
INTRODUCTION

Diseases caused by the members of Flaviviridae cast
a gloomy shadow by affecting millions across the globe
and this spawn a vicious cycle of disease and poverty.
Resurgence, reemergence and the spread of distribution
of these viruses, which were once perceived to be con-
fined to specific geographic locations, have raised much
hue and cry. Diseases caused by Flaviviruses constitute a
major share of mosquito-borne diseases1. Despite exten-
sive research on viral biology, transmission dynamics and
pathogenicity, we are miles away from success in the cru-
sade against these deadly diseases. Among these mos-
quito-borne diseases, recurrent outbreaks of viral diseases
such as Japanese encephalitis, dengue and dengue hem-
orrhagic fever (DHF) have been reported in Southeast
Asian countries such as India, Pakistan and Thailand in
the recent past2. Measures adopted to control these dis-
eases such as spatio-temporal mapping of the effective
zones3, development of vaccines for an individual patho-

gen4, analysis of apoptotic cell death in response to den-
gue virus infection5 and etiological diagnosis6 proved
partially effective. Though, these methodologies are sci-
entifically sound yet they are unable to provide an eternal
solution. Moreover, these efforts are restricted to a spe-
cific pathogen; studies on group-specific pathogen tar-
geting are very limited due to the complexity involved
and considered cumbersome so far.

Family Flaviviridae is classified into three genera
Flavivirus, Pestivirus, Hepacivirus and the unclassified
group of GB virus C/hepatitis G viruses (GBV-C) com-
prising of 70 important pathogens of significant impact
on global health. These viruses possess a single-stranded
positive sense RNA (ss+RNA) genome of 9.6–12.3 kb
comprising of one single long open reading frame flanked
by 5′ and 3′ untranslated regions (UTR)1–2, 7–8. Keeping
in mind, the fast evolution and increase in number of
pathogens, there is a need for finding a common solution
against these viruses. Irrespective of rapid evolution, the
members of Flaviviridae share quite good amount of con-
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ABSTRACT

Background & objectives: Combating viral diseases has been a challenging task since time immemorial. Available
molecular approaches are limited and not much effective for this daunting task. MicroRNA based therapies have
shown promise in recent times. MicroRNAs are tiny non-coding RNAs that regulate translational repression of
target mRNA in highly specific manner.

Methods: In this study, we have determined the target regions for human and viral microRNAs in the conserved
genomic regions of selected viruses of Flaviviridae family using miRanda and performed a comparative target
selectivity analysis among them.

Results: Specific target regions were determined and they were compared extensively among themselves by
exploring their position to determine the vicinity. Based on the multiplicity and cooperativity analysis, interaction
maps were developed manually to represent the interactions between top-ranking miRNAs and genomes of the
viruses considered in this study. Self-organizing map (SOM) was used to cluster the best-ranked microRNAs
based on the vital physicochemical properties.

Interpretation & conclusion: This study will provide deep insight into the interrelation of the viral and human
microRNAs interactions with the selected Flaviviridae genomes and will help to identify cross-species microRNA
targets on the viral genome.
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servation and similarity in their genetic make-up1, 8. Dif-
ferent molecular, biochemical and pathophysiological
aspects of these tiny culprits have been studied exten-
sively in the past decades. The effect of dengue epidemic
in relation to nutritional status was assessed extensively9.

It is well established that the striving success of vi-
ruses relies on their ability to exploit cellular machinery
of the host efficiently to their advantage for their survival
and replication but this also makes them prone to gene
regulatory mechanisms of the host often mediated by
microRNAs. MicroRNAs are small non-coding RNAs in-
volved in regulation of gene expression at the post-tran-
scriptional level10.

Recent emergence of data on microRNA mediated
gene regulation in viral infections has brought cellular
miRNAs as agents for targeting viruses to limelight11.
While the members of Flaviviridae have been the objects
of various studies, very little is known about microRNA
mediated regulation in them. Ample theoretical and ex-
perimental evidences suggest that this reciprocity in host
defense and viral offense has led to a co-evolutionary
conflict in which microRNAs are the major players12.

