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ABSTRACT The sequential labeling model is commonly used for time series or sequence data where each
instance label is classified using previous instance label. In this work, a sequential labeling model is proposed
as a new approach to detect the type and index mutations simultaneously, using DNA sequences from lung
cancer study cases. The methods used are One Dimensional Convolutional Neural Network (1D-CNN),
Bidirectional Long Short-Term Memory (BiLSTM), and Bidirectional Gated Recurrent Unit (Bi-GRU). Each
nucleotide in the patient’s DNA sequence is classified as either normal or with a certain type of mutation
in which case, its index mutation is predicted. The mutation types detected are either substitution, insertion,
deletion, or delins (deletion insertion) mutations. Based on the experiments that were conducted using EGFR
gene, BILSTM and Bi-GRU displayed better performance and were more stable than 1D-CNN. Further tests
were carried out on the TP53, KRAS, CTNNB1, SMARCA4, CDKN2A, PTPRD, BRAF, ERBB2, and PTPRT
gene. The proposed model reports F1-scores of 0.9596, and 0.9612 using Bi-GRU and BiLSTM, respectively.
Based on the results the model can successfully detect the type and index mutations in the DNA sequence
more accurately and faster without the need for other supporting data and tools, and does not require re-
alignment to reference sequences. This will greatly facilitate the user in detecting type and index mutations
faster by entering only the DNA sequence.

INDEX TERMS Bidirectional long short-term memory, bidirectional gated recurrent unit, DNA sequence,
lung cancer, mutation detection, one dimensional convolutional neural network, sequential labeling.

I. INTRODUCTION

Sequential labeling is one of the tasks for time series
or sequence data and is included in N-to-N tasks, where
the model will accept N inputs and produce N outputs
for each available input. Problems included in sequential
labeling are entity recognition [1], part of speech tagging [2],
semantic role labeling [3], keyword extraction [4], and

The associate editor coordinating the review of this manuscript and

approving it for publication was Yizhang Jiang

9004 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

other tasks that implement sequential labeling models.
These sequential labeling problems can generally be solved
by classical machine learning approaches, which include
Conditional Random Fields (CRF) [5], Hidden Markov
Model (HMM) [6], and other algorithms. When using the
classical machine learning method, it is necessary to select
the right attributes to obtain optimal performance. The second
approach is to use Deep Learning, which can be end-to-end
model, which means that there is no need to manually select
attributes to build the sequential labeling model. Included
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in the Deep Learning approach are Convolutional Neural
Network [7], Bi-directional Long Short-Term Memory
(BiLSTM) [8], Bidirectional Gated Recurrent Unit
(Bi-GRU) [9] or a combination of these methods [10]. In its
development, CNN, BiLSTM, and Bi-GRU have been widely
used in the medical field, especially in DNA sequence data
and have had a fairly good performance, including cancer
prediction on gene expression data [11], variant calling in
single molecule sequencing [12], and DNA binding site
prediction [13], [14]. However, the approach that is used
in this study is in the form of classifying a data sequence
producing a single class, and there exists no study that uses
sequential labeling model on DNA sequence data to achieve
this.

Deoxyribonucleic acid (DNA) is a genetic code com-
posed of adenine (A), cytosine (C), thymine (T), and
guanine (G) [15], which instructs the functions of growth,
metabolism, reproduction, and others in the body of living
things. Each gene in DNA has a specific function, so muta-
tions that occur in certain genes will cause certain diseases,
for example, mutations in the EGFR gene are common in
lung cancer cases [16]-[18]. In the field of bioinformatics,
the mutation types and index detection is generally carried out
using an alignment approach [19]-[22]. Alignment technique
requires reference sequences to predict mutations that occur
in the patient’s DNA sequence and requires a long time to
carry out the prediction process. Several studies exist that
have proposed machine learning-based mutation detection
systems [23]-[25]. The problem in these studies is that the
model built only detects the type of mutation without its index
or the model that is built still requires other data besides the
patient’s DNA sequence or additional tools, so that if there
is only a patient’s DNA sequence, the mutation detection
process becomes constrained.

Based on these problems, this study proposes a new
approach to detect type and index mutation namely join
classifier for type and index mutation detection using
sequential labeling model. The methods used are 1D-CNN,
BiLSTM, and Bi-GRU to get the best detection system.
The types of mutations detected include Single Nucleotide
Variant (SNV)/substitution, insertion, deletion, and delins
(deletion insertion), while the index of the mutation is
the index/point where the mutation occurs in the DNA
sequence. Substitution are nucleotide changes that occur at
a certain point without changing the length of the sequence,
insertions are the addition of nucleotides in the DNA
sequence, deletions are a reduction in nucleotides in the DNA
sequence, while in delins insertion and deletion mutations
occur simultaneously at a certain point. In insertion, deletion,
and delins there occurs a change in the length of the DNA
sequence. Ten genes sequences in lung cancer that have the
most mutations including EGFR, TP53, KRAS, CTNNBI,
SMARCA4, CDKN2A, PTPRD, BRAF, ERBB2, and PTPRT,
and its mutations from the public database, namely the
Catalog of Somatic Mutation in Cancer (COSMIC) [26], are
tested in this study.
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This study contributes through the sequential labelling
model with the simple BiLSTM and Bi-GRU architecture
which is effective in detecting four mutations types (SNV,
insertion, deletion, and delins) and their mutations index
that occur in the ten genes of lung cancer DNA sequence.
BiLSTM and Bi-GRU models with simple architectures will
potentially have faster training and testing times than models
with larger architectures, so the proposed model can detect
types and index mutation within average 0.0105 seconds
for a single sequence. The sequential labelling model scans
nucleotide in a DNA sequence and can classify based on
whether the mutation occurs and consequently identifies its
mutation index. The model can is capable of detecting several
types and index mutations at once from one DNA sequence.
This is different from the usual classification model which
only classifies one whole sequence to a certain label, without
detecting which nucleotides are mutated.

Furthermore, the proposed method can later be used
to calculate the number of mutations that occur in one
sequence which can be used to determine the mutation rate
in certain diseases. Index mutation detection is also useful
for determining new mutations that occur in cancer, other
diseases, or new virus variation, through comparison of index
mutations between patients. The sequential labelling concept
works in the same way as the alignment technique, which
checks each nucleotide in a sequence, but the proposed
model has a much faster detection time and does not need
reference sequence. The proposed model also only requires
DNA sequences to be detected, without the need for other
data or tools to detect the type and index of mutations. This
will greatly facilitate the user in detecting mutations using the
proposed model because the user only needs to enter the DNA
sequence.

Il. MATERIAL AND METHODS

The proposed sequential labelling model for detecting the
type and index simultaneously of genetic mutations in the
DNA sequence data uses 1D-CNN, BiLSTM, and Bi-GRU
model. Data sequences, from the DNA sequence of ten genes
in lung cancer that have the most mutations, including EGFR,
TP53, KRAS, CTNNBI, SMARCA4, CDKN2A, PTPRD,
BRAF, ERBB2, and PTPRT, are selected in this study to
test the efficacy of the model. This section presents the
detailed steps including preprocessing, data division into
training data, validation, and testing, as well as the design
and implementation of sequential labelling models using
1D-CNN, BiLSTM, and Bi-GRU in detecting the type and
index mutations. Fig. 1 presents the workflow diagram of the
proposed pipeline and the method for detecting the type and
index of mutations in DNA sequences.

