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ABSTRACT: In these days Dengue disease has become a serious health problem in all over the world. The
dengue research also aims to provide better observation to limit the effect of dengue epidemics. Since
several years, there is no good dengue vaccine available till now that can completely cure a patient but
researches are going on to develop the good vaccine. In this study, we are targeting the NS5
Methyltransferase protein of dengue virus. It is the largest and most conserved protein of the dengue virus.
Here, we present data of the influence of the methyltransferase domain (NS5-MMTase) of dengue virus
(DENV). We have taken the complete data of (accession code) Methyltransferase protein, statistically
consider each protein and apply a hidden Markov model approach (forward algorithm) to find which gene
sequence is better for further analysis in bioinformatics field. In this study, we converted the protein
sequence into the gene sequence and then calculated the probability of each character. In the second step,
we draw the matrix with the help of HMM parameters and find the estimated value of observation sequence
i.e. the value of P (O|A). Although, most of the machine learning approaches were used in previous literature.
But in this work we focus on the HMM technique because this is the mathematically strong and give the
accurate result in most of cases. So, in the future we can use other machine learning, deep learning

approaches on the bases of gene sequence and huge datasets of genome.

Keywords: Dengue virus, Methyltransferase protein, NS5 protein, Hidden Markov model.

Abbreviations: DENV, Dengue virus; NS, Non-structural protein; MTase, Methyltransferase; RdRp, RNA-dependent
RNA-polymerase; HMM, Hidden Markov Model; PDB, Protein data bank.

. INTRODUCTION

Dengue virus (DENV) is the cause of dengue fever. It
is a mosquito-borne single positive-
stranded RNA virus of the family Flaviviridae;

genus Flavivirus [1, 2]. Five serotypes of the virus have
been found, all of which can cause the full spectrum of
disease [3, 4]. Nevertheless, scientists are finding their
understanding of dengue virus may be simplistic, as
rather than distinct antigenic groups there appears to be
a continuum [5]. This same study identified 47 strains of
dengue virus. lts genomeis about 11000 bases of
positive-sense single stranded RNA (ssRNA) that codes
for three structural proteins (capsid protein
C, membrane protein M, envelope protein E) and
seven nonstructural proteins (NS1, NS2a, NS2b, NSS,
NS4a, NS4b, NS5) [8]. It also includes short non-
coding regions on both the 5" and 3' ends. Like the
dengue virus fever cancer is one of the diseases where
number of cases is increased year on year throughout in
the India and all worlds. Cancer Statistics in United
States of America says that in year of 2018, over 17
lakh new cases of cancer will be diagnosed. Among all
the cancer disease types, motely in women, breast
cancer is diagnosed most compared to other types of
cancers like lung or cervix cancer etc. The situation is
almost same in the India and in United States of
America and other country [10].

In the last few decades, Dengue has extended globally.
Researchers are identifying and studying the dengue
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viruses to understand the factors responsible for
transmitting the viruses to humans. They are
investigating the mechanism by which dengue virus
replicates itself and also exploring the structure of the
viral components, such as the Capsid membrane (C),
and envelope proteins (E) [6]. On the other hand,
Dengvaxia a tetravalent vaccine was developed by
Sanofi Pasteur which was consists of genes encoding
the premembrane (prM) and E proteins of dengue virus
(DENV) serotypes 1-4 (DENV 1-4) [6-7].

NS5 methyltransferase domain is the largest and most
conserved region (Fig. 1). It is also a bi-functional
enzyme with a methyltransferase domain (MTase;
residues 1-296) at its N-terminal end and a RNA-
dependent RNA polymerase (RdRp; residues 320—900)
at its C-terminal end [7-8]. A standard computational
and other experimental drug design is used for lead
compound optimization and in virtual screening studies
to find novel biologically active molecules [11].

Dengue virus is an RNA virus that has very high
mutation frequency with an average of 100 times higher
than the genomic DNA mutations. The accumulation of
mutations is a continuous process, together with the
possibility of intermolecular recombination for their
simultaneous infection with a different serotype that
could cause the appearance of a new serotype of
dengue virus [9].

NS5 is a large protein contains 67% amino acid
similarity with DENV 1-4 and has multifunctional protein
with several enzymatic activities [12].
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Fig. 1. The 5' and 3' untranslated regions and the
arrangement of the genes encoding 3 structural and 7
nonstructural (NS) proteins are shown.