The knowledge that viruses encode miRNAs for auto-
regulation of their own gene expression as well as for
defense from the host cell miRNAs has incited countless
studies13. In the same fashion, viral genome can be the
target of either specific miRNA or large number of
miRNAs owing to fortuitous complementarities14. The
renewed interest in identification of potential microRNA
candidates using in-silico and experimental methods has
witnessed an unparalleled progress for understanding vi-
ral epidemiology, once termed as imperfect science. High
mutability confers evolutionary advantage to viruses and
low homology makes the prediction of miRNAs in vi-
ruses a challenging task. Location of binding sites can
unravel a lot about the mechanism of miRNA and their
role in the regulatory pathways of viral diseases. With
the unprecedented development of simple, rapid and ac-
curate computer based methods and efficient algorithms
for microRNA prediction; the count of such studies is all
set to mount. Conventional biochemical profiling ap-
proaches suffer from transient and low level of microRNA
expression, tissue specificity and complex interaction with
targets15. Computational approaches had been used to
identify potential miRNA targets for microRNA from
Epstein-Barr virus (EBV)16.

Screening microRNAs is a cumbersome task, which
can be very specifically and quite accurately done using
computational methodologies. Recently, computational
approaches have been extensively developed and effec-
tively utilized in searching target sites for microRNAs10.

Targeting various regions of viral genomes with
microRNAs can be an effective solution against these
pathogens as microRNAs are very specific in selecting
target regions. Recent success of RNAi technology in
combating viral diseases has motivated us to explore the
role of cellular and viral microRNA in host-parasite in-
teractions in Flaviviridae.

In this study, we describe the common viral genomic
target regions for viral and human microRNAs with sig-
nificant sensitivity and specificity. Further, an interac-
tion network interconnecting microRNA and genome was
developed for human and viral microRNA targets con-
sidering the top ranked hits screened for all the 15 viral
genomes. Self organizing map (SOM) is an unsupervised
machine-learning method used to cluster and visualize
high-dimensional data17. As physicochemical properties
like composition and GC% provide an insight about the
mechanism of binding and stability of duplex, they were
computed for unique non-repetitive miRNAs top hits and
the data were clustered using SOM to understand the in-
herent patterns.

MATERIAL & METHODS

This study aims at finding both viral and human
microRNA targets in dengue virus serotypes and compar-
ing the top ranking microRNAs with other miRNA hits for
the selected genomic regions of members of Flaviviridae.
The workflow is depicted in Fig. 1 in detail.

Genome sequences and extraction of target regions
Sequence retrieval: Complete genome sequences of

15 viruses of family Flaviviridae were collected in Fasta
format from National Center for Biotechnology Informa-
tion (NCBI). Dengue virus serotype 1, 2, 3, 4; West Nile
virus (lineage I strain NY99), West Nile virus (lineage II
strain 956), Japanese encephalitis virus, tick-borne en-
cephalitis virus (TBE) and yellow fever virus belong to
genus Flavivirus while Hepatitis C virus genotype 1, 2,
3, 4, 5, 6 belong to Hepacivirus. All the viruses selected
from the Flavivirus genus are mosquito-borne viruses
except TBE.

Identification of the conserved regions in dengue vi-
rus genomes: To identify the conserved regions in the
viral genomes, a multiple sequence alignment (MSA)
approach was adopted. It was performed in two steps
(Fig. 1). Initially, conservation was analyzed in four den-
gue serotypes and later on, it was performed for the other
viral genomes considered for the study. The sequence
length ranged from 10,649 nt (Dengue serotype 4) to
10,735 nt (Dengue serotype 1). The sequences were sub-
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jected to multiple sequence alignment (MSA) using
ClustalW with default gap opening and extension pen-
alty and scoring matrix18. The ClustalW was used owing
to its reliability in aligning sequences of similar length.
The alignment exercise revealed the presence of two major
conserved regions. Out of these two, the longer conserved
region obtained was selected to carry out further analysis
(data not shown). Apart from these four target genomes,
11 genomes, namely West Nile viruses (1 and 2), Japa-
nese encephalitis virus, yellow fever virus, tick-borne
encephalitis virus and hepatitis C viruses (1 to 6) were
also considered for this study. All these viral genomes
were aligned separately and the conserved region was
identified and later on subjected to microRNA target pre-
diction.