A. ACQUISITION AND PREPROCESSING DATA

The data used in this study is DNA sequence data from the
genes (EGFR, TP53, KRAS, CTNNB1, SMARCA4, CDKN2A,
PTPRD, BRAF, ERBB2, and PTPRT gene), which have been
reported to display mutations in lung cancer cases [27]-[33],
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FIGURE 1. Flow diagram of the proposed method for types and index of genetic mutations.

was obtained from a public database COSMIC (Catalogue
of Somatic Mutation in Cancer) [26]. Each gene has several
reference gene transcripts that have different gene lengths.
Gene length states the number of nucleotides in one gene
sequence. The acquired data consisted of two parts, namely
reference DNA sequence data and mutation target data. DNA
sequence data consisted of nucleotides A, C, T, and G. The
second type of data used is mutation target data (mutation
call) which contains gene names, sequence transcripts,
patient sample ID, AA mutation (protein mutation), CDS
mutation (type and index of DNA mutation), primary tissue,
and others.

There exist several types of mutations, namely substitu-
tion (SNV), insertion, deletion, delins (deletion insertion),
and duplicates. Duplicate mutations are combined with
insertion mutations because they both have an additional
number of nucleotides at a certain index. If there was
a mutation record for which the type and index of the
mutation is unknown, the mutation record is deleted from
the dataset. The patient sequence data is generated by
mapping between the corresponding reference sequences
and the mutations that occur in the mutation target file
based on the unique patient sample ID and gene transcript.
The preprocessed patient sequence data is stored in a csv
file.

Conversion of DNA sequence data in the form of strings
(nucleotides A, C, T, and G) into numerical representation,
is required, because the proposed model require numeric
values as input. The DNA mapping techniques used in this
study are integer mapping and Voss mapping. Sequence data
was converted to integer representation using Equation 1 [34],
with 0 being used as sequence padding to equalize the length
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of the DNA sequence. Furthermore, Voss mapping is used to
convert integer sequences into one hot representation on the
embedding layer using Equation 2-5 [35], [36].

I, X@)=T
T
4, X)) =G
So-lh
e A
Ro-lh e
Ro-lh e

with X = input DNA sequence, X = integer sequence, X1,
)/(\2, )/(\3 )/(:1 = Voss mapping results, i = nucleotide index,
A = adenine, T = thymine. G = guanine, and C = cytosine.

The proposed model is the sequential labelling model
which is widely used in Natural Language Processing. In the
model, one nucleotide will have one label, so the mutation
target originating from the mutation call file needs to be
converted to a numeric sequence with the same size as
that of the input sequence. In this study, SNV/substitution
mutations were converted to a value of “1,” a value of “2”
for insertion and duplicate mutations, a value of “3” for
a deletion mutation, a value of “4” for a delins mutation,
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FIGURE 2. The sequence reshape process uses a sliding window.

and a value of “0” if the nucleotide was normal or not
mutated (Equation 6). The value “0” is also used as padding
if the length of the target sequence is less than the maximum
length of all the target sequence. For example, if there
is a snippet of the following sequence “ATGGCCATCC,”
insertions occurring in nucleotides with indexes 8 and 9, and
substitution mutations in nucleotides with index 10, it will
produce numerical sequence inputs and numerical sequence
targets as shown in Table 1.

Y (i) = Subtitution

Y (i) = Insertion|Duplicate
Y (i) = Deletion

, Y (i) = Delins

, Y (i) = Normal

Y (@) (6)

S A W =

with ¥ = mutation type, Y= target sequence, and i = index.

The numerical sequences are then reshaped/subset into
sequences with shorter lengths using sliding window
approach with two schemes, namely “with overlap” and
“without overlap.” The two reshape schemes use window
sizes (length of sub sequences) of 50, 100, and 150. For
schemes with overlapping sliding windows, the sliding
window shifts with stride sizes of 25 and 50, while the scheme
without overlapping, sliding window shifts to window size so
that there is no overlap between sub sequences. The reshape
process is carried out on the numeric input sequence and
the numeric target sequence. An example of a sequence
reshape process using a sliding window is presented in
Fig. 2.

In this study, the Random Under Sampling (RUS) tech-
nique was also used to handle imbalanced data. The number
of nucleotides in the available data that were not mutated was
much higher than the ones that had mutations. The balance
of the data can affect the pattern learned by the Deep Neural
Network (DNN), so that RUS used for training data will later
be used for the DNN training process. The sampling process
begins with counting the number of sub-sequences that
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TABLE 1. Sequence mapping results from DNA sequences.

Representation Sequence Mapping Results

Numerical sequence
. . 3144223122
input (Integer mapping)

Numerical sequence [[0010][1000][0001][0001][0100]

input (Voss mapping) ~ [0100][0010][1000][0100][0200]]

Numerical sequence
0000000221
target
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FIGURE 3. Distribution of pre-processed data with a scheme without
overlap of EGFR gene.

contain mutations and the ones that do not contain mutations.
The RUS technique is carried out by randomly deleting
sub-sequences that do not contain mutations (data with more
numbers) so that the number of sub-sequences that do not
contain mutations is balanced with sub-sequences containing
mutations. Fig. 3 shows the distribution of preprocessed
data with a scheme without overlap on EGFR gene, and
Fig. 4 shows the distribution of preprocessed data with
an overlapping scheme on EGFR gene too. Fig. 3 and
Fig. 4 show that the overlapping sequence reshape scheme
produces more sub-sequences, so that the sub-sequences that
will be learned by 1D-CNN, BiLSTM, and Bi-GRU will be
more varied.
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FIGURE 5. lllustration of training data and test data division. The blue box represents the training data and the orange box represents the

test data.

TABLE 2. Normal and mutated nucleotide distribution in training and testing data.

Number of Nucleotides in Each Type of Mutation

Gene Data set #Sequence Normal SNV Insertion Deletion Delins
EGFR Training 16,386 57,560,393 11,196 4,725 6,070 216
Testing 1,816 6,384,813 1,197 576 678 36
TP53 Training 65,569 69,587,888 62,990 1,955 4917 -
Testing 7,276 7,721,551 6,947 273 579 -
KRAS Training 24,555 11,177,271 24,663 60 6 -
Testing 2,726 1,240,908 2,742 - - -
CTNNBI Training 6,005 14,115,281 6,101 117 101 -
Testing 1,333 3,133,330 1,354 - 16 -
SMARCA4 Training 5,026 25,222,231 4,553 288 528 -
Testing 558 2,800,202 496 36 66 -
CDKN24 Training 2,288 1,126,023 1,910 195 322 -
Testing 250 122,877 210 31 32 -
PTPRD Training 2,887 14,578,001 3,414 15 70 -
Testing 316 1,598,778 366 1 5 -
BRAF Training 1,388 3,351,356 1,388 36 20 -
Testing 329 78,609 329 8 4 -
ERBB2 Training 1,310 4,642,247 469 9,678 6 -
Testing 141 500,948 52 1050 - -
PTPRT Training 2,683 11,054,357 3,088 9 96 -
Testing 292 1,202,796 344 - 10 -