Here, we summarize recently published work on the
NS5 protein, a very important enzyme drug target. NS5
is the largest (102 kDa) and the most conserved protein
(with ~ 70% sequence identify) among the four
serotypes expressed during infection by dengue virus
[13]. The enzymes informed byNS5 show they have
important functions in the replication of the virus, playing
a key role and suggesting NS5 as a potential antiviral
target. In this paper, we used NS5 MTase protein
sequences and apply the HMM to find the estimated
result. We are using this hidden markov model because
it's frequently used in the Bioinformatics. In future work
we will used other machine learning approaches like
Genetic Algorithm (GAs), Metropolis, and Deep
Learning Method etc. In general the main motivation for
using GAs in the discovery of high-level prediction rules
and find global maxima is that they perform a global
search and handle better with attribute interaction than
the greedy rule induction algorithms and dynamic
programming often used in data mining etc. and other
techniques [14]. Nowadays, the rapid progress in next
generation  sequencing  technology and  the
simultaneous development of bicinformatics tools have
allowed exploring novel genes coding for valuable
enzymes or proteins [15].

Hidden Markov Model: Hidden Markov Model is the
emerging theory and statically model [16]. The basic
Markov Model is the process where each state
corresponds to an observable occurrence and the state
transition probabilities depend only on the current and
precursor state. Hidden Markov Model is extended
application for more complex processes, like speech
recognition, bioinformatics and computational gene
finding and forecasting is defined as technique of
translating past experience into prediction of new things
which come in future [17-18]. It tries to evaluate the
magnitude and significance of forces and efforts that will
affect future operating conditions in an enterprise. So,
the estimation of type, quantity and quality of future
work is termed as Forecasting [19]. A general Hidden
Markov Model (HMM) consists of a finite set of states,
an alphabet of output symbols, a set of state transition
probabilities and a set of emission probabilities [20]. The
emission probabilities specify the distribution of output
symbols that may be emitted from each state. Therefore
hidden markov model, are two stochastic processes; the
process of moving between states and the second
process of emitting an output sequence. The sequence
of state transitions is a hidden process and is observed
through the sequence of emitted symbols.

Here, we have defined the HMM parameters for solving
this problem and applied this mathematical method on
the bases of gene sequence. In first step we selected
the MTase protein for computational analysis and we
take the input of twenty protein sequence from PDB
database. In this study, using the HMM approach to find
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the probability of DNA components of i.e. A, G, C, T
nucleotides.

In bioinformatics, it has been used in sequence
alignment, In-silico gene detection, structure prediction,
data-mining literature, and so on [20]. Our problem has
taken under the category of In-silico gene detection. In
previous paper we have study the three main types of
problems of Hidden Markov Model [21].

Hidden Markov Model is the probabilistic model based
on probability theory for the observed sequence to find
the hidden states and to make the discrete Markov
chain like that (O = O4, Oz, O3, _ _ _ ,071). A Markov
chain with 4 states (labeled A, G, C, T nucleotides to
code the gene sequence) with selected transitions has
been shown in (Fig. 2). We assume here, state A as 1,
G as 2, C as 3 and T as 4. Here present the state
transition function from the equation of HMM.

AtoA=ap
AtoG=ay;
AtoC=ay3
AtoT=ay

A |all |al2 |al3 |al4

G | a2l | a22 | a23 | a24

C | a3l | a32 | a33 | a34

T [ad1 [aa2 | a3 | ate THoT =1y

Fig. 2. A Markov chain with 4 states of A, G, C, T
characters and its transitions state.

An HMM is characterized by the following:

1. N, the number of states in the model.

2. M, the number of district observation symbols in each

state.

3. The state transition probability distribution A = aj,

where

A = aj= P[q: = Sjlqr1 = Si],

1<i,j<Naj 20 (1)
ia;=1 2

4. The observation symbol probability distribution B =

{bi(k)}, where

B ={bi(k)} =P[Vkattla:=S],

<jsN1sksM 3)

5. The initial state distribution 1 = [ 1], where

= Plat = S,

<isN (4)

6. O is the observation, where T is the number of

observation,

O0=010z2..cccnun. Or (5)

Given appropriate parameters of N, M, A, B and 1, the

HMM can be used as generator to given an observation

sequence.

The specification of the three probability measures A, B,

and 1. For convenience, we use the compact notation.

A=(AB,m (6)

Using forward method of HMM,

Initialization:

G1(i)= m b (01),

1<i <N

Induction:

Gt+1(j)=[2y=1 at(i)aij]bj (Ot41),

1<t<T-11<j<N.

