.90 kcal/mol; 
ED43(4a) = −39.90 kcal/mol; EUH1480(5a) = −37.90 kcal/mol; EUHK2(6a) = −41.30 kcal/mol and QC69(7) = −35.70 
kcal/mol. 
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Table 2. Predicted HCV H77 antigenome miRNA targets identified by in silico analysis. 

Hairpin Predicted miRNA Metabolic pathway Targeted proteins Protein description 

MD39 HCV-miR-MD39-3p 

Apoptosis XIAP X-linked inhibitor of apoptosis 

Chemokine signaling  
pathway 

GNAI3 Guanine nucleotide binding protein 

ITK IL2-inducible T-cell kinase 

Cytokine-cytokine  
receptor interaction 

LIFR Leukemia inhibitory factor receptor alpha 

OSM Oncostatin M 

IL21R Interleukin 21 receptor 

Jak-STAT  
signaling pathway 

CREBBP CREB binding protein 

LIFR Leukemia inhibitory factor receptor alpha 

OSM Oncostatin M 

PIAS3 Protein inhibitor of activated STAT, 3 

IL21R Interleukin 21 receptor 

mTOR signaling pathway 
PRKAA2 Protein kinase, AMP-activated, alpha 2 catalytic subunit 

KIAA1303 Raptor 
CAB39L Calcium binding protein 39-like 

T cell receptor  
signaling pathway 

CD8A CD8a molecule 
ITK IL2-inducible T-cell kinase 

ICOS Inducible T-cell co-stimulator 

 

 
Figure 4. Functional enrichment analysis of the predicted targets of HCV-miR-MD39. Metabolic pathways are shown in the 
left part of the figure. Bars are proportional to the number of gene/terms in the analysis. *means a p-value < 0.05, **means a 
p-value < 0.01. 

 
over, predictions of the secondary structures of pre-miRNA-MD39 using corresponding sequences of all HCV 
genotypes and sub-types revealed suitable and similar structures (Figure 3). These studies revealed that this 
predicted miRNA is conserved among HCV genotypes and may add to the possibility of playing a role in HCV 
infection. 

Recent studies revealed that altered expression of miRNAs is involved in the pathogenesis associated with 
HCV infection by controlling signaling pathways such as immune response, proliferation and apoptosis [15]. 
This is in agreement with the results found in this work, since the predicted targets found for HCV-miR-MD39 
are members of metabolic pathways related to apoptosis and immune responses (see Table 2 and Figure 4). 
Moreover, effective hybridizations among the 3’UTR of target gene transcripts and HCV-miR-MD39 were ob-
served in all cases (Table 3).  

Taking all together, the results of this work revealed a candidate miRNAs that should be further confirmed by 
experimental analysis. 
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Table 3. Hybridization of predicted HCV H77 miRNA and 3’ UTR transcript gene targets identified by an in silico analysis. 

Predicted miRNA Target gene 
transcript 

Accession 
number Hybridization MFEa 

(kcal/mol) Pairing pattern 

HCV-miRMD39-3p 

XIAP U45880 

target 5' U   G   GGG          G 3' 
CGG GAG      GGGAUUG 
GCC CUC      CCUUAAC 

miRNA  3'     A   AUGUGG         5' 

−19.2 5’canonical 

GNAI3 M27543 

target 5' A         AAGA   CA  U    C 3' 
UGGUGAGUA    GCC  GG  UUG 
GCCACUCAU    UGG  CC  AAC 

miRNA  3'           G          UU     5' 

−23.1 3’compensatory 

ITK D13720 

target 5'    A  AA            A 3' 
GA  ACAUUGGAAUUG 
CU  UGUGGCCUUAAC 

miRNA  3' GCCA  CA             5' 

−21.2 5’canonical 

LIFR X61615 

target 5'  U    A    UG UA   GG  A 3' 
GUGA GUAU  U  GGA  UG 
CACU CAUG  G  CCU  AC 

miRNA  3' GC         UG      UA    5' 

−19.2 3’compensatory 

OSM AF129855 

target 5'  U    G   G       A   3' 
GUGA GUG GCUGGGA 
CACU CAU UGGCCUU 

miRNA  3' GC        G       AAC 5' 

−22.6 5’canonical 

IL21R AF254667 

target 5' G      A     A       3' 
GGUGAG ACAUC 
CCACUC UGUGG 

miRNA  3' G      A     CCUUAAC 5' 

−21.9 3’compensatory 

CREBBP NM_004380 

target 5' G   A   GCUGGG  UG   UUG  G 3' 
CGG GAG      GC  CGG   UG 
GCC CUC      UG  GCC   AC 

miRNA  3'     A   A       UG   UUA    5' 

−22.3 3’compensatory 

PIAS3 AB021868 

target 5' U       CAG       CCU    C 3' 
GG GAGU   GC CCGG   AUUG 
CC CUCA   UG GGCC   UAAC 

miRNA  3' G  A         U    U        5' 

−21.2 3’compensatory 

PRKAA2 BC069823 

target 5' G       UUGGCA     U       3' 
GGUG GU      ACACC 
CCAC CA      UGUGG 

miRNA  3' G    U             CCUUAAC 5' 

−17.9 3’compensatory 

KIAA1303 NM_020639 

target 5' U                A   3' 
GG GGG ACACUGGAA 
CC CUC UGUGGCCUU 

miRNA  3' G  A   A         AAC 5' 

−24.4 5’canonical 

CAB39L AK022639 

target 5' G        A       C   3' 
GGUGAGUG    GGGA 
CCACUCAU    CCUU 

miRNA  3' G        GUGG    AAC 5' 

−22.7 3’compensatory 

CD8A NM_001768 

target 5' U      CUUA  C      A   3' 
GGUGAG    AC CUGGAA 
CCACUC    UG GGCCUU 

miRNA  3' G      A     U      AAC 5' 

−23.4 3’compensatory 

ICOS AB023135 

target 5' U   A  AAACAU             A 3' 
GGU GG      UGC CCGGAAUUG 
CCA UC      AUG GGCCUUAAC 

miRNA  3' G   C           U           5' 

−23.7 5’canonical 

aMFE, minimum free energy. 
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Figure 5. The structure of HCV reference strain H77 genomic sequences. The scheme shows the genome of HCV H77 strain. 
Numbers at the top of the scheme shows nucleotide positions. HCV genes are shown at the bottom. Untranslated regions are 
indicated at the 5’and 3’end of the genome. Red dot indicates location of the pre-miRNA-MD39 mature sequences. 

5. Conclusions 
Viral miRNAs can be extraordinary important to modulate cellular gene expression. Their small size, high spe-
cificity, and capacity for multiple transcript regulation suggest that they could play an important role in virus- 
host interactions during infection. Moreover, a more complex scenario can be seen when the search is extended 
to include viral replication intermediates.  

By utilizing a series of bioinformatics tools, we identified a miRNA present in the antigenome of HCV H77 
strain (see Figure 5). This miRNA maps in the 5’UTR region of the HCV genome and is found to be conserved 
among HCV genotypes and sub-types. In silico target prediction generated 17 cellular genes. These potential 
targets are involved in apoptosis as well as immune response pathways, suggesting that they could play a role in 
the pathogenesis caused by viral infection. Besides, the results of these studies revealed the presence of a viral 
miRNA in the negative-sense RNA strand used as a replication template for the HCV genome, as observed for 
other RNA viruses [19] [21]. This in silico prediction is a useful guide to experimental design in order to 
achieve biological validation.  
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