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Abstract:

The transcripts which do not produce proteins and longer than 200 nucleotides are known to be long non- coding
RNAs (IncRNAs). Mutations associated with disease is often studied to know about disease and its prevention. The
mutations also help to diagnosis the diseases and develop new drug for the treatment of the diseases. Various
computational methods have been developed to study about the IncRNAs functions and mutations associated with
diseases but still, it is an unknown task. Machine Learning is one of the methods, which used to study about errors in
the RNA sequence. As a IncRNA is novel class of RNAs the mutations of it are not yet studied. The mutations in IncRNA
sequence play an important role in the disease development, so which can also be used as a strong biomarker of the
diseases. Previous studies identified the mutations using high throughput DNA sequencing technologies. This
proposed method focused on the mutation identification in Covid-19 long non-coding RNA sequence using Machine
Learning Approach. The proposed system is a novel Machine Learning method for identifying the possible point
mutations in the long non-coding RNA sequence. The results shown that this novel method has high accuracy in
identifying point mutations.
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1. INTRODUCTION

It has been a global pandemic due to the novel virus which is known as coronavirus or Covid-19.
The first whole genomic sequence coronavirus is placed in the GenBank of NCBI, which was found
in the China laboratory [1]. It is identified that the Covid-19 virus is transmitted from one human
to other human through direct contact or droplets [2,3]. The mutation of this virus has an effect in
the human body, it is a RNA virus [1].

The DNA (deoxyribonucleic acid) is a hereditary component in humans. Every cell in the body has
same DNA. It consists of four bases of chemical, adenine(A), Thymine(T), guanine(G), cytosine(C).
Human DNA has 3 billion bases, almost 99 % people has same bases. The sequence of these bases
helps in maintaining and building of an organism. The DNA molecule is a double helix consist of
two strands which are twisted around each other. RNA is a single strand, which plays an
important role in producing proteins required by the human body. DNA and RNA are important
components of viruses.

Previous research about Covid-19 is on the analysis of coding RNAs and shown that only 2% of
human genome has coding regions, the remaining is junk non-coding regions. The non-coding is
the portion where proteins are not produced. When compared to non-coding regions, the coding
portion is very less in the human genome.
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Studies shown that non-coding RNAs are more related to human diseases. The long non-coding
RNAs (IncRNAs) are the one of the groups of non-coding RNAs which is grater then 200
nucleotides in length. Recently research shown that mutations in non-coding RNAs alter their
function which leads to cause of disease. The newly identified long non-coding RNAs mutations
more associated with disease.

1.1 About IncRNA mutations

The changes in the DNA/RNA sequence of nucleotides are known as mutations.The mutations in
the sequence can change function of protein in the body, which leads to cause of disease. The
viruses related to RNA are different when compare to DNA related viruses i.e. they mutation rates
are higher[4]. The evolution of mutation continuously leads to loos immunity and become even
more harmful[4]. Point mutation is one of the RNA mutations which effect only one or some
nucleotides in the RNA sequence[4].Recently the scientists have proved that changes in the
regions of RNA that do not produce proteins can also lead to many diseases. previous studies
shown that the gene activity is controlled by long non coding RNA, i.e. it decides where and when
the gene is to be turn on and turn off. The changes or mutations of long non coding RNA can turn
on the gene and produce the protein in the wrong place at the wrong time and also the mutations
can eliminate or reduce the important protein production, when it is required to the human body.
The normal development or cause of a disease is due to disturb of actual protein production.

In many biological and cellular process, the IncRNAs are involved. The studies shown that the
cause of disease is due to dysfunction, misregulation or mutation of IncRNA [9, 10] [b]. LncRNA
disease database contains the information of association of disease with IncRNAs [11].So
identification of the mutations related to IncRNA helps to diagnosis several disease, by which
disease prevention or new drug can be developed for the treatment.So, all the mutations in the
IncRNA have impact on health.

1.2 Types of mutations

A change in the RNA sequence is known as a mutation. Mutations may be in small or large. Small
mutations are the changes in the single nucleotide or more nucleotides, whereas large mutations
are changes that effect the genes on a chromosome. The virus mutation at micro-level which
infects the immune system.