MicroRNA and their sequences: In microRNA bio-
genesis of mammals, the primary miRNA (pri-miRNA)
is transcribed mainly by RNA polymerase II and sequen-
tially processed by two RNase III enzymes—Drosha and
Dicer to generate mature 21–23 nt double-stranded en-
dogenous miRNAs19–21. The pathway of miRNA ac-
tivity continues with the RISC formation followed by

Fig. 1: Schematic representation of the workflow.

mRNA degradation, which includes many intermediate
steps19.

Several databases are available for cataloguing and
depositing miRNA sequences. miRBase is an online re-
pository which provides integrated interfaces to compre-
hensive microRNA sequence data, annotation and pre-
dicted gene targets22. Both viral (202) and human (747)
mature microRNA sequences were downloaded from
miRBase (http://microrna.sanger.ac.uk/sequences) in
FASTA format and used as input query sequences for
target prediction.

Selection of tool for miRNA target prediction: Al-
though several tools are available for predicting miRNA
target sites, miRanda offers efficiency and accuracy ow-
ing to high sensitivity and specificity, which results in
elimination of false positive and true negative hits. In
addition, this tool offers flexibility of applying user
defined parameters23–24. Considering these advantages,
Java based version of miRanda (v1.0b) 23–24 was selected
for predicting miRNA targets in the conserved genomic
regions of the selected 15 Flaviviridae genomes. For
prediction of miRNA targets, miRanda (version 1.0b)
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employs dynamic programming based on sequence
complementarity, allotting higher weights to matches at
the 5′ end of the mature miRNA while considering the
free energy of the RNA-RNA duplex (calculated using
RNA Fold)25 and the extent of conservation of the miRNA
target across related genomes. The parameters considered
for this study were: Gap open penalty = –2, Gap extend
penalty = –8, Score threshold = 140, Energy threshold =
–20 kcal/mol, and Scaling parameter = 3, more or less
similar to our previous studies26–27.

Analysis of multiplicity and cooperativity: Multiplic-
ity and cooperativity are of paramount importance for
understanding the microRNA targets and patterns of
miRNA based regulation of gene expression. miRNA can
regulate target regions in two ways. One miRNA can con-
trol several genes or target regions, a phenomenon known
as multiplicity or several microRNAs can collectively
control the expression of a single target gene region, i.e.
cooperativity31. Therefore, it is very important to look
for such important issues for assessing the mode of gene
expression regulation.

Construction of miRNA-genome interaction map: For
all the 15 targeted genomic regions, top 10 ranking po-
tent miRNAs were predicted and their pattern of interac-
tions was analyzed. An interaction map of microRNA-
genomic target region was constructed with the 10 best
hits found for each target conserved genomic regions. Two
separate networks were constructed for viral miRNA se-
quences and human sequences.

Conserved nucleotide pattern in top ranked miRNA:
Conservation was checked for the top ranked viral and
human microRNAs. Specific nucleotide conservation
patterns were analyzed for the top viral and human
miRNAs obtained which may aid in specific targeting of
the considered viruses or probably for the entire
Flaviviridae family.

Mining physicochemical properties for miRNA: It is
important to understand the interrelation and interdepen-
dency of the parameters influencing the microRNA and
target genome interaction. For this purpose, we employed
advanced data mining technology. An assembled dataset
of all top ten miRNAs found for each target genome was
prepared and the repeating microRNAs were excluded to
eliminate redundancy. Physicochemical properties of this
unique set of top ranked microRNAs were calculated. Im-
portant physicochemical properties such as molecular
weight (kilo Dalton), melting temperature (Tm), free en-
ergy (δG in kcal/mol) and composition of the nucleotides
were calculated by using Oligo Calc: Oligonucleotide
properties calculator. Molecular weight, melting tempera-
ture and free energy were calculated using the following

formulae:

Molecular weight (Mw) = (An × 329.21) + (Un × 306.17) +
(Cn × 305.18) + (Gn × 329.21) + 159 … (1)

Where, An,Un, Cn and Gn are the number of each re-
spective nucleotide present in the RNA molecule under
consideration. Additionally, weight 159 g/mole is added
that accounts to 5′ triphosphate.