B. JOIN CLASSIFIER OF TYPE AND INDEX MUTATION

USING SEQUENTIAL LABELING MODEL

The proposed model in this study to detect the type and index
mutations simultaneously in DNA sequences is join classifier
using sequential labeling model with 1D-CNN, BiLSTM,
and Bi-GRU. In the sequential labeling model built, each
nucleotide in the sub sequence will be labeled “1” if there
is a substitution mutation, “2”’ if there is an insertion or
duplicate mutation, ““3” if there is a deletion mutation, “4”
if there is a delins mutation, or “0” if no mutation occurs
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(normal). The type and index detection model using DNN
requires a training and testing process, so the available data
is also divided into training data and testing data. Then,
the training data is divided into training data and validation
data. The training data is used to train the DNN model, and
the validation data is used to calculate the accuracy of the
system in the training process. Validation data also serves
to avoid overfitting, i.e., the resulting model is very good
if used on training data but has low accuracy on test data.
Test data is used to measure the accuracy of the model
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in the testing process when the training process has been
completed.

90% of the sequence data on each gene transcript was used
for training and the rest 10% for testing (Fig. 5). The training
process aims to find the optimal hyperparameters. A 5- fold
cross-validation was conducted to gauge the performance of
the trained model. In each iteration, one part of the data
will be used as the validation data, while the rest 4 parts
were used as the training data. Accordingly, 5 iterations per
experiment were conducted. Table 2 shows the number of
patient sequences and the number of mutations resulting from
preprocessing and the distribution of normal and mutated
nucleotides in the training and testing data. As presented
in Table 2, the number of preprocessed sequences samples
and their mutations is very limited, especially for CTNNBI,
SMARCA4, CDKN2A, PTPRD, BRAF, ERBB2, and PTPRT
gene, not all genes have insertion, deletion, and delins
mutations, and the number of normal nucleotides is much
more than the mutated ones.

The first method used is ID-CNN. 1D-CNN is a variation
of the Convolutional Neural Network (CNN) where the
kernel used will shift in one dimension. 1D-CNN has been
widely used to solve many cases on one-dimensional signals,
including monitoring health structures, classification of
biomedical data and early diagnosis, detection of anomalies
and identification in power electronics [37]. In this study, the
proposed 1D-CNN has the following architecture:

- One embedding layer to change the integer sequence
representation to one hot representation using Voss
Mapping (Equation 2-5).

- N layers of one-dimensional convolution, in which
the calculation of the output is done by performing
dot product operations between all filters/kernels and
the inputs at that layer (Equation 7). The number of
layers used are 2 and 4 convolution layers which have
128 kernels in the first layer and 256 kernels in the
next layer, kernel size 3 in the first layer and 5 in the
next layer, the value of strides is 1 in the convolution
process, and the activation function of Rectified Linear
Units (ReLU) (Equation 8) [38].

(K *X) (i) = Zm K (m) X(i + m) 7

Fo={" =Y ®
z, z>0

- Fully Connected Layer/Dense Layer, is an ordinary
Neural Network layer of which function is to classify the
previous input layer. This layer will calculate the score
for each class and have a one-dimensional output that is
sized according to the number of classes. In this research,
dense layer used is Time Distributed Layer because the
model used is sequential labeling. The Time Distributed
Layer will produce the number of outputs according to
the number of inputs, which means that one nucleotide
will have one output in the normal form or in the type
of mutation if a mutation occurs. This layer uses the
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SoftMax activation function using Equation 9 [39].
n
01 (@) =exp(@)/ ) exp(z) ©)

with o = activation function, and z = input value. The
training algorithm used to train the 1D-CNN architecture
is the Backpropagation algorithm optimizing Adam
algorithm (Adaptive Moment) with an adaptive learning
rate [40] to accelerate convergence. The initial learning
rate value used is quite small, namely 0.0001.

The second method proposed is Bidirectional Long Short-
Term Memory (BiLSTM) which is one of the methods in
Recurrent Neural Network (RNN). BiLSTM consists of two
Long Short-Term Memory (LSTM), in which one LSTM pro-
cesses input in a forward direction and the other LSTM
processes input in a backward direction. The two LSTM
outputs will be combined and entered in the next layer [41].
One LSTconsists of input gates (i;), forget gates (f;), output
gates (oy), cell states (c;), and cell output (4,) [42]. The input
gate processes the previous cell’s input and output vectors
which will be stored in the cell states (Equation 10). The
forget gate determines how many cell states in the previous
state are passed to the calculation of the output cells (Equation
11). Output gates determine how much information in the cell
state is passed to the output cell (Equation 12). The input gate,
forget gate, and output gate are fully connected layers, the cell
state is a memory cell (Equation 13), and the output cell is the
output of the LSTM network (Equation 14).

iy = o(Wix; + Wiphi—1 + b)) (10)
Ji = o(Wpxs + W1 + by) (11)
01 = 0 (Woxxs + Wonhi—1 + Do) (12)
¢t = frxci—1 + iy % tanh -(Weexy + Wephy—1 +b:)  (13)
h; = o; * tanh (c;) (14)

with x = input, W = weight, b = bias, t = timestep, 0 =
sigmoid activation function.

The proposed BiLSTM model consists of three layers,
namely one embedding layer, one or two BiLSTM layer, and
one-time distributed layer. In the embedding layer, Voss map-
ping is used as in the 1D-CNN model to change the integer
data representation into one hot encoding. The BiLSTM layer
used has 128 and 256 observed LSTM units. Then the other
parameters used are tanh and sigmoid activation functions
for recurrent activation, soft-max activation function in time
distributed layer, dropout values 0 and 0.2, learning rate
0.0001, and Adam’s optimization algorithm.

The last method use is Bi-GRU. Like BiLSTM, the
Bi-GRU architecture also consists of two Gated Recurrent
Unit (GRU), in which one GRU processes input in a forward
direction and the other GRU processes input in a backward
direction. GRU is a variation of LSTM with a simpler
architecture. GRU consists of an update gate, reset gate,
candidate hidden state, and hidden state. The update gate
determines how much information from the previous time
step will be passed on to the next iteration (z;), while the reset
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gate determines how much information from the previous
time step will be deleted (7;). The calculation results from
the reset gate will be used in the calculation of the candidate
hidden states (%), and the results of the calculation of the
update gate and the candidate hidden state are used in the
calculation of the hidden state (4;) [9], [43].

7zt = 0 (Wexe + Ughi—1 + D7) (15)
rr = o(Wpexy + Upphy—1 + by) (16)
hy = tanh(Wex; + 11 © Upphi—y + by,) (17)
hh=0—=2)0h +2 Oh_ (18)

with W and U are the weights to be learned, o is sigmoid
activation function, and ©® is Hadamard product.