1.2.1 Mutations are of different types: point mutation, insertion mutation, deletion mutation
and substitution mutation and frame shift mutation [13]. Point mutation changes only one
nucleotide. Substitution mutation one or more nucleotides or substituted or replaced with same
nucleotide. When one new nucleotide is inserted in the sequence, then it is known as insertion
mutation and when any nucleotide is deleted from the sequence then it is called as deletion
mutation.
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Fig 1: Representation of original sequence and point mutation sequence

Again, the point mutation is divided into silent, nonsense and missense. Silent mutation is the one
which changes codon codes of the amnio acid. The nonsense mutation is one which change the
stop codon. Missense Mutation is new Condon codes after mutation for different amino acid
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Fig 2: Representation of different types of point Mutations

The paper is organized as follows: Section 2 is background of Covid-19, DNA and RNA mutations.
The proposed algorithm to find point mutations in the Covid-19 IncRNA sequence and its
classification using Machine learning algorithm is in the section 3. Section 4 provides results and
performance evaluation of the algorithm. Then section 5 concludes with future work.

2. BACK GROUND

In past the researchers had found 12,706 mutations in Covid-19 genome, the major changes is due
to singe nucleotide and also discovered that from sequencing data that there is two single
nucleotide mutations in a month in Covid-19 Genome [5]. It is also identified that this virus carries
the protein name spike mutation which is very major in the world [5].

Researchers are observed the genetic mutations in coronavirus genome to detect novel mutations,
for understanding the biological potential changes. The rate of mutation in RNA viruses is faster
than their hosts [6,7]. Many mutations will not affect the transmission of viral, because they will
not change the protein structure [8,9]. The collection of mutations is marker for the viral strength.
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The studies related to the mutations are helpful in developing vaccines and drugs related to an
antiviral [5].

Mutation analysis is very important, so one of the advanced computational approach machine
learning is used for it. Some of the machine learning methods such as support vector machine,
decision trees and neural networks are used for analysing mutations based on protein behaviour
[6] and is used to find the secondary structure formation based on sequence primary structure [7-
9]. Machine learning techniques are used to predict the mutations that affect the behaviour of
protein and also used to help to know the new mutations which influence the certain drugs with
no effect [6]. Markov chain is machine learning tool developed to find the relative rate of changes
in the different nucleotides and also used to search the nucleotide replacements in the sequence of
RNA.

The virus mutation in the genome plays a very important role in disease development and also
reduce the life of the vaccine [30]. Pervious research identified the mutation in the protein
structure and analysed many biochemical properties related to protein to know the mutations
evolution.

The life of the vaccine can be determined by the mutations [30].The vaccine is not effective when a
mutations are very high in rate [30].Previously they studied point mutation and its properties
related to biochemical using bioinformatic tools[30].In depth study of origin of mutations of
protein is analysed to understand the changes of virus spread[30].Covid-19 mutations in the
protein are analysed to know its pattern growth and also helps to have to further study of
proteins[30].Mutation analysis is going to help in both non-structural and structural proteins of
the virus and it is very important to determine the origin of the virus. The recent studies on
proteins and sequences identified that S-protein and N-protein are helpful for drug design [30]. So,
analysing the mutations in the proteins and sequences are very important to fight against Covid-
19[30]. The infection is mild and severe in human due to Covid-19 [30].

Attributes of protein is parameter which specifies the important information of sequence of
protein [31]. To replace composition of amino acid to reduce losing order of sequence
information, the composition of pseudo amino acid is found [2001 32,33]. It is used extensively to
know protein related attributes, which helped to identify virulent bacterial protein [34], Super
secondary structure prediction [35], protein location of subcellular [35-38] types protein
membrane prediction [39], finding proteins allergenic [40], protein structural class prediction
[41], amnio acids classification [42] and so on

2.1 Mutations in the IncRNAs related to many diseases

IncRNAs are present in the complete life cycle of cell and plays very important roles in the
biological processes[10]. The research evidences shows that the dysregulations and the mutations
of IncRNA involved in various human complex diseases development.Analyzing the disease
association with IncRNA is become very important task in the bioinformatics [10]. Understanding
the disease mechanism at level of IncRNAS helps to identify disease biomarker, diagnosis of
disease, prevention, treatment and prognosis [10]. IncRNAs are playing very important roles in
many complex diseases of humans. The dysregulation and mutations of IncRNAs are related to
various diseases of human [11,12,13,14,15-17], such as cancer related to thyroid [18], lung
[19,20], breast [21,22], bladder [23], ovarian [24] and colon [24]. The other diseases such as

6556



SPECIALUSIS UGDYMAS / SPECIAL EDUCATION 2022 1 (43)

diabetes [25, 26], AIDS [27] and AD [28] like so many more associated with many IncRNAS.
Recently many IncRNA databases have been developed such as LncRNADisease
(http://www.cuilab.cn/Incrnadisease) [29]. Many models related to machine learning are
developed to predict the novel IncRNAs associations with disease. All those models have its own
advantages and disadvantages.