Melting temperature (Tm) = 64.9 + 41 × (yG + Zc – 16.14)/
(wA + xU + yG + zC)           …(2)

Where, w, x, y and z are the number of the bases A,
U, G, C in the sequence respectively.

Free energy (δG) = RT ln [(RNA.template)/(RNA)
(template)]   …(3)

Both equations 2 and 3 assume that the annealing
occurs under the standard conditions of 50 nM primer,
50 mM Na+, and pH 7. Later on, detailed analysis was
performed for gaining a comprehensive understanding on
the nature of clustering based on these properties.

Self organizing maps (SOM) algorithm was used
for clustering the properties calculated for the miRNAs.
SOM has numerous applications in biological data
clustering28–29. By applying SOM, we can obtain a map
of input space where closeness of input vectors is reflected
as proximity of units or clusters. Important feature that
makes SOM a popular choice for analyzing biological
data set is its ability to assign precise location to input
vectors based on the association between them and also
ensuring comparable neighborhood cell in lattice. Apart
from this, ease of visualization of huge datasets makes
the SOM map a useful tool.

Steps involved in the algorithm
(1) Initialization: A weight vector (Wi) is initialized for

each neuron I randomly.

Wi = [wi1; wi2; . . . ; wi n]; where, n is the dimen-
sion of input data.

(2) Sampling: An input vector X = [x1, x2, . . . , xn] is
selected.

(3) Similarity matching: A winning neuron is found
whose weight vector best matches with the input
vector

j(t)= arg min {||X–Wi||}

(4) Updating: Weight vector of winning neuron is up-
dated, such that it becomes still closer to the input
vector. Weight vectors of neighbouring neurons are
also updated—the farther the neighbour, the lesser
the degree of change.
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Wi (t+1) = Wi(t) + α(t) X hij(t)X [X(t)–Wi(t)]

Where, α (t): Learning rate that decreases with time
t, 0<α (t) ≤ 1.

hij (t) = exp(–|| rj–ri || 2/2 × σ(t)2)

Where, ||rj-ri||2 = Distance between winning neu-
ron and other neurons, σ (t) = Neighbourhood ra-
dius that decreases with time t.

(5) Continuation: Steps 2–4 are repeated until there is
no change in weight vectors or up to certain num-
ber of iterations. For each input vector, best match-
ing weight vector is selected and the input vector is
allotted to the corresponding neuron/cluster.

Data normalization: Different properties of
microRNAs vary in terms of numerical values and units.
This necessitates normalization of the data for achieving
homogeneity for the heterogeneous dataset. Whole dataset
was normalized and the obtained normalized input data
set was used for clustering. Data were normalized lin-
early such that the data point values in each category
ranged between 0 and 1. This ensured unbiased results
while assigning equal importance to all parameters dur-
ing clustering. We adopted the standard normalization for-
mula used in our previous studies30–31.

Following formula was applied for normalization:

N = (O–m)/(M–m)

Where, N is normalized data, O is the original data
value, m is the minimum data value, and M is the maxi-
mum data value.

RESULTS & DISCUSSION

Extraction of conserved region in dengue virus genomes
All four dengue virus complete genomes (dengue se-

rotype 1, 2, 3 and 4) were considered and the conserved
sequence stretch was identified for further miRNA target
prediction. In this alignment exercise, two major con-
served regions were found and the longer stretch was
considered for further study. The regions selected for four
dengue serotypes are 1–2419, 96–2421, 1–2413, 1–2423
nucleotides respectively (data not shown).

Target identification for dengue virus genomes
The miRNA targets were identified in dengue virus

serotypes 1, 2, 3 and 4 employing miRanda software for
the conserved region. Target regions for 747 human and
202 viral miRNAs were predicted for both conserved re-
gions. Top 10 hits were identified for all the four con-

served dengue virus genome segments using both human
and viral miRNAs. The viral miRNA top 10 target scores
obtained are as follows in descending order, dengue se-
rotype 1: 185 to 171, dengue serotype 2: 191 to 172, den-
gue serotype 3: 188 to 174 and dengue serotype 4: 189 to
170. Similarly, in case of human top 10 miRNA scores
observed are dengue serotype 1: 196 to 177, dengue se-
rotype 2: 184 to 175, dengue serotype 3: 196 to 180, and
dengue serotype 4: 194 to 178.