The proposed Bi-GRU model also consists of three layers,
namely one embedding layer, one or two Bi-GRU layers,
and one-time distributed layer. In the embedding layer, Voss
mapping is also used to change the integer data representation
into one hot encoding. The Bi-GRU layer used has 128 and
256 observed GRU units. Then the other parameters used
are tanh and sigmoid activation functions for recurrent
activation, soft-max activation function in time distributed
layer, dropout values 0 and 0.2, learning rate 0.0001, and
Adam’s optimization algorithm.

C. EXPERIMENTAL SCENARIO

The 1D-CNN, BiLSTM, and Bi-GRU model were initially
trained using the EGFR gene training data, because the
EGFR data has the most complete mutation compared to
other genes, which helps obtaining the optimal weights in
detecting the type and index mutation, along with the optimal
architecture and hyperparameters for each method. A 5-fold
cross validation technique was used to evaluate the model
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performance and ensure no overfitting. The observed hyper-
parameters included window size (length of sub sequence)
and stride for reshape sequence process, data sampling using
Random Under Sampling, number of 1D-CNN layer, number
of LSTM or GRU units, number of BiLSTM or Bi-GRU
layer, and the dropout value. The detailed value of each
observed hyperparameter will be explained in the parameter
observation section of each method used. Each method is
trained using Adam”’s optimization algorithm with a learning
rate of 0.0001 and number of epochs of 100. The selection
of the best hyperparameter and architecture for each model
is based on the Fl-score value using the validation data.
Finally, The performance results of the 1D-CNN, BiLSTM,
and Bi-GRU models will be compared, and used to train
and test the type and index mutation using nine other
genes, namely TP53, KRAS, CTNNB1, SMARCA4, CDKN2A,
PTPRD, BRAF, ERBB2, and PTPRT genes.

IIl. RESULTS AND DISCUSSION

Observations were made to test the performance level of
mutation type and index detection using 1D-CNN, BiLSTM,
and Bi-GRU sequential labeling model on ten genes in the
lung cancer dataset based on training and validation loss in
the training process, running time (training and testing time)
in seconds, as well as precision, recall, and Fl-score [44],
[45] of the test data. The types of mutations detected were
SNV/substitution, insertion, deletion, and deletion insertion
(delins), while the index mutation stated the nucleotide index
in the DNA sequence to be processed. The tests carried out
included observations of preprocessing data, observations of
1D-CNN and BiLSTM hyperparameters in detecting the type
and index mutations and their performance, and Bi-GRU will
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TABLE 3. Hyperparameter observation of 1D-CNN model for type and index mutation.

Window Stride Data #Laver Dropout Training  Validation Validation F1-Score
Size Sampling Y P Loss Loss SNV _Insertion Deletion Delins Average
50 - - 4 0 0.000254  0.0003357 0.9913 0.7494  0.9098 1.0000 0.9126
50 25 - 4 0 0.000215 0.0002318 0.9969 0.7748  0.9518 1.0000 0.9399
50 25 - 2 0 0.000765  0.000811 0.9154 0.2441  0.9365 0.3294 0.6064
50 25 RUS 4 0 0.003686 0.0039323 0.9969 0.7847  0.9905 1.0000 0.9430
50 25 RUS 4 0.2 0.003815  0.0036969 0.9970 0.7819  0.9907 1.0000 0.9424
100 - - 4 0 0.000249  0.0002781 0.9908 0.7305  0.9516 1.0000 0.9182
100 25 - 4 0 0.000218  0.000224 0.9982  0.757  0.9791 0.9831 0.9294
100 25 - 2 0 0.000705  0.0007107 0.9308 0.2759  0.9651 0.2840 0.6140
100 25 RUS 4 0 0.002572  0.0026751 0.9989 0.7615  0.9878 0.9880 0.9341
100 50 RUS 4 0 0.002646  0.0028034 0.9975 0.7695  0.9685 1.0000 0.9339
100 25 RUS 4 0.2 0.002599  0.0026496 0.9993 0.7607  0.9878 0.9880 0.9340
150 50 - 4 0 0.000255  0.000201 0.9970 0.7723 09711 1.0000 0.9351
150 50 RUS 4 0 0.001964  0.001911 0.9992 0.7709  0.9758 1.0000 0.9365
150 50 RUS 4 0.2 0.00196 0.0018888 0.9995 0.7716  0.9764 1.0000 0.9369

use the optimal architecture and hyperparameters obtained by
BiLSTM. Then, each 1D-CNN, BiLSTM, and Bi-GRU with
the best hyperparameters is retrained by adding the number
of epochs, the number of training data and genes, or the
number of parameters in the neural network architecture.
The proposed model will be compared with the performance
of the well-known bioinformatics tools, namely BLAST,
in detecting the type and index of mutations.

A. 1D-CNN PARAMETER OBSERVATION AND
PERFORMANCE
In this section, we observe the effect of 1D-CNN parameters
and data preprocessing on the performance of type and index
mutation detection using 1D-CNN. Observed parameters
include:

o Dataset: EGFR gene.

o Data preprocessing parameters:

— Window size (sub sequence length): 50, 100, 150.

— Stride in sequence reshape process (if with overlap):
25, 50.

— Data sampling: with or without Random Under
Sampling (RUS).

o ID-CNN parameters:

— 2layers 1D-CNN: number of kernels = [128, 256],
kernel size = [3, 5].

— 4 layers 1D-CNN: number of kernels = [128, 256,
256, 256], kernel size = [3, 5, 5, 5].

The first hyperparameter observation is the window size
and stride parameters used to reshape the sequences into
shorter sub-sequences. The observed window size values
are 50, 100, and 150, while the stride values are 25 and
50 (if using overlap). Based on Table 3, training and
validation loss did not have a significant difference in each
combination of window size and stride parameters. Overall,
sequence reshape with overlap scheme (using stride) has
better performance than without overlap. This is because
sequence reshape with overlap produces more data and is
more varied, so 1D-CNN can learn data patterns better.
Observations using the sampling technique, namely RUS,
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were carried out to determine the effect of RUS on the
performance of detection of types and index mutation using
1D-CNN. The scheme without using RUS has a smaller
training and validation loss but a higher average F1-score
than that of the scheme using RUS, for the validation data.
This shows that there is an overfit in the scheme without
using RUS, which can be caused by the number of normal
nucleotides being much higher than the mutated nucleotides,
so that the trained model tends to lead to normal nucleotides.
Therefore, when calculating using Fl-score for each type
of mutation, the scheme without using RUS has a smaller
F1-Score value.

Furthermore, the effect of number of 1D-CNN layer was
observed on the performance of types and index mutation
detection. The number of 1D-CNN layers observed were
2 and 4 layers. The training and validation loss achieved in
the 1D-CNN model using 4 layers is lower and have higher
average Fl-score than the 1D-CNN model with 2 layers.
Meanwhile, the dropout value in the 1D-CNN model does
not have a big influence on training and validation loss, and
the F1-score value of the validation data.

The performance of 1D-CNN in detecting the type and
index mutations is very unstable and quite dependent on the
data and hyperparameters used. It requires more variation of
data in the training process to study the pattern of mutations
that occur. In Table 2, the number of mutations in the training
data of EGFR gene is quite large, namely 11,196 SNVs and
6,070 deletions, so the 1D-CNN model can detect them well.
Figure 7 shows the comparison of training and validation
loss for each combination of hyperparameters in detecting
the type and index mutation. The best average F1-score of
validation data was achieved with window size 50 and stride
25, 4-layers 1D-CNN, and with RUS, namely 0.9969 (SNV),
0.7847 (insertion), 0.9905 (deletion), and 1 (delins).