Termination:

PO = 3} ar () (7)

So, P(O|A) is called the probability of observation

sequence of model A.
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Il. METHODOLOGY

In this research, we are working on the NS5 MTase
protein on the basis of resolution power of protein
sequence. Selected protein sequences are fetched from
protein data bank with all accession codes of NS5
MTase protein of dengue virus. When we are found the
new candidate of drug then we take that protein, which
has the highest resolution power (< 2.00 A) in the
crystallization structure. But in this methodology we will
decide the target protein with the help of Hidden Markov
Model approach.

In first step we used the online computational method to
convert protein sequence into gene sequence. After that
found the value of (A, B, 1) parameters then we are
using the forward algorithm of HMM for finding the value
of probability P(O]A) of observation sequence (i.e. gene
sequence). In (Fig. 3) illustrates the flow chart, how we
find the estimated value of P(O|A) of a gene sequence
of NS5 Methyltransferase protein of dengue virus.

Data availability: Coordinates and structure factors for
DENV-2 NS5 Methyltransferase protein complexes are
available in the Protein Data Bank (PDB). To retrieve
the sequence of NS5 Methyltransferase (accession
codes) of 1L9K, 1R6A, 2P1D, 2P3L, 2P30, 2P3Q,
2P40, 2P41, 3EVG, 4VOQ, 5EIF, 4R05, 3SMTE, 5E9Q,
3P8Z, 5EC8, 5EKX, 3P97, 5CUQ and 3MQ2 from
RCSB protein data bank. In Table 1 showing the data of
protein sequence which used as target pdb code,
resolution power, residues count (length of sequence in

amino acids) and last these references which used in
previous literature [22-31].

Input of NS5 Methyltrasferase protein
sequence of Dengue Virus

v

Protein into DNA sequence

v
Find the frequency of A, G,Cand T
nucleotides in DNA sequence

v
Calculate the average value of
A, G, C and T nucleotides
v
Select any protein sequence which
has the highest average value

v
Prepare the A(aij), Bj(k) and =i value
for the DNA sequences
v
Find the value of P(O|A) using the
forward algorithm of HMM

v
Arrange the value of P(OJ%) in
descending order of DNA sequence

Fig. 3. Flowchart of Hidden Markov Model approach.

Table 1: List of the Dengue NS5 Methyltransferase protein sequence into DNA sequence for using online
computational method.

S.No. Pdb Resolution Residues References
code Power Count

1. 2P1D 2.90 A 305 Egloff et al., (2002) [22]
2. 2P30 2.76 A 305 Egloff et al., (2007) [23]
3. 2P3Q 2.75A 305 Egloff et al., (2007) [23]
4. 2P40 2.70 A 305 Egloff et al., (2007) [23]
5. 1R6A 2.60 A 295 Benarroch et al., (2004) [24]
6. 1L9K 2.40 A 305 Egloff et al., (2002) [22]
7. 4V0Q 230A 892 Zhao et al., (2015) [25]
8. 3EVG 220 A 275 Geiss et al., (2009) [26]
9. 2P3L 220 A 305 Egloff et al., (2007) [23]
10. 5EIF 2.00 A 552 Benmansour et al., (2017) [27]
11. 4R05 2.00 A 534 Brecher et al., (2015) [28]
12. 3MTE 1.80 A 444 Macmaster et al., (2010) [29]
13. 2P41 1.80 A 305 Egloff et al., (2007) [23]
14. 5E9Q 1.79 A 512 Benmansour et al., (2017) [27]
15. 3P8z 1.79 A 534 Lim et al., (2011) [30]
16. 5EC8 1.76 A 552 Benmansour et al., (2017) [27]
17. 5EKX 1.76 A 552 Benmansour et al., (2017) [27]
18. 3P97 1.74 A 534 Lim et al., (2011) [30]
19. 5CuUQ 1.74 A 534 Brecher et al., (2015) [28]
20. 3MQ2 1.69 A 436 Macmaster et al., (2010) [29]

lll. RESULTS AND DISCUSSION

In this work, we target the DENV NS5 MTase protein
sequences. These selected MTase proteins are target
of DENV-2 virus. Protein sequence has been converted
into the DNA sequence. Reverse-translation of the

Katiyar et al.,

International Journal on Emerging Technologies 11(1): 270-279(2020)

protein sequence into DNA sequence using the online
computational method (Translate DNA and RNA
sequences to protein sequences) has been done. Now
we have counted the A, G, C and T nucleotides and
also show the probability of each A, G, C and T
nucleotide in the given DNA sequence. (Table 2)
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From (Table 2), find the result that DNA sequence
corresponding the protein sequence highest probability
of nucleotide A or average probability of each
nucleotide. Now we apply the forward algorithm of
Hidden Markov Model technique to find the HMM

parameters (A= A= aj, B= bj(k) and 1= ;) of each DNA
sequence. Below the Table showing the matrix data are
filled by the A, G, C and T counts in each gene
sequence.