Conservation pattern of viral and human miRNAs in den-
gue virus genomes

The alignment of the genomes revealed that dengue
serotypes 1 and 3 were more conserved whereas dengue
serotypes 2 and 4 showed more proximity to each other.
Interestingly, similar conservation pattern was observed
in the miRNA target regions also. We found good con-
servation in dengue serotypes 1 and 3 in miRNA binding
regions where eight viral miRNAs showed same binding
sites which may prove to be likely candidates for target-
ing both the genomes. These are hcmv-miR-UL36*, hiv1-
miR-TAR-3p, kshv-miR-K12-10b, mdv1-miR-M6,
mdv2-miR-M21, mcmv-miR-m01-4, mcmv-miR-m59-2
and mghv-miR-M1-7-5p miRNA (Table 1).

On the contrary, dengue serotypes 2 and 4 showed
less conservation in binding sites as compared to type 1
and 3 serotypes, suggesting that they have more diver-
gence in miRNA target regions. Similar results were ob-
tained in case of human miRNA target analysis. Good
conservation was found in dengue serotypes 1 and 3 in
miRNA binding regions where 15 human miRNA showed
same binding sites. These are hsa-miR-490-5p, hsa-miR-
1296, hsa-miR-939, hsa-miR-608, hsa-miR-770-5p, hsa-
miR-624*, hsa-miR-520d-3p, hsa-miR-593*, hsa-miR-
431, hsa-miR-486-5p, hsa-miR-675, hsa-miR-188-5p,
hsa-miR-433, hsa-miR-154 and hsa-miR-1234 miRNA

Table 1. Conserved viral miRNA binding regions in
Dengue serotypes 1 and 3

S.No. Viral miRNA miRNA binding miRNA binding
regions in regions in

dengue dengue
serotype 1 serotype 2

1. hcmv-miR-UL36* 769–791 766–791

2. hiv1-miR-TAR-3p 169–191 169–191

3. kshv-miR-K12-10b 1361–1384 1361–1384

4. mdv1-miR-M6 1714–1741 1708–1735

5. mdv2-miR-M21 958–979 958–979

6. mcmv-miR-m01-4 613–637 613–637

7. mcmv-miR-m59-2 148–171 148–171

8. mghv-miR-M1-7-5p 17–39 17–39
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(Table 2). As compared to dengue serotypes 1 and 3 (Fig.
2b), dengue serotypes 2 and 4 do not demonstrate any
conservation in binding sites.

Derived information from the obtained output re-
vealed that majority of miRNAs target regions are spread
over the NS5 encoding region in dengue virus genome
serotype 1 (Fig. 2a). Multiple binding sites were observed
for few human miRNAs in conserved region of dengue
virus genomes. Two binding sites were identified for hsa-
miR-187 in dengue serotype 1 and hsa-miR-1183 in den-
gue serotype 2. Two binding sites were found for hsa-
miR-612 and hsa-miR-637 in NS5 region of dengue
serotype 4. hsa-miR-612 targets NS5 region in dengue
serotypes 1 and 2. Same miRNA also has target regions
in dengue serotype 4 in NS4B as well as NS5 region. hsa-
miR-187 targets NS5 region in dengue serotypes 1, 2 and
4. hsa-miR-637 targets NS5 region in the dengue sero-
types 1 and 4 and NS4 gene region in dengue serotype 2.

Fig. 2: Distribution and conservation of miRNA hits in the dengue genomes—(a) Hits showing microRNAs specific to different genomic
regions in serotype 1 dengue genome; and (b) Target analysis of the obtained microRNA hits in dengue serotypes 1 and 3 genomes.