B. BILSTM PARAMETER OBSERVATION AND
PERFORMANCE

In this section, we observe the effect of preprocessing data
and BiLSTM parameters on the performance of detection
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TABLE 4. Hyperparameter observation BiLSTM model for type and index mutation.

Window Stride Data #Laver #LSTM Dronout Training Validation Validation F1-Score
Size Sampling Y Units P Loss Loss SNV Insertion Deletion Delins Average
50 - - 1 128 0 0.00028  0.00034 0.9267 09427 0.8902 1.0000 0.9399
50 25 - 1 128 0 0.00023  0.00029 0.9337 0.9241 0.9350 0.9857 0.9446
100 - - 1 128 0  0.00026  0.00036 0.9158 09552 0.9310 0.5000 0.8255
100 25 - 1 128 0 0.00023 0.00025 0.9335 09571 0.9648 0.9897 0.9613
100 50 - 1 128 0 0.00023  0.00028 0.9308 0.9572  0.9415 0.9531 0.9457
150 - - 1 128 0 0.00026  0.00035 0.9080 09472 0.9518 0.9367 0.9359
150 50 - 1 128 0 0.00013  0.00016 0.9548 0.9759 0.9633 1.0000 0.9735
100 25 RUS 1 128 0 0.00115 0.00162 0.9661 09730 0.9844 0.9951 0.9797
100 25 RUS 1 256 0 0.00024  0.00052 0.9939  0.9844 0.9909 0.9903 0.9899
100 25 RUS 1 128 0.2 0.00178  0.00170 0.9590  0.9747 0.9855 0.9951 0.9786
100 25 RUS 1 256 0.2 0.00029  0.00044 0.9954 0.9848 0.9910 0.9976 0.9922
150 50 RUS 1 128 0 0.00082 0.00107 0.9666  0.9800 0.9799 1.0000 0.9816
150 50 RUS 1 256 0  0.00010  0.00031 0.9946 09921 0.9858 1.0000 0.9931
150 50 RUS 1 128 0.2 0.00118  0.00129 0.9529 0.9814 0.9766 1.0000 0.9777
150 50 RUS 1 256 0.2 0.00017  0.00031 0.9940 0.9926 0.9861 1.0000 0.9932
100 25 RUS 2 256 0.2 0.00012  0.00028 0.9972  0.9884 0.9943 1.0000 0.9950
150 50 RUS 2 256 0.2 0.00009 0.00018 0.9980 0.9943 0.9881 1.0000 0.9951
TABLE 5. Hyperparameter observation Bi-GRU model for type and index mutation.
Window Stride Data #Laver #GRU Dropout Training Validation Validation F1-Score
Size Sampling Y Units p Loss Loss SNV Insertion Deletion Delins Average
50 - - 1 128 0 0.00021 0.00028  0.9468 0.9664 0.8932  0.9929  0.9498
50 25 - 1 128 0 0.00018  0.00023 0.9478 0.9398 0.9429 1.0000 0.9576
100 - - 1 128 0 0.00025 0.00031 09245 09748 0.9357 0.9375 0.9431
100 25 - 1 128 0 0.00004  0.00006 0.9906 0.9839 09762 1.0000 0.9877
100 50 - 1 128 0 0.00013  0.00017 09621 0.9854 0.9509 1.0000 0.9746
150 0 - 1 128 0 0.00014  0.00023 09323 09813 09611 0.9940 0.9672
150 50 - 1 128 0  0.00005  0.00006 09882 0.9891 0.9676  1.0000  0.9862
100 25 RUS 1 128 0 0.00027  0.00045 0.9948 0.9859 0.9917 0.9976  0.9925
100 25 RUS 1 256 0 0.00017  0.00038 0.9965 0.9891 0.9925 1.0000  0.9945
100 25 RUS 1 128 0.2 0.00035  0.00059 0.9910 09830 0.9906 0.9976  0.9906
100 25 RUS 1 256 0.2 0.00012  0.00031 0.9976 09886  0.9930  1.0000  0.9948
150 50 RUS 1 128 0 0.00049  0.00068 0.9856 0.9890 0.9803  1.0000  0.9887
150 50 RUS 1 256 0 0.00015  0.00026 0.9968 0.9919 09861 1.0000 0.9937
150 50 RUS 1 128 0.2 0.00103  0.00108 0.9641 09896 0.9836 0.9940  0.9828
150 50 RUS 1 256 0.2 0.00017  0.00035 0.9956 0.9908 0.9868  1.0000  0.9933
100 25 RUS 2 256 0.2 0.00012  0.00025 0.9977 09910 0.9941  1.0000 0.9957
150 50 RUS 2 256 0.2  0.00009 0.00018 0.9980 0.9961 0.9887 1.0000 0.9957

of types and index mutation using BiLSTM. Observed
parameters include:

o Dataset: EGFR gene.

« Data preprocessing parameters:

— Window size (length of sub sequence): 50, 100, 150.

— Stride in sequence reshape process (if with overlap):
25, 50.

— Data sampling: with or without Random Under
Sampling (RUS).

o BiLSTM parameters:
— Number of LSTM units: 128, 256.
— Number of BiLSTM layer: 1, 2.

— Dropout value: 0 (without dropout) and 0.2.
The first parameters observed in type and index mutations

detection using the BiLSTM method are the window size
and stride values for the sequence reshaping process. The
observed window size values are 50, 100, and 150, with stride
values of 25 and 50 if using an overlapping scheme. Based on
the test results in Table 4, like 1D-CNN, the reshape sequence
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scheme with overlap has a better Fl-score validation than
the reshape scheme without using overlap and has smaller
training and validation loss. In observing the effect of using
sampling data, namely RUS, the value of training loss and
validation loss in the scheme without RUS is better than the
scheme with RUS. However, RUS can increase the F1-score
in the mutation detection during. This shows that BILSTM
can learn data patterns if the data has a balanced amount in
each class even though the total amount of data is smaller.
The next observation was to determine the effect of LSTM
unit numbers on the performance of the type and index muta-
tion detection model using BiLSTM. The numbers of LSTM
unit used are 128 and 256. The architecture with 256 LSTM
units displayed better training and validation loss, could reach
the convergence point faster, and was able to predict all
types of mutation better than the architecture with 128 LSTM
units. This is because models with more LSTM units can
learn complex data better. Furthermore, using a dropout value
of 0.2 can improve detection performance on the BiLSTM