Table 2: A value of the A, G, C and T nucleotides in DNA sequence.

PDB Total no. of Probability of each
S-No. code DNA Sequences A G ¢ T nucleotides nucleotides (A, G, C, T)
1. 2P1D ATGG............ GACA 182 175 70 103 530 2.91 3.02 | 7.57 5.14
2. 1R6A GGAA............ GACA 175 171 66 102 514 293 | 3.00 | 7.78 | 5.08
3. 3EVG ATGG............ CACA 162 159 63 97 481 293 | 3.02 | 763 | 4.95
4. 3P8Z GGCC............. GACG 308 314 128 186 936 3.08 | 298 | 7.31 5.038
5 1L9K ATGG............ GACA 182 175 70 103 530 2.91 3.02 | 7.57 5.14
6 2P3L ATGG............ GACA 182 175 70 103 530 2.91 3.02 | 7.57 5.14
7 2P30 ATGG............ GACA 182 175 70 103 530 2.91 3.02 | 7.57 5.14
8 2P3Q ATGG............ GACA 182 175 70 103 530 2.91 3.02 | 7.57 5.14
9 2P40 ATGG............ GACA 162 159 63 97 481 293 | 3.02 | 7.63 4.95
10 2P41 ATGG............ GACA 182 175 70 103 530 2.91 3.02 | 7.57 5.14
11 5EKX GGAC............ GTAT 305 351 108 216 980 3.21 2.79 | 9.07 4.53
12 5EIF GGAC............. GTAT 303 347 147 183 980 323 | 282 | 6.66 | 5.35
13 5EC8 GGAC.............. GTAT 303 347 147 183 980 323 | 282 | 6.66 | 5.35
14 5E9Q GAAC.............. GACG 343 317 109 167 936 272 | 295 | 858 | 5.60
15 5CuUQ GGCC.............. GACG 343 317 109 167 936 272 | 295 | 858 | 5.60
16 4V0Q ATGG............. GAGA 557 501 221 346 1625 2.91 3.24 | 7.35 4.69
17 3P97 GGCC.............. GACG 308 314 128 186 936 3.08 | 298 | 7.31 5.03
18 3MTE ATGG.............. AACA 286 198 82 189 755 2.63 | 3.81 9.20 | 3.99
19 3MQ2 ATGG.............. ATCC 162 286 146 146 740 456 | 258 | 5.06 | 5.06
20 4R05 GGCC.............. GACG 308 314 128 186 936 3.08 | 298 | 7.31 5.03
Sequence 1 with PDB id: 2P1D
(a) Azp1p=8jj
(b) Bar1p= bk
(C) ni(zpm): [0.6, 0.2, 0.1, 0.1]
(a) (b)
A G C T A G C T
A | 0390 | 0.219 | 0.176 | 0.214 A | 0.360 | 0.284 | 0.315 | 0.040
G | 0.299 | 0.428 | 0.074 | 0.198 G | 0.096 | 0.130 | 0.320 | 0.453
C | 0.436 | 0.140 | 0.253 | 0.169 C | 0.190 | 0.093 | 0.226 | 0.490
T | 0.259 | 0.538 | 0.057 | 0.144 T | 0.301 | 0.296 | 0.210 | 0.192
Sequence 2 with PDB id: 2P30
(a) Azpgo=aij
(b )sz30=bjk
(C) ni(zpso) = [0.5, 0.2, 0.1, 0.2]
(a) (b)
A G C T A G C T
A | 0.306 | 0.247 0.2 0.246 A | 0.366 | 0.225 | 0.194 | 0.215
G | 0.355 | 0.315 | 0.094 | 0.236 G | 0.342 | 0.352 | 0.081 | 0.225
C | 0.460 | 0.150 | 0.207 | 0.182 C | 0520 | 0.130 | 0.195 | 0.155
T | 0.271 | 0.565 | 0.061 | 0.103 T | 0.274 | 0.571 | 0.055 0.1
Sequence 3 with PDB id: 2P3Q
(a) Azrso=alij
(b) BzP3Q=bjk
(c) Migpsq)=[0.5, 0.3, 0.1, 0.1]
(a) (b)
A G C T A G C T
A | 0.310 | 0.245 0.2 0.245 A | 0.370 | 0.222 | 0.198 | 0.210
G | 0.356 | 0.317 | 0.090 | 0.237 G | 0.340 | 0.354 | 0.079 | 0.227
C | 0461 | 0.150 | 0.210 | 0.179 C | 0519 | 0.129 | 0.194 | 0.157
T | 0.270 | 0.566 | 0.063 | 0.101 T | 0.270 | 0.577 | 0.053 0.1
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Sequence 4 with PDB id: 2P40
(a) Azpao=alij

