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Abstract-Nowadays, zika virus infection-occurred in brazil-is
becoming serious global problem. Temporary treatments-using
drug-can alleviate symptoms for a while but cannot be a basic
solution for infections. We researched amino acids of Zika virus
and other four kinds of flaviviruses-Dengue fever, Yellow fever,
Saint Louis, Japanese Encephalitis-with  bioinformatic
experiment; Apriori, K-means and Decision Tree algorithm.
Results show differences and common things among them-
Japanese Encephalitis has most representative amino acid.
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I. Introduction

Zika virus is being widely spread in South America and Asia
region and it is one of the most popular issues throughout the
world[1][2]. Zika virus is mainly transmitted by the Aedes
aegypti and Aedes albopictus. Major symptoms of Zika virus
are headache, ophthalmitis, arthralgia, nausea, ganglion and in
serious cases it can lead to general paralysis [3]. To diagnose,
we should check antibody inside the blood or detect RNA of
Zika virus.

Zika virus is one of the species in flavivirus genus. There are
several viruses which belong to flavivirus genus for instance
Yellow fever[4][5], Japanese Encephalitis[6][7], dengue
fever[8][9][10], St. Louis Encephalitis[11] etc. Flavivirus
usually infected with mosquitoes have similar traits and shares
lots in common[12]. The purpose of our research is to show
new approach of analyzing Zika virus based on similarities
and differences between flavivirus. Therefore we should find
out how Zika is similar with other flaviviruses in the aspect of
base sequence. In this process, we will contrast each viruses
which belongs to flavivirus, using bioinformatic ways-K
means, apriori, decision tree algorithms-and find out some
similarities and differences among them.

11. EXPERIMENT

A. GENERAL OUTLINE OF EXPERIMENT

We had an experiment of five flavivirus: Dengue fever,
Japanese Encephalitis, Saint Louis, Yellow fever, and Zika
virus. We used three algorithms to determine similarities and
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differences of these viruses : apriori, k-means and decision
tree algorithms. We divided each sequences to 5,9,11
windows for the convenience of the study. Surprisingly,
results of apriori and k-means could not show the tendency
among 5 viruses, but the results of decision tree algorithm
showed the tendency between them.

B. Experiment using Apriori

1) Concept of Apriori

Apriori is an algorithm which can search the frequent
elements in the database using the set theory[13]. It also
enlarges the frequent data set to efficiently analyze the data set.
Using Apriori algorithm, we can apprehend the general trend
within the database. We tried to find out the tendency among
five flaviviruses with apriori algorithms. Main purpose of this
algorithm is to figure out protein(amino acid) which has
highest frequency in each sequences. It averages the
sequences of each windows with statistics ways, and make the
outcome; most common amino acid of that virus.

2) Apriori Results

We chose top five amino acid frequency of each viruses and
windows. As you can see tables below, each of five virus has
different figures.

(A=Dengue fever, B=Japanese Encephalitis, C=Saint Louis,
D=Yellow fever, E=Zika virus)

Table 1. Results of 5 windows.

1st 2nd 3rd 4th 5th
A amino2 amino4 aminol aminol amino3
=G 14 =G 14 =V 11 =S 10 =G 10

B amino2 aminol amino2 amino2 amino5
=E 20 =G 18 =R18 =V18 =V 18

C amino5 aminol amino2 aminol amino3
=T 15 =V 10 =S 10 =T9 =T9

D aminol aminol amino2 amino3 amino4
=K 9 =V 9 =V 9 =G 9 =A9
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amino2 amino4 aminol aminol amino3
=G 14 =G14 =V11 =S 10 =G 10
Table 2. Results of 9 windows.
1st 2nd 3rd 4th 5th
amino5 amino7 aminol amino3 amino4
=G 10 =S10 =G9 =P8 =V7
amino3 amino3 amino5 amino7 aminol
=E 13 =R 13 =V 13 =A12 =R 11
amino2 amino3 amino4 amino5 aminol
=A8 =T8 =T8 =L 8 =G7
amino4 aminol amino3 amino8 aminol
=T9 =G8 =V 8 =A7 =K 6
amino5 amino7 aminol amino3 amino4
=G 10 =S 10 =G9 =P8 =V7
Table 3. Results of 11 windows.
1st 2nd 3rd 4th 5th
amino3 amino  amino amino  aminol
=L 9 7=G9 1=G8 5=G7 0=D7
amino2 amino amino amino  aminol
=E 12 1=R 6=A 7=R =E 10
11 11 11
amino amino  amino  amino amino
11=T7 1=V6 6=G6 1=G5 2=G5
Amino amino amino  amino amino
1=G6 2=T6 3=A6 11=V 3=G5
6
Amino amino amino  amino amino
3=L9 7=G9 1=G8 5=G7 10=D7

Numbers of Table 1~3 represent the average figure of amino
acids found in each windows.

3) Results analysis

As we mentioned in introduction, purpose of our study is to
find out similarity among flaviviruses and work out a way to
treat Zika virus. However, we could not find exact common
ground. Instead, it is certain that each viruses should be treated
with different genetic ways, although all of them belong to
same flavivirus.