VOLUME 10, 2022



U. N. Wisesty et al.: Join Classifier of Type and Index Mutation on Lung Cancer DNA

IEEE Access

CNN, layer: 4, sampling: _, dropout: 0, window size: 50, stride: 0

CNN, layer: 4, sampling: _, dropout: 0, window size: 50, stride: 25

CNN, layer: 2, sampling: _, dropout: 0, window size: 50, stride: 25

0012 —— Tain 0012 —— Tain — TFain
Validation Validation 0025 Validation
0010 0.010
0.020
0.008 0.008
9 9 9 0.015
8 0008 8 0006 8
0.010
0004 0.004
0002 0002 0005
0000 ! - 0000 . N 0000 . . "
0 2 40 80 100 0 20 80 100 o 20 80 100
Epoch Epoch Epoch
CNN, layer: 4, sampling: RUS, dropout: 0, window size: 50, stride: 25 CNN, layer: 4, sampling: RUS, dropout: 0.2, window size: 50, stride: 25 CNN, layer: 4, sampling: _, dropout: 0, window size: 100, stride: 0
— Tain 0.05 —— Tain —— Tain
Validation Validation 0.014 Validation
0.04
0.04 0012
003 0010
0 . 003 .
g 3 2 0.008
002 0.02 0.006
0.004
001 001
0.002
0.000
0 20 40 0 & 100 0 20 4 Y & 100 0 20 0 50 80 100
Epach Epoch Epoch
CNN, layer: 4, sampling: _, dropout: 0, window size: 100, stride: 25 CNN, layer: 2, ling: _, dropout: 0, window size: 100, stride: 25 ¢y, layer: 4, sampling: RUS, dropout: 0, window size: 100, stride: 25
— Tain — Tain
— Tain
0012 Validation 0.025 Validation L \alidation
0.010 0025
0.020
0.008 0.020
9 % 0015 w
S 0006 k| K
0015
0010
0.004
0010
0002 0.005
0005
0000 - - . 0000 1, . . ;
0 20 60 80 100 0 20 80 100 0 20 80 100
Epoch Epoch

CNN, layer: 4, sampling: RUS, dropout: 0, window size: 100, stride: 50 CNN, layer: 4, sampling: RUS, dropout: 0.2, window size: 100, stride: 25

Epoch
CNN, layer: 4, sampling: _. dropout: 0, window size: 150, stride: 50

— Tain
Validation

— Tain
0014 - Validation
0012
0010

0.008

Loss

0.006

0.004

0.002

— Tain
0030 Validation 2030
G2 0025
0020 0020
8 g
< o1 - oot
0010 0010
ot 0005
0 2 20 ) ) 100 0 k] “

Epoch

Epoch

0.000

60 80 100
100

Epoch

CNN, layer: 4, sampling: RUS, dropout: 0, window size: 150, stride: 50 CNN, layer: 4, sampling: RUS, dropout: 0.2, window size: 150, stride: 50

—— Tain
Validation

— Tain 0025
Validation

0020
0020

0015
" » 0015

3 3
00104 | 0010
0.005 0.005
20 L) & 80 100 o 2
Epoch

Epoch

100

FIGURE 7. Training and validation loss of 1D-CNN hyperparameter observation.

architecture by 256 units. However, this does not apply
to the BILSTM model with 128 units. For the validation
performance, the BiLSTM model with 256 units using
dropout, experienced an increase in performance compared to
the one without dropout. The use of dropout in the BiILSTM
model can overcome overfitting. Then, using a dropout value
of 0.2 can improve detection performance on the BiLSTM
architecture by 256 units.

Furthermore, increasing the number of BiLSTM layers
in the model with window size 100; stride 25 and window
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size 150; stride 50 with 256 LSTM units, using RUS
and dropout, would improve the system performance. The
BiLSTM model with two layers has a better validation
performance than the one-layer model. With similar number
of LSTM units, a larger number of layers can learn more
complex data, thereby increasing performance. However,
the greater the number of layers and LSTM units used,
it can cause overfitting so that the use of dropout is very
necessary. The best performance of type and index mutation
detection using BiLSTM was achieved when the number of
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FIGURE 8. Training and validation loss of BiLSTM hyperparameter observation.

layers is 2 with 256 LSTM units, the dropout value of 0.2,

window size 150 with stride 50, and using RUS, namely
0.9980 (SNV), 0.9943 (insertion), 0.9981 (deletion), and

1 (delins).
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C. BI-GRU PARAMETER OBSERVATION AND

PERFORMANCE
In this section, we observe the effect of preprocessing data
and parameters on the performance of detection of types and
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FIGURE 9. Training and validation loss of Bi-GRU hyperparameter observation.
index mutation using Bi-GRU. The observed parameters are — Data sampling: with or without RUS.
the same as the hyperparameter observation on BiLSRM, o Bi-GRU parameters:

as shown below: — Number of GRU units: 128, 256.
o Dataset: EGFR gene. — Number of Bi-GRU layer: 1, 2.

« Data preprocessing parameters: — Dropout value: 0 (without dropout) and 0.2.
— Window size (length of sub sequence): 50, 100, 150. Similar to 1D-CNN and Bi-LSTM, the model built using
— Stride in sequence reshape process (if with overlap): Bi-GRU also has better performance when using a reshape
25, 50. sequence scheme with overlap. And RUS can also improve
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FIGURE 10. The testing performance comparison of the proposed model (BiLSTM, Bi-GRU,
and 1D-CNN) and BLAST alignment for each type mutation detection on EGFR sequence.

validation performance when compared to the scheme
without using RUS. This proves that the detection model
that is built requires a large data thus leading to the amount
of data in each nucleotide class to be more balanced. The
use of a larger number of layers and the number of GRU
units can also improve detection performance. As shown
in Figure 9, the model with two layers of Bi-GRU has
a higher level of convergence when compared to other
models.

Bi-GRU, with window size of 150; stride 50 and with a
window size of 100; stride 25 demonstrate the same high
average F1-score validation (0.9957), where both models use
RUS, two layers of Bi-GRU, 256 GRU units, and dropout
0.2. In this study, the best model was selected based on
the Fl-score of the validation data, namely the model with
a window size of 150; stride 50 because this model has
advantages in detecting SNV and insertions, and only has a
smaller F1-score of detecting deletions when compared to the
model with window size 100; stride 25. And the model with
a window size of 150; stride 50 has a smaller training and
validation loss. The best model using Bi-GRU can achieve
Fl-score validation of 0.9980 (SNV), 0.9961 (insertion),
0.9887 (deletion), and 1 (delins).

D. PERFORMANCE COMPARATION OF THE PROPOSED
MODEL ON EACH GENE

In this section, the best models with its architecture and
hyperparameters will be tested using EGFR gene test data.
The proposed model is also compared with the BLAST
pairwise alignment for EGFR gene, to check the strength
of the proposed model. BLAST is one of the well-known
bioinformatics tools and is often used for sequence predic-
tion, sequence alignment, and others [46], [47]. To detect
mutations in DNA sequences using BLAST, the tested
sequences are first aligned to the reference sequence, then the
type and mutation index are obtained by manually inferring
the alignment results.
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Based on the tests that have been carried out on the
EGFR gene using the proposed model (BiLSTM, Bi-GRU,
and 1D-CNN) and the alignment technique using BLAST,
BiLSTM and Bi-GRU can achieve high performance of type
and index mutation detection, namely 0.9271 (precision),
0.9953 (recall), and 0.9553 (Fl-score) for BiLSTM and
0.9264 (precision), 0.9975 (recall), and 0.9561 (F1-score)
for Bi-GRU. Meanwhile, the performance of 1D-CNN is
0.9989 (precision), 0.8857 (recall), and 0.9319 (Fl-score),
while the BLAST performance is 0.8773 (precision), 0.8741
(recall), 0.8757 (Fl-score) (Fig. 10). BLAST alignment is
very accurate in detecting substitution mutations, but it is
prone to errors for detecting insertions and deletions because
there is a nucleotide shift. The mutation index detection using
BLAST is given a tolerance of 5 bp from the actual mutation
index to deal with the problem of sequence shifts when
insertion and deletion mutations occur, while the proposed
model predicts the mutation index using the exact match
method and is not given tolerance for the predicted results.
So, based on the test results obtained, the proposed model
is superior in detecting the index of insertion and deletion
mutations, and the F1-Score for detecting SNV mutation
types only differs by 0.0042 against the BLAST’s F1-score.