Table 2. Conserved human miRNA binding regions in
dengue serotypes 1 and 3

S. No. Human miRNA miRNA miRNA binding
binding regions regions in

in dengue dengue
serotype 1 serotype 3

1. hsa-miR-490-5p 2392 – 2412 2386 – 2406
2. hsa-miR-1296 802 – 822 797 – 823
3. hsa-miR-939 249 – 278 246 – 278
4. hsa-miR-608 1977 – 2005 1971 – 1999
5. hsa-miR-770-5p 984 – 1012 984 – 1015
6. hsa-miR-624* 984 – 1010 1008 – 1032
7. hsa-miR-520d-3p 1155 – 1180 1157 – 1180
8. hsa-miR-593* 633 – 666 618 – 641
9. hsa-miR-431 2167 – 2187 2160 – 2181
10. hsa-miR-486-5p 987 – 1012 1000 – 1020
11. hsa-miR-675 835 – 862 835 – 862
12. hsa-miR-188-5p 921 – 947 919 – 943
13. hsa-miR-433 446 – 475 451 – 475
14. hsa-miR-154 646 – 667 647 – 667
15. hsa-miR-1234 991 – 1019 991 – 1018
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Binding sites for hsa-miR-1183 were predicted in NS4
region in dengue serotypes 1 and 3 and in NS5 region for
dengue serotypes 2 and 4. Similarly, hsa-miR-619 tar-
geted NS4B region in both dengue serotypes 2 and 3.
NS5 region of dengue serotypes 2 and 3 was found to
have target sites for hsa-miR-302d whereas same region
(NS5) is targeted by hsa-miR-187 in dengue serotypes 1,
3 and 4. hsa-miR-302 showed binding affinity to NS4B
and NS5 regions of dengue serotypes 4 and 3 respectively.
It was observed that NS5 region of dengue serotype 4
was targeted by many human miRNAs suggesting a pos-
sible role for these miRNAs in host defense mechanism.
Similarly, binding sites were predicted and investigated
for all the members of Flaviviridae considered in this
study (data not shown).

Interestingly, many miRNAs demonstrated specific-
ity towards conserved genomic regions; this supports our
hypothesis of searching the common miRNA target sites.
Similar trend of target sites and targeting miRNA con-
servation was observed for the West Nile viruses as well
as hepatitis C subtypes. In hepatitis C virus genotypes
(1–6), similar miRNAs were found to target the region in
different positions due to sequence similarity in six ge-
nomic regions. For instance, hsa-miR-608 target site is
present in hepatitis C virus genotypes 1, 2, 4, 5 and 6 in
five genomic regions but not in third genotype. In addi-
tion to this, hsa-miR-1183, hsa-miR-770-5p and hsa-miR-
26b* demonstrated high frequency of target sites in ge-
nomic regions. Therefore, these results may pave a way
for targeting all hepatitis virus genotypes with a single
miRNA.

At region spanning from 7524 to 7552 (Fig. 2b) in
dengue serotypes 1 and 3, we observed a cluster of three
miRNA (hsa-miR-770-5p, hsa-miR-624*, hsa-miR-486-
5p) targeting the same position (+10 or –10 nucleotides).
Similar conserved clusters were not observed in dengue
serotypes 2 and 4, which may be due to less similarity
between the sequences.

All specific dengue virus genes and other genomic
regions were observed and miRNA target specific to each
gene and genomic regions were identified. For this analy-
sis, NS4A, 2K, NS4B and NS5 genes were considered
and positions of the top 10 miRNAs on these sites were
observed. NS4A showed only one target of hsa-miR-1183
at 6626 to 6655 position. The 2K regions were not tar-
geted by miRNA target, whereas NS4B showed two
miRNA targets of hsa-miR-612 and hsa-miR-615-3p at
position 9805 to 9837, and 8070 to 8097 respectively.
NS5 possess seven miRNA targets of hsa-miR-187, hsa-
miR-432*, hsa-miR-608, hsa-miR-637, hsa-miR-125a-5p,
hsa-miR-187 and hsa-miR-1183 were observed at posi-

tions 9178 to 9203, 9330 to 9356, 9923 to 9955, 9022
to 9042, 7430 to 7461, 8342 to 8367, and 6884 to 6915
respectively.

Similar analysis and identification of microRNA tar-
get sites on specific genes and genomic regions were per-
formed for all other considered genomes.