(b )Bapao=bjk

(c) Migpaoy=[0.5, 0.3, 0.1, 0.1]

(a)
A G ] T
A | 0.311 | 0.250 0.2 0.239
G | 0.355 | 0.320 | 0.090 | 0.235
C | 0461 | 0.152 | 0.207 | 0.180
T | 0.272 | 0.565 | 0.060 | 0.103
Sequence 5 with PDB id: 1R6A
(a) Atrsa=ajj
(b) Birsa = b
(c) Mitreay=[0.3, 0.6, 0.25, 0.75]
(a)
A G ] T
A | 0405 | 0.222 | 0.156 | 0.216
G | 0.307 | 0.412 | 0.077 | 0.203
C | 0.373 | 0.164 | 0.283 | 0.179
T | 0.262 | 0.533 | 0.058 | 0.146
Sequence 6 with PDB id: 1L9K
(a) A1|_9K=aij
(b) BiLek=bjk
(C) I'Ii(1L9K) = [0.5, 0.2, 0.1, 0.2]
(a)
A G C T
A | 0.308 | 0.250 0.2 0.242
G | 0.355 | 0.320 | 0.090 | 0.235
C | 0462 | 0.149 | 0.210 | 0.179
T | 0272 | 0.565 | 0.058 | 0.105
Sequence 7 with PDB id: 4V0Q
(a) Asvoo=aij
(b) B4on=bjk
(¢) Mig@voq) = [0.5, 0.3, 0.1, 0.1]
(a)
A G C T
A | 0.276 | 0.262 | 0.194 | 0.266
G | 0.356 | 0.294 | 0.128 | 0.219
C | 0437 | 0.223 | 0.214 | 0.124
T ] 0264 | 0.519 | 0.084 | 0.131
Sequence 8 with PDB id: 3EVG
(a) AsEVG=aij
(b) Bseva=bjk
(C) ni(sEVG) = [0.5, 0.2, 0.1, 0.2]
(a)
A G ] T
A | 0417 | 0.202 | 0.166 | 0.214
G | 0.282 | 0.429 | 0.077 | 0.211
C | 0376 | 0.187 | 0.265 | 0.171
T | 0.265 | 0.520 | 0.061 | 0.153
Sequence 9 with PDB id: 2P3L
(a) Azpg =aij
(b) sz3|_=bjk
(C) ni(zpsL) = [0.6, 0.2, 0.1, 0.1]
(a)
A G ] T
A | 0.310 | 0.250 0.2 0.240
G | 0.357 | 0.316 | 0.090 | 0.237
C | 0463 | 0.147 | 0.210 | 0.180
T | 0.270 | 0.566 | 0.061 | 0.103
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(b)
A G C T
A | 0371 | 0.220 | 0.198 | 0.211
G | 0.343 | 0.352 | 0.080 | 0.225
C | 0520 | 0.131 | 0.194 | 0.155
T ] 0.275 | 0.570 | 0.055 0.1
(b)
A G C T
A | 0.073 | 0.262 | 0.262 | 0.365
G | 0.500 | 0.024 | 0.131 | 0.345
C | 0500 | 0.222 | 0.28 | 0.249
T ] 0.306 | 0.600 | 0.68 0.26
(b)
A G C T
A | 0.370 | 0.220 | 0.196 | 0.214
G | 0.340 | 0.350 | 0.080 | 0.230
C | 0519 | 0.127 | 0.194 | 0.160
T ] 0.270 | 0.575 | 0.055 0.1
(b)
A G C T
A | 0.289 | 0.261 | 0.189 | 0.259
G | 0.375 | 0.290 | 0.118 | 0.214
C | 0449 | 0.222 | 0.210 | 0.117
T 10488 | 0531 | 0.081 | 0.128
(b)
A G C T
A | 0.346 | 0.285 | 0.202 | 0.165
G | 0.290 | 0.134 | 0.225 | 0.345
C | 0255 | 0.292 | 0.234 | 0.218
T 10395 | 0072 | 0.21 | 0.313
(b)
A G C T
A | 0371 | 0.219 | 0.195 | 0.215
G | 0.342 | 0.350 | 0.078 | 0.230
C | 0520 | 0.129 | 0.195 | 0.156
T ] 0.272 | 0.573 | 0.055 0.1
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Sequence 10 with PDB id: 5EIF
(a)Aser=aij