C. EXPERIMENT USING K MEANS ALGORITHM

1) Concept of K means

K-means clustering is a clustering method which divides N
databases into k clusters. It aims to minimize the dissimilarity
and cost function in each cluster. While in the process the
similarity within the data object increases and similarity
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between the data object decreases. Complexity of the
algorithm depends on the number of cluster and the sum of
squares.

Doing experiment of each 5 cases and 3 windows(5,9,11
windows) takes a long time and too complicated to analyze.
So we divided each sequence into pieces, connecting them
together and made it to one amino sequence. Then apply it to
k-means algorithms. For example, in 5 windows, sequence
structure will look like Table.4.

(A=Dengue fever, B=Japanese Encephalitis, C=Saint Louis,
D=Yellow fever, E=Zika virus)

Table 4. Structure of sequences for k-means.

Al A2 A3 Ad A5

MIMMIMIIIIIMMIMIIIIIMIIIMM MMV
ABCQDEABCDE AB CDOE AB CD E A B

V is for virus, and A is for amino acid. For example, in 5
windows algorithm, %5 sequences of each virus consists each
window.

2) K-means result

Table 5. Results of 5 windows.

Attribute  full data(524.0) cluster 0(322.0) cluster 1(202.0)
aminol \Y T G
amino2 G G E
amino3 G G E
amino4 G G K
amino5 A A G
Cleavage 2 5 2

cluster 0:T,Q,G,E,A5
cluster 1:M,M,G,K,R,2

Table 6. Results of 9 windows.

Attribute  full data(292.0) cluster 0(202.0) cluster 1(90.0)
aminol G G V
amino2 A A C
amino3 G G P
amino4 A E A
amino5 G L G
amino6 \Y \Y T
amino7 S G S
amino8 K K D
amino9 A A R
Cleavage 2 2 2
Table 7. Results of 11 windows.

Attribute  full data(239.0) cluster 0(138.0) cluster 1(101)

aminol G G \Y

amino2 E T E

ICACT2017 February 19 ~ 22,2017



International Conference on Advanced Communications Technology(ICACT) 456

amino3
amino4
amino5
amino6
amino?
amino8
amino9
aminol0
aminoll
Cleavage

MUK 40000
a<<o<rooomnr
NMNM=—=r>0>-HA0>

7 47 14 9
13 126 17 25
6 50 14 9
6 55 11 5
21 45 13 10

-
BN W N g

Table 9. Results of 9 windows

A B C D E

3) Result analysis

Biggest reason we used k-means algorithm was to find out
specific common things-using clusters-among them because
we could not find out something special with apriori algorithm.
However, no matter cluster is 0 or 1, there was nothing general;
all five of them was different. Therefore It is certain that even
partial amino acid of them is totally different and they should
be treated with different genetic ways, although all of them
belong to same flavivirus

D. Experiment using Decision Tree algorithm.

1) Concept of Decision Tree

We used Decision tree algorithm to figure the difference and
similarities between five flaviviruses. Decision tree algorithm
classifies the data bases by dividing them with certain
standards[14]-[15]. Using Decision tree, we could determine
the position of amino acid. So, we used this algorithm to
analyze the best according position of the amino acid. By
analyzing the best according position it is easy to find the
inclination within the databases.

Figure 1. example of the decision tree

----- Joooe gk |

a0 e

2) Decision Tree results
(A=Dengue fever, B=Japanese Encephalitis, C=Saint Louis,
D=Yellow fever, E=Zika virus)
Table 8. Results of 5 windows

A B C D E
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4 28 7 4 7
10 69 11 11 1
3 34 0 4 2
0 31 7 7 2
11 28 5 7 2

Table 10. Results of 11 windows

A B C D E
2 23 3 4 9
6 56 10 11 1
2 25 6 3 1
2 30 2 1 1
13 24 3 1 0

Figures in tables mean the number of position that virus
have in tree; virus which has largest number takes largest area
in tree. In all windows, figures for ‘b(Japanese Encephalitis)’
was the largest. Therefore, amino acid of other four viruses-
except Japanese Encephalitis-resembles to that of Japanese
Encephalitis.

4) Result analysis

As we mentioned in introduction, there are several viruses
which are similar to Zika and belonged to flavivirus. Through
results of decision tree, we could figure that amino acid of
Japanese Encephalitis is most representative for flaviviruses.
There are some common things between Japanese
Encephalitis and others. They usually inhabit south-east Asia
and south-pacific area. If human became infected by
mosquitoes, in most case, patient suffers from acute high-
fever and headache and these can even lead to shock-
syndrome. These are similar to Japanese Encephalitis virus-in
the aspects of infection route, diagnosis, and symptoms.

I11. Conclusion

We had researched about differences among zika virus and
others belong to flavivirus to suggest most efficient genetic
treatment. We had experiment with three algorithms -apriori,
k-means, and decision tree algorithm. In apriori and k-means,
we could not find common things among five viruses; amino
acids which have highest frequency of each virus were
different. Therefore. it is evident that genetic treatment should
not be focused to most common amino acid.

Instead, as you can see results of decision tree, Japanese
Encephalitis was most representative of five flaviviruses. We
could have already predicted that symptoms and treatment of
five viruses are similar. Additionally, with decision tree
algorithms, we concluded that treatments of japan mosquito
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encephalitis could be general solution for flavivirus including
Zika virus.
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