3. PROPOSED METHODOLOGY

It is the new method, which uses IncRNA sequence to find the mutations related to Covid-19
diseases. The mutations of RNA sequence analysis help to know the mutation process, cause of the
mutations that directs to develop drugs related to it. In this proposed system we used novel
algorithm idlncRNAseq [43] to extract long non coding RNA sequence from the Covid-19 DNA
sequence. The extracted long non coding RNA is used as input to this proposed system to find the
point mutations in the long non coding sequence. By using proposed algorithm, the system is
trained by giving set of Covid-19 long non coding sequences as input. In the input every feature is
a nucleotide in the long non coding RNA sequence which matches to the output feature of the
sequence.

The data of long non coding RNA is collected from that novel algorithm idilncRNAseq [43] by giving
Covid-19 DNA sequences as input. The Covid-19 DNA sequences which are aligned are collected
from NIH Genomic data. The learning is performed to find the virus mutation rules to predict the
point mutations. The mutations in IncRNA sequence can be used for disease diagnosis and also
useful for developing new drug for the Covid-19

This proposed system is focused on the point mutations that occur in the long non coding
sequence of Covid-19 virus. This analysis of detecting point mutation is done by monitoring the
changes in the nucleotides sequence. The mutation of the IncRNA sequence of Covid-19 virus is
predicted by applying the techniques of machine learning to extract their patterns and rules. The
proposed algorithm is applied on an aligned IncRNA sequence which is extracted by the novel
algorithm recently.

The technique of the proposed system is used to find point mutations in the Covid-19 IncRNA
sequence. The first step of technique is to provide both input and output. The input and output of
the system is defined by 4 times of the number of nucleotides in the IncRNA sequence. hence it is
represented by 4 binary bits i.e.,, the nucleotide A is represented by 0 and the nucleotide C is
represented by 2 and the nucleotide G is represented by 2 and nucleotide U is represented by 3.
The distance of each nucleotide is same, but the distance between 1st and 3rd are not same as
between 1st and 2nd nucleotide. The frequent nucleotides bases are identified by applying
sequential rules between the nucleotides. Next finally the mutations in the sequence are identified
with the help of codon table and all the features of nucleotides.

Let consider nucleotide sequence N with set of nucleotides

Let take target class M to find mutation in the Covid-19 IncRNA sequence.

The target class maximizes the likelihood Of M
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P(M|N) =P(n1,n2,..nn|B) (D

since the present work is to classify the IncRNA sequence into mutation and non-mutation
sequence, a binary class B € {0,1} was considered where 1 is the mutation in the sequence and 0
denotes non mutation in the sequence. For Binary classification the class for the sequence sample

could be determined by comparing two classes such as

p (B=1) TT=pi (ni | B=1)

p (B=0) TT;" i=Pi (ni | B =0)

2)

p(B=1|N=n1,n2,n3....n)

p(B=0|N=n1,n2,n3,....nn)

The equation (2) can be represented as

i=1 Pi(Ni |B=1) 3
0PN E o e 3)

p (B=0) n, Pi(ni | B=0).