Identification of conserved region in 15 genomes
The conservation pattern found in the miRNA target

regions tempted us to extend it to other viral genomes of
the same Flaviviridae family. Keeping this in mind, 15
viral genomes of major concern were selected and col-
lected from NCBI genome database. Similar exercise of
genome alignment with ClustalW was carried out con-
sidering same parameters as taken previously for all four
dengue virus genomes. As expected, all the selected 15
genomes showed good conservation of approximate
length of 3500 nt. To find the conservation in miRNA
target regions, top 10 microRNAs found in dengue virus
genomes (serotypes 1–4) were taken and their target sites
were explored in conserved genomic regions for all 15
viruses.

Target identification of 15 genomes
Total 40 microRNAs (top 10 from each dengue virus

genome target) were considered initially and later on, re-
dundant miRNAs were removed and unique 28 viral and
38 human miRNAs were taken as input for miRanda.
MicroRNA target regions were identified for all 15 ge-
nomes. Top 10 miRNAs were identified based on the top
score for all human and viral data sets. For viral miRNAs,
top 10 scores are as follows: dengue serotype 1 (180 to
165), dengue serotype 2 (190 to 168), dengue serotype 3
(187 to 172), dengue serotype 4 (185 to 164), West Nile
virus 1 (189 to 166), West Nile virus 2 (180 to 165), Japa-
nese encephalitis virus (179 to 171), yellow fever virus
(179 to 168), tick-borne encephalitis (185 to 170), hepa-
titis C virus 1 (184 to 165), hepatitis C virus 2 (185 to
170), hepatitis C virus 3 (176 to 167), hepatitis C virus 4
(183 to 168), hepatitis C virus 5 (182 to 169), and hepati-
tis C virus 6 (180 to 167).

For human miRNA targets, top scores obtained are
dengue serotype 1 (179 to 167), dengue serotype 2 (201
to 173), dengue serotype 3 (184 to 168), dengue serotype
4 (184 to 165), West Nile virus1 (185 to 166), West Nile
virus 2 (184 to 172), Japanese encephalitis virus (194 to
169), yellow fever virus (180 to 172), tick-borne encepha-
litis (180 to 171), hepatitis C virus 1 (184 to 172), hepati-
tis C virus 2 (183 to 164), hepatitis C virus 3 (193 to
172), hepatitis C virus 4 (187 to 173), hepatitis C virus 5
(194 to 167), and hepatitis C virus 6 (194 to 175).
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Analysis of multiplicity
Multiplicity is an important criterion for understand-

ing miRNA based regulation of gene expression and sig-
nifies a phenomenon in which a single microRNA tar-
gets several genes or genomic regions. Multiplicity was
examined for the obtained top 11–12 miRNAs for all the
genomes and ranked according to the maximum number
of hits. Table 3 shows the obtained information on multi-
plicity of top 11 viral miRNAs. Among the viral miRNAs,
mdv2-miR-M15 showed best results as it binds to all 15
genomes with maximum 20 hits, in some of genomes mul-
tiple hits were found (Table 3).

In case of human miRNAs, hsa-miR-1183 resulted
in 17 hits in 12 genomes except yellow fever virus, hepa-
titis C virus 1, hepatitis C virus 2 and hepatitis C virus 6;
hsa-miR-608 showed a maximum of 15 hits in 10 ge-
nomes while no hits were found in genomes of dengue
virus serotype 2, dengue virus serotype 3, dengue virus
serotype 4, tick-borne encephalitis virus genome and
hepatitis C virus 3 (Table 4). Detailed analysis of multi-
plicity observed in other viruses is represented in Table
4. The viral microRNAs showed significant conservation
and multiplicity in target prediction than human
microRNAs.

Viral and human miRNA network
An interaction map was constructed based on

miRNAs and their target genomic regions. Both human
and viral top 10 miRNAs were considered (Fig. 3).

miRNA patterns
All top 10 miRNAs of viral and human were selected

and multiple sequence alignment was carried out sepa-
rately to analyze the conservation pattern of miRNAs.
Alignment of the obtained top ranked viral miRNAs
showed good conservation of uridine at 3rd, 8th, 13th,
19th and 21st positions. Adenine nucleotide conserva-
tion at miRNA binding sites was found in all 15 viral
genomes. Alignment of obtained top human miRNA
showed cytosine nucleotide conservation at the 13th po-
sition of the multiple sequence alignment (Fig. 4). Com-
paratively less conservation was observed for the human
miRNAs than viral miRNAs.