(b) Bser=bjk

(c) Miseip = [0.3, 0.5, 0.1, 0.1]

(a)
A G C T
A | 0.295 | 0.228 | 0.206 | 0.271
G | 0.348 | 0.31 0.069 | 0.262
C | 0.379 | 0.243 | 0.276 | 0.102
T | 0.296 | 0.521 | 0.055 | 0.128
Sequence 11 with PDB id: 4R05
(a) Asros=alij
(b) Baros=bjk
(C) |_|i(4R05) = [0.1, 0.6, 0.2, 0.1]
(a)
A G C T
A | 0.288 | 0.232 | 0.211 | 0.269
G | 0.348 | 0.334 | 0.077 | 0.241
C | 0.372 | 0.240 | 0.275 | 0.113
T ]0.291 | 0.529 | 0.057 | 0.123
Sequence 12 with PDB id: 3MTE
(a) Asute=alij
(b) Bswte=bjk
(c) Mi@mTey = [0.5, 0.3, 0.25, 0.75]
(a)
A G C T
A | 0.330 | 0.237 | 0.116 | 0.315
G | 0.417 | 0.208 | 0.164 | 0.208
C | 0.365 | 0.268 | 0.170 | 0.195
T | 0.372 | 0.344 | 0.045 | 0.237
Sequence 13 with PDB id: 2P41
(a) Azpar=alij
(b) Bopa1=bjk
(c) Mizpa1y=[0.5, 0.3, 0.1, 0.1]
(a)
A G C T
A | 0.307 | 0.250 0.2 0.243
G | 0.355 | 0.320 | 0.090 | 0.235
C | 0462 | 0.150 | 0.208 | 0.180
T ]0.271 | 0.566 | 0.061 | 0.102
Sequence 14 with PDB id: 5E9Q
(a) Asegq=aij
(b) Bsesa=bjk
(C) ni(SEgQ)= [0.2, 0.6, 0.1, 0.1]
(a)
A G C T
A | 0.295 | 0.226 | 0.207 | 0.272
G | 0.340 | 0.342 | 0.063 | 0.255
C | 0.379 | 0.241 | 0.276 | 0.104
T | 0.296 | 0.523 | 0.056 | 0.125
Sequence 15 with PDB id:3P8Z
(a) Aspgz=alij
(b) Bapsz=bjk
(c)Mi@pez) = [0.1, 0.5, 0.3, 0.1]
(a)
A G C T
A | 0.291 | 0.230 | 0.211 | 0.268
G | 0.345 | 0.334 | 0.080 | 0.241
C | 0373 | 0.241 | 0.275 | 0.111
T | 0292 | 0.528 | 0.055 | 0.125

(b)
A G C T
A | 0305 | 024 | 0.195 | 0.26
G | 0.370 | 0.335 | 0.058 | 0.237
C | 0.391 | 0.238 | 0.272 | 0.099
T ] 0.288 | 0.531 | 0.054 | 0.127
(b)
A G C T
A | 0.300 | 0.245 | 0.198 | 0.257
G | 0.342 | 0.357 | 0.069 | 0.232
C | 0.382 | 0.234 | 0.295 | 0.089
T ] 0.285 | 0.535 | 0.054 | 0.126
(b)
A G C T
A | 0.339 | 0.248 | 0.111 | 0.300
G | 0414 | 0.212 | 0.171 | 0.202
C | 0.348 | 0.302 | 0.162 | 0.186
T ] 0.378 | 0.329 | 0.043 | 0.248
(b)
A G C T
A | 0.368 | 0.222 | 0.196 | 0.212
G | 0.340 | 0.352 | 0.079 | 0.227
C | 0519 | 0.129 | 0.194 | 0.157
T ] 0.272 | 0.572 | 0.054 0.1
(b)
A G C T
A | 0311 | 024 | 0199 | 0.25
G | 0.373 | 0.330 | 0.057 | 0.237
C | 0.386 | 0.226 | 0.267 | 0.096
T ] 0.285 | 0.533 | 0.053 | 0.127
(b)
A G C T
A | 0.303 | 0.245 | 0.196 | 0.256
G | 0.340 | 0.359 | 0.069 | 0.232
C | 0.391 | 0.237 | 0.289 | 0.083
T ] 0.283 | 0.537 | 0.054 | 0.126
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Sequence 16 with PDB id: 5EC8
(a) AsECs=aij