Hence the mutation will be identified as

p(B=1|N=n1,n2,n3....ns)
>=() 4)

p(B=0|N=n1,n2,n3,....0n)

The classifier performance depends on the equation (4)

3.1 The sequence of IncRNA is expressed as
IncRNA =n1, n2, n3,...,nj ..., Nn
Where s €{A(adenine), C (cytosine), G(guanine), U(uracil) }

3.1.1 Algorithm: Pseudocode of IdmutlncRNAseq

Input: Long non coding RNA Sequence each of N nucleotides, each nucleotide have A,C,G,U

Output: nucleotide n1,n2,,,nn,where nm1,nm2...nmx are the mutations

1.Begin
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2.finding frequent nucleotide base(s)
3.Applying sequential rules between nucleotides bases(s)
4.def IncRNAseqMuation(IncRNA):
5.Comparing nucleotides with codon table
6.def idMutiation(IncRNA,codon)

7.for pos in range(len(IncRNA)):

7.1  IncRAN[pos]! =codon[po]

7,2 display the Mutation

7.3  return MutationSeq

8.Displaying the mutations

9.End

According to my review and knowledge, for classification of IncRNA sequence into mutation and
non-mutation sequence there is no computational approach developed until now. An important
task of machine learning approach is the classification, here the proposed system classifies the
IncRNAs sequence with point mutations and the sequences without point mutations.

COVID-19
cRNA Seq
without Mutation

COVID-19
IncRNA Sequence

ﬂ. O TR, <
(Novel algorithm)

INPUT

OUTPUT

\ COVID-19
IncRNA Segq with

Mutations

Fig 3: proposed system with novel approach of identification of point mutations and its
classification.

This proposed system extracted features using novel algorithm idmutlncRNAseq and identified
point mutations in the IncRNA sequence and used Naive Bayes classification algorithm to classify
the covid-19 IncRNA sequence into mutation and non-mutation sequence. Naive Bayes is a
statistical algorithm for classification which is used successfully in bioinformatics. The naive bayes
is same that of Covariance Determinant (CD). This algorithm assumes the features are
independent of each other for the outcome. Naive bayes classification algorithm finds the results
with maximum probability of set of observed features

4. Performance comparison
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The algorithm performance is evaluated using specificity, sensitivity and accuracy.TN TP FN and
FP represents the number of correctly not identified mutations, the number correctly identified
mutations and correctly not identified non mutations and correctly identified non mutations of the
nucleotides respectively. The present classifier dependents on independent attribute, and ROC
(receiver operating characteristic curve also represented. The classifier quality can be evaluated
by measuring the area under the ROC. The ROC score ranges from 0 to 1, with 0.5 is random
classification and score 1.0 is correct classification.

4.1 Results:

ACC = accuracy = (TP+TN)/(TP+TN+FP+FN)

Sp =specificity = TN /(FP + TN)
TPR = sensitivity = TP /(TP+FN)

FPR = (1-specificity) = FP/(FP/TN)

Results
Sensitivity
Specificity
AUuC
Positive Likelihood Ratio
Negative Likelihood Ratio
Disease prevalence
Positive Predictive VValue
Negative Predictive Value
Accuracy

98.000% 89.353% to 99.949%
95.000% 83.080% to 99.289%
0.965 0.903 to 0.992
19.600 S.074t0 75.713
0.021 0.003 t0 0.147
S55.556% 44.700% to 66.026%
S6.078% £6.380% to 98.954%
97.436% 84.501% to 99.624%
S6.667% 90.566% to 99.307%

Fig 4: performance of the proposed system

The identification of Mutations in the IncRNA sequence and the Naive bayes classifier is used to
classify the mutation and non-mutation IncRNA sequence with the accuracy of 96.66% with
average specificity 95 % and sensitivity 98% were obtained for the classification of mutation and
non-mutation by using the above novel algorithm features.

100

80

60

TPR

40

20

Point Mutation

AUC = 96.667%
P < 0.001

o

Fig 5: proposed system maximum Accuracy of point Mutation

20 40 60 80 100
FPR

A twofold cross-validation approach is done on the sequence dataset and found that the proposed
algorithm achieved maximum accuracy of 96.6%. Present method yielded a best ROC score of and
predictive accuracy with to the best of my knowledge, there is no method to classify the IncRNA

6560



SPECIALUSIS UGDYMAS / SPECIAL EDUCATION 2022 1 (43)

sequence into mutation and non-mutation sequence for any other disease, so with the published
result this algorithm is confirmed that it is best method.

5. Conclusion:

This proposed system identified point mutations in the Covid-19 IncRNA sequence and classified
the IncRNA sequence into mutation sequence and non-mutation sequence. The accuracy of the
classification of mutation sequence and non-mutation sequence is 96.6%. This classification is
more useful for diseases analysis and development of new drug. In future, it can be extended to
find severity of diseases with the help of mutations in the IncRNA sequence.
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