In addition to the BLAST tool, several researchers
have also conducted research in detecting index mutation.
Zuo et al. conducted a study to detect position index muta-
tions using Feedback Fast Learning Neural Network [48] on
different data, but the system performance was calculated
based on the number of mutations detected by the model
built. Chen and Xie used the PCR matching method to
detect mutations in exon data. PCR matching can achieve an
accuracy of 97.26% with a detection time of 96 seconds [49].
In comparison to previous studies, the proposed model
is quite promising to be applied to other DNA sequence
data, considering its performance. The proposed model can
detect insertion and deletion mutation index better than
BLAST pairwise alignment because the proposed model can
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FIGURE 11. Confusion matrix of type and index mutation detection using the proposed method on the lung cancer genes.
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FIGURE 12. T-test result on EGFR data.

study mutation data patterns according to the training data
provided. Also, the proposed model can detect several types
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of mutations and their indexes in one DNA sequence because
it uses a sequential labeling model, where one nucleotide
will be labeled either normal or a mutation specifying its
type. Furthermore, the proposed model uses data that has
a mutation label so that the calculation of the model’s
performance can be done by calculating precision, recall, and
F1-score from the predicted type and index mutation.
Furthermore, the sequential labeling model proposed using
BiLSTM and Bi-GRU has better performance than using
1D-CNN. 1D-CNN has higher precision, but the recall value
is far below BiLSTM and Bi-GRU, so the resulting F1-score
is smaller. Then, when reviewed in Fig, 10, the recall value
generated by 1D-CNN is unstable, which reaches a recall
value of 0.6354 on the detection of insertion mutations.
Therefore, the next test will use a sequential labeling model
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TABLE 6. Testing performance of type and index mutation detection of the proposed method on lung cancer genes.

Gen BiLSTM Bi-GRU Detection Time (Second)
ene Precision Recall F1-Score Precision Recall F1-Score BiLSTM Bi-GRU

EGFR 0.9271 0.9953 0.9553 0.9264 0.9975 0.9561 0.0147 0.0459
TP53 0.9959 0.9445 0.9688 0.9956 0.9454 0.9692 0.0049 0.0008
KRAS 1.0000 0.9996 0.9998 1.0000 1.0000 1.0000 0.0025 0.0022
CTNNBI1 1.0000 0.9963 0.9982 1.0000 0.9967 0.9984 0.0104 0.0095
SMARCA4 0.9966 0.9753 0.9858 0.9846 0.9916 0.9880 0.0247 0.0205
CDKN2A 1.0000 0.9510 0.9746 1.0000 0.9542 0.9762 0.0082 0.0073
PTPRD 0.9961 0.9763 0.9859 1.0000 0.9827 0.9911 0.0242 0.0228
BRAF 0.9990 0.8273 0.9012 0.9980 0.8303 0.9022 0.0147 0.0130
ERBB2 0.9608 0.9784 0.9687 0.9518 0.9592 0.9544 0.0573 0.0226
PTPRT 0.8953 0.8535 0.8735 0.8711 0.8506 0.8606 0.0818 0.0195
Average 0.9771 0.9497 0.9612 0.9728 0.9508 0.9596 0.0243 0.0164