Classification and clustering of the top 10 unique
microRNAs

Top 10 miRNAs found in all 15 genomes were taken
and redundant miRNAs were excluded from the list. Af-
ter filtering, 30 human and 26 viral unique miRNAs were
considered. Physicochemical parameters were calculated
and 56 miRNAs were clustered. During clustering, the
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Fig. 3: Development of network for viral genomes and microRNA
interactions—(a) Viral microRNA and target genome
interaction network; and (b) Human microRNA and target
genome interaction network.

dataset was normalized in a range of 0 to 1 and 2×2 grid
was used to obtain the clusters with 100000 iterations
and with a learning rate of 0.01 to 1.

Four clusters were generated successfully in a 2×2
grid (Fig. 5). Maximum number of sequences (26 se-
quences) constituted the 1st cluster (Cluster 1, 1) followed
by 3rd (Cluster 2, 1), 2nd (Cluster 1, 2) and 4th (Cluster
2, 2) clusters, which contained 24, 5, and 1 sequences
respectively. First and third clusters contain similar kind
of viral and human miRNAs, whereas the second cluster
comprises of four human miRNAs and a single viral
miRNAs. The final cluster (Cluster 2, 2) of the grid con-
tains a single human miRNA, i.e. hsa-miR-767-5p. These
clusters of miRNAs are formed based on the computed
physicochemical properties and further help us to under-
stand and group the obtained top human and viral
miRNAs. Maximum conservation in the whole data was
observed in the second and third clusters (Figs. 5b and c)
as evident from the figure with less colour difference. In
the second cluster (cluster 1, 2), higher conservation was
observed for GC content followed by melting tempera-
ture values whereas in 3rd cluster (cluster 2, 1) apart from
these two parameters higher amount of conservation was
observed for different energy values too. In comparison,
the 1st cluster (cluster 1, 1) has shown divergence in al-
most all the parameters considered while grouping the
miRNAs (Fig. 5a).

CONCLUSION

Flaviviruses cause complex viral diseases resulting
in heavy socioeconomic burden. Understanding the viral
genome structure and identifying the conserved regions
and predicting the putative miRNA targets on such ge-
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Fig. 4: Conservation pattern observed in the aligned top ranked microRNA sequences—(a) Observed conservation in the top ranked viral
microRNA; and (b) Observed conservation in the top ranked human microRNA.

Fig. 5: Self organizing map (SOM) based clustering pattern for miRNAs based on their computed properties—(a) Cluster (1, 1); (b) Cluster
(1, 2); (c) Cluster (2, 1); and (d) Cluster (2, 2).
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nomic regions may prove to be an effective approach in
controlling these viral diseases. Repression of candidate
genes involved in pathogenesis or other associated activ-
ity by a single miRNA or a cluster of miRNAs may aid in
efficiently controlling several diseases caused by differ-
ent viruses of this family. Here, we propose a complex
and comprehensive miRNA-target genome interaction
map for viral and human miRNAs for the conserved re-
gions of the 15 species of Flaviviruses considered in this
study. Several physicochemical properties of top-rank-
ing miRNAs were identified and analyzed specifically
for this family.

Moreover, considerable similarity in network pattern
between viral miRNA and human miRNA with viral ge-
nome implies a conserved pattern of target selection. The
miRNAs from diverse species showed a close correla-
tion of their target selection in viral genomes, which sug-
gest that despite dynamic miRNA synthesis and function,
target preference may be conserved.

The distribution of miRNA target sites on different
regions of the viral genomes was also observed, which
might aid in interpreting the mode of miRNA action at
different levels including transcriptional, post-transcrip-
tional or translational. The transient expression profiles
of tiny miRNA markers can be used for easy diagnosis
and can provide a platform for multi-dimensional treat-
ment plan, which may aid in designing effective strategy
against viral diseases. Despite complex relationship be-
tween miRNAs and viral genomes, emerging evidences
suggest that the use of anti-miRs to target miRNA in vivo
provides a novel and potential therapeutic approach for
these viral diseases.
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