(b )Bsecs=bjk

(C) ni(sEcs) = [0.2, 0.5, 0.2, 0.1]

(a) (b)
A G C T A G C T
A | 0.296 | 0.225 | 0.206 | 0.273 A | 0.305 0.24 0.195 0.26
G | 0.343 | 0.340 | 0.067 | 0.250 G | 0.375 | 0.330 | 0.057 | 0.238
C | 0.380 | 0.242 | 0.275 | 0.103 C | 0.396 | 0.232 | 0.273 | 0.099
T ]0.294 | 0.520 | 0.058 | 0.128 T | 0.288 | 0.530 | 0.055 | 0.127
Sequence 17 with PDB id: 5EKX
(a) Asexx=aij
(b) Bsexx=bjk
(c) Misexx) = [0.5, 0.2, 0.2, 0.1]
(a) (b)
A G C T A G C T
A | 0.290 | 0.236 | 0.209 | 0.263 A | 0.303 | 0.245 | 0.199 | 0.253
G | 0.356 | 0.315 | 0.082 | 0.246 G | 0.350 | 0.335 | 0.075 | 0.240
C | 0.378 | 0.257 | 0.272 | 0.090 C | 0.388 | 0.240 | 0.287 | 0.085
T | 0.306 | 0.519 | 0.054 | 0.120 T | 0.298 | 0.528 | 0.051 | 0.123
Sequence 18 with PDB id: 3P97
(a) Aspg7=alij
(b) Bspe7=bjk
(c) Mipery=[0.1, 0.6, 0.2, 0.1]
(a) (b)
A G C T A G C T
A | 0.291 | 0.230 | 0.211 | 0.268 A | 0.300 | 0.245 | 0.198 | 0.257
G | 0.347 | 0.333 | 0.078 | 0.241 G | 0.340 | 0.357 | 0.079 | 0.233
C | 0.370 | 0.241 | 0.274 | 0.112 C | 0.380 | 0.230 | 0.292 | 0.098
T ]0.292 | 0.528 | 0.057 | 0.123 T | 0.285 | 0.535 | 0.054 | 0.126
Sequence 19 with PDB id: 5CUQ
(a) Ascuq=aij
(b) Bscua=bjk
(C) ni(sch) = [0.2, 0.6, 0.1, 0.1]
(a) (b)
A G C T A G C T
A | 0.289 | 0.231 | 0.210 | 0.270 A | 0.302 | 0.243 | 0.197 | 0.256
G | 0.345 | 0.332 | 0.080 | 0.243 G | 0.339 | 0.358 | 0.069 | 0.232
C | 0.372 | 0.242 | 0.274 | 0.112 C | 0.378 | 0.227 | 0.287 | 0.083
T ] 0293 | 0.528 | 0.055 | 0.124 T | 0.286 | 0.538 | 0.050 | 0.126
Sequence 20 with PDB id: 3MQ2
(a) Asmaz=aij
(b) Bamae=bjk
(c) Mimaz) = [0.3, 0.2, 0.1, 0.4]
(a) (b)
A G C T A G C T
A | 0.194 | 0.337 | 0.207 | 0.259 A | 0.192 | 0.349 | 0.216 | 0.240
G | 0.284 | 0.261 | 0.223 | 0.230 G | 0.275 | 0.262 | 0.227 | 0.234
C | 0.237 | 0.388 | 0.244 | 0.129 C | 0.224 | 0.408 | 0.244 | 0.122
T | 0.112 | 0.605 | 0.112 | 0.169 T | 0.106 | 0.626 | 0.106 | 0.16

Using HMM parameters (A= A, B, ) and applying forward algorithm computational method. Computational results
are showing in Fig. 4.
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Output file

Fig. 4. Output of all possible confirmations of P(O| a).

In above, Fig. 4 showing the computational result via
forward algorithm. Using HMM parameters we simplify
the estimated value of observation sequence. In back of
this figure we write the forward algorithm code to get the
accurate result of observation sequence of P(O| 4).

Here, we are showing this Table 3 how to get that result.
PDB code is denoting the protein sequence code
(accession code) resolution power is showed the
crystallization structure of protein and last column is
value of P(O| A) of each protein (gene) sequence.

Table 3: Comparative table of resolution power and computational result of P(O| 1) using HMM forward.

algorithm.