2301 CAGCGTGGACAACCCCCACGTGTGCCGCCTGCTGGGCATCTGCCTCACCTCCACCGTGCAGCTCATCACGCAGCTCATGCCCTTCGGCTGCCTCCTGGA

2401 TATGTCCGGGAACACAAAGACAATATTGGCTCCCAGTACCTGCTCAACTGGTGTGTGCAGATCGCAAA ATGAGCTACTTH CGTCGCTTG

2501 TGCACCGCGACCTGGCAGCCAGGAACGTACTGGTGAAAACACCGCAGCATGTCAAGATCACAGATTTTGGGCTGGCCAAACTGCTGGGT AGAGA

2601 AGAATACCATGCAGAAGGAGGCAAAGTGCCTATCAAGTGGATGGCATTGGAATCAATTTTACACAGAATCTATACCCACCAGAGTGATGTCTGGAGCTA

2701 GGGGTGACTGTTTGGGAGTTGATGACCTTTGGATCCAAGCCATATGACGGAATCCCTGCCAGCGAGATCTCCTCCATCCTGGAGAAAGGAGAACGCCTC

2801 CTCAGCCACCCATATGTACCATCGATGTCTACATGATCATGGTCAAGTGCTGGAT 'GC. 'GCCCAAAGTTCCGTGAGTTGATCATCG

2901 ATTCTCCAAAATGGCCCGAGACCCCCAGCGCTACCTTGTCATTCAGGGGGATGAAAGAATGCATTTGCCAAGTCCTACAGACTCCAACTTCTACCGTGC

3001 CTGATGGATGAAGAAGACATGGACGACGTGGTGGATGCCGACGAGTACCTCATCCCACAGCAGGGCTTCTTCAGCAGCCCCTCCACGTCACGGACTCCC

3101 TCCTGAGCTCTCTGAGTGCAACCAGCAACAATTCCACCGTGGCTTGCATTGATAGAAATGGGCTGCAAAGCTGTCCCATCAAGGAAGACAGCTTCTTGC

3201 GCGATACAGCTCAGACCCCACAGGCGCCTTGACTGAGGACAGCATAGACGACACCTTCCTCCCAGTGCCTGAATACATAAACCAGTCCGTTCCCAAAAG

3301 CCCGCTGGCTCTGTGCAGAATCCTGTCTATCACAATCAGCCTCTGAACCCCGCGCCCAGCAGAGACCCACACTACCAGGACCCCCACAGCACTGCAGTG

3401 GCAACCCCGAGTATCTCAACACTGTCCAGCCCACCTGTGTCAACAGCACATTCGACAGCCCTGCCCACTGGGCCCAGAAAGGCAGCCACCAAATTAGCC

3501 GGACAACCCTGACTACCAGCAGGACTTCTTTCCCAAGGAAGCCAAGCCAAATGGCATCTTTAAGGGCTCCACAGCTGAAAATGCAGAATACCTAAGGGT

3601 GCGCCACAAAGCAGTGAATTTATTGGAGCATG
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FIGURE 13. An example of the type and index mutation detection output using the proposed
model on the first patient DNA sequence.
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CTGGTGAAAACACCGCAGCATGTCAAGATCACAGATTTTGGGCTGGCCAAACTGCTGGGTGCGGAAGAGAAAGAATACCATGCAGAAGGAGGCARAGTG
CTATCAAGTGGATGGCATTGGAATCAATTTTACACAGAATCTATACCCACCAGAGTGATGTCTGGAGCTACGGGGTGACTGTTTGGGAGTTGATGACCT
TGGATCCAAGCCATATGACGGAATCCCTGCCAGCGAGATCTCCTCCATCCTGGAGARAGGAGAACGCCTCCCTCAGCCACCCATATGTACCATCGATGT
TACATGATCATGGTCAAGTGCTGGATGATAGACGCAGATAGTCGCCCAAAGTTCCGTGAGTTGATCATCGAATTCTCCAAAATGGCCCGAGACCCCCAG
GCTACCTTGTCATTCAGGGGGATGAAAGAATGCATTTGCCAAGTCCTACAGACTCCAACTTCTACCGTGCCCTGATGGATGAAGAAGACATGGACGACG
GGTGGATGCCGACGAGTACCTCATCCCACAGCAGGGCTTCTTCAGCAGCCCCTCCACGTCACGGACTCCCCTCCTGAGCTCTCTGAGTGCAACCAGCAA
AATTCCACCGTGGCTTGCATTGATAGAAATGGGCTGCAAAGCTGTCCCATCAAGGAAGACAGCTTCTTGCAGCGATACAGCTCAGACCCCACAGGCGCC
TGACTGAGGACAGCATAGACGACACCTTCCTCCCAGTGCCTGGTGAGTGGCTTGTCTGGARACAGTCCTGCTCCTCAACCTCCTCGACCCACTCAGCAG
AGCCAGTCTCCAGTGTCCAAGCCAGGTGCTCCCTCCAGCATCTCC. AAACAGTGGCAGATTTGCAGACACAGTG
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FIGURE 14. An example of the type and index mutation detection output using the proposed model

on the second patient DNA sequence.

with BiLSTM and Bi-GRU on the genes TP53, KRAS,
CTNNBI, SMARCA4, CDKN2A, PTPRD, BRAF, ERBB2,
and PTPRT, to find out how robust the proposed model has
been built.

Table 6 presents the testing performance comparation of
the best model of the proposed method, namely sequential
labeling with BiLSTM and Bi-GRU on ten genes in lung
cancer. Based on the table, the proposed method is very
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good at detecting the type and index mutations in each gene
even though the type and number of mutations in each gene
are different. Bi-GRU succeeded in achieving an average
precision of 0.9728, recall of 0.9508, and an Fl-score of
0.9596, with an average detection time of 0.0164 seconds
for one sequence, and BiLSTM achieve higher performance
namely average precision of 0.9771, recall of 0.9497, and
an Fl-score of 0.9612, with an average detection time of
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0.0243 seconds for one sequence. This proves that the
proposed method is robust in detecting the type and index
mutation even though the types of genes used are different,
and each gene has a different number of samples and the
number of mutations. BiLSTM is superior in detecting the
type and index of mutations in the ERBB2 and PTPRT
genes, while Bi-GRU is superior in the EGFR, TP53, KRAS,
CTNNBI1, SMARCA4, CDKN2A, PTPRD, and BRAF genes.

Fig. 11 shows the confusion matrix of the type and
index mutation detection in each gene using BiLSTM.
The confusion matrix shows the number of mutations in
each mutation type and each gene. As well as how many
mutations can be detected correctly and mutations that are
still misdetected. In the EGFR gene, errors of detection
occurred in normal nucleotides which were detected as
insertion and deletion mutations, errors in detection of
insertions and deletions in the TP53 gene, and errors in SNV
detection in the PTPRD and PTPRT genes. As for the other
genes, the error of detection that occurs is very small, namely
below ten nucleotides in each type of mutation and gene.

As shown in Table 6, the performance of BiLSTM and
Bi-GRU is not much different even though the average
Fl-score of BiLSTM is higher than Bi-GRU. Therefore,
a t-test was also conducted on EGFR dataset to test how
significant the difference in performance was between
BiLSTM and Bi-GRU. The t-test was carried out using the
5 x 2 cross validation method, where the EGFR dataset was
divided into two equal parts, namely the training and testing
set for five iterations, and performed on the best BILSTM
and BiGRU models. From the 5 x 2 CV process, 10 F1-score
testing values were obtained which were then used to
calculate the mean and standard deviation for the detection
performance results of the BILSTM and Bi-GRU models and
a t-test was conducted to test the difference in performance of
the two models was significant or not. In Figure 12, BILSTM
and Bi-GRU have similar average F1-scores, and very small
standard deviations of 0.0107 for BiLSTM and 0.0083 for
Bi-GRU. This proves that BILSTM and Bi-GRU have stable
performance even though the part of the EGFR dataset usage
varies. Furthermore, the resulting p-value from t-test was
0.5046 (>0.05), concluding that the performance of BiILSTM
and Bi-GRU was not significantly different.

Fig. 13 and Fig. 14 show examples of type and index
mutation detection outputs using the proposed model namely
sequential labeling model using BiLSTM. In Fig. 9, the
mutation type detected in the test sequence is a SNV mutation
with an index of 2477 and when viewed from the confusion
matrix the detection was carried out correctly. While in
Fig. 10, the mutation type detected is an insertion mutation
with an index of 2187-2192, in the confusion matrix, all index
insertion mutations detected correctly, but there is one normal
nucleotide that detected as deletion mutation.

For future research, it is planned to develop the proposed
sequential labeling model to detect type and index mutations
in cancer types or other diseases or diseases caused by
viruses. The use of other deep learning models, oversampling
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technique, and data augmentation will also be our future
research. In the mutation data of DNA sequence, further
studies are needed for the oversampling method and data.

IV. CONCLUSION

In this work, the detection of the type and index mutations on
DNA sequence from lung cancer cases were carried out using
sequential labelling model to detect the type and index muta-
tions simultaneously using 1D-CNN, BiLSTM, and Bi-GRU.
The data used is DNA sequence data of EGFR, TP53, KRAS,
CTNNB1, SMARCA4, CDKN2A, PTPRD, BRAF, ERBB2,
and PTPRT genes, that is known to display many mutations
in lung cancer cases, which were obtained from COSMIC.
Based on the findings, the sequential labeling model proposed
using BiLSTM and Bi-GRU has better performance and
more stable than using 1D-CNN. BiLSTM and Bi-GRU also
achieved high performance proving that the proposed method
is robust in detecting the type and index mutation across
different genes. Furthermore, based on the findings, the
proposed model performed better than BLAST in detecting
the insertion and deletion mutation and the accuracy of SNV
mutation detection is only slightly different compared to
that of BLAST. Our model directly detected mutations using
a previously trained model, without re-aligning it to the
reference sequence. The proposed model only requires a test
DNA sequence and does not require other data and supporting
tools to detect the type and index mutations. Based on the
results obtained, the proposed model is quite promising to
be applied to detect the type and index mutations in DNA
sequences for other cancers and other diseases.
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