S.No. PDB code Resolution Power Estimated Value of P(O| A)
1. 3MTE 1.80 A 9.12571297574780e-2"
2. 3MQ2 1.69 A 2.070484515632 e-*'®
3. 5CUQ 1.74 A 3.168163846644452¢-2%°
4. 5E9Q 1.79A 9.97682150936174e-2°
5. 4R05 2.00A 8.05668799576945¢-2°
6. 3pP97 1.74A 8.084576150979e-2"°
7. 3pP8z 1.79A 68.92936623203153¢2"°
8. 5EIF 2.00 A 4.6633022280066->"

9. 3EVG 2.20 A 3.435601382845763e-2"
10. 5EC8 1.76A 3.844785664598566->"
11. 5EKX 1.76A 7.3729826665308->""
12. 1R6A 2.60A 6.854042143922399e-*"°
13. 2P30 2.76A 1.9618432129379416e-**
14. 2P3Q 2.75A 1.882298836123327¢->"
15. 2P40 2.70 A 1.9618432129379416e-*
16. 1L9K 2.40A 1.9618432129379416e-*
17. 2P3L 2.20A 1.9618432129379416e-*
18. 2P41 1.80A 1.9618432129379416e-*
19. 4V0Q 2.30A 6.474723842632¢->"
20. 2P1D 2.90A 5.29¢-'

As shown in Table 3 compare the value of P(O| ) using
the computational method of forward algorithm. In other
word we can say that resolution power of protein

average resolution power. Here using the P(O| 1) is
probability of observation sequence and Fig. 5
presenting the graph of global maximum value of P(O|

sequence in terms of non-decreasing value of P(O| &) gésczrr?dt?ﬁg”g?/derd observation sequence in  non-
and found that highest probability also contains the ’
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Estimated Value of P(O|A) using HMM parameters
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Fig. 5. Showing the graph of P(O| ) value with the iteration (itr) of observation sequence.

In above graph, we shown the estimated value of
observation sequence P(O| 4) using the HMM
parameters. In x-axis we take the 1-20 gene sequence
and y-axis showing maximum value of P(O|A). The
estimated global maximum value using the HMM
parameters is lie between (8.00-9.00) value is 8.93¢*"
and lowest value lie between (1.00-2.00) value 1.15¢ %
where E is the exponential value.

NS5 protein has played an important role in the dengue
virus replication [12]. Information about the NS5 protein
is important for drug design and development and also
for effects of mutations on the NS5. Comparison and
classification of protein structure are essential to
understand protein function. Due to the problem in
computational capabilities and the increasing amount of
data structures, it is not possible to compare all the
existing  structures  using standard  methods.
Researchers have found that NS5 MTase is one of the
most important proteins of dengue virus replication.
Based on the result of function prediction, NS5 proved
to be one of the most important parts of dengue virus
replication. Some researchers have used NS5 MTase
for dengue drugs [32-34]. In mutations of protein
structure can cause changes in the secondary and
tertiary structure of proteins. Changes in the secondary
and tertiary structures affect the protein function and
folding. The change of secondary and tertiary structure
can affect the molecular docking simulation during drug
design process [35]. The present study and recent
works are based on this MTase protein and finding the
parameters of HMM. Then using the forward algorithm
to find the value of P(O| 1) of each DNA sequence of
NS5 MTase protein of dengue virus. In previous work
we have taken the same protein of dengue virus to find
the novel drug molecules as anti-dengue compounds
using in-silico protein-lig and molecular docking method
[36]. In this study we have done the analysis for DNA
sequence of NS5 Methyltransferase protein with the
help of computational methods.

IV. CONCLUSION

In this work, we used Hidden Markov Model for analysis
of DNA sequence of NS5 Methyltransferase protein of
dengue virus. The Hidden Markov Model approach
plays a major role in the bicinformatics field as well as in
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the prediction theory of many mathematical and
engineering methods. Using forward algorithm HMM
approach, the Table 3 showing the highest value of P(O|
). Conclusion of this method we say that estimated
value of observation sequence is depends upon the
average value of A, G, C and T characters of gene
sequence. On the basis of DNA base pairs we draw the
aj, bj(k) ™ matrix and conclude the highest global
maxima value of P(O| ). Analyze the Fig. 5 showing the
possible confirmations of each gene sequence. Novelty
of this work, we perform in-silico work using HMM a
computational method to find the best gene sequence of
(accession code) of NS5 MTase of dengue virus. HMM
technique much not used in this type of research work
and this method usage to solve the problem of large
data sets of proteins, genes and also used the whole
genome of any organism.

V. FUTURE SCOPE

In a further study, we will apply other approaches like
Genetic Algorithm (GA), Artificial Neural Network (ANN)
and etc. The result of HMM and other machine learning
approaches succeed then researchers will be used for
further research and study of NS5 Methyltransferase
protein of dengue virus for drug discovery.
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