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In this study, the problems of accurate exemplification and a trustworthy test for
judging DNA base-calling were discussed. The study of this problem was done by

utilizing a model to gather data and develop a suitable design according to the problem's
criteria. The height, peakness, and spacing of the first most likely candidate (the base),
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as well as the peakness and height of the second most likely candidate, are the three
input variables in our model. By gathering data from base calling, these three attributes
may be computed in the three subsystems and utilized in the main system to calculate
the analysis value for each base in DNA sequencing. The MATLAB program was used
to create this model. It's looking into applying the neuro fuzzy algorithm to solve the
problem. These methods are delivering successful outcomes with high workplace
performance and easy access to very precise data.

1. Introduction:

DNA base calling is a technique used in
sequence analysis to identify the four kinds of bases (G-
guanine (black), T-thymine (red), A-adenine (green),
and C-cytosine (blue)) from cues given by a DNA
sequencing  machine[1]. For  high-throughput
information accumulation, the DNA sequence is the
sole arrangement upon which a greater range of
biological events may be expected [2]. The field of
genomics is responsible for collecting and analyzing
data on each and every gene in a living organism [3]. It
has become more important to scientists since it aids in
the concentration of designs from data, which then
change into biological facts and knowledge.

*Corresponding author at: Continuing Education Center,
University of Anbarlraq ORCID:https://orcid.org/0000-0003-3408-3679;
Tel:+9647832893520
E-mail address: Haddeel.mohammed@uoanbar.edu.iq

158

DNA is the basic blueprint for life [4], and it has
been subjected to a variety of procedures. DNA is a
two-fold helix held together by hydrogen bonds that are
(A, T) and (C, G) supplementary sets [5]. DNA is made
up of four nucleotides (G: guanine-black, T: thymine-
red, A: adenine-green, and C: cytosine-blue) [6].

In bioinformatics, artificial intelligence may be
useful for both showing biological knowledge and
producing new discoveries. The application of artificial
intelligence (Al) approaches in bioinformatics is
gaining popularity [7]. There is a recognition that a lot
of challenges in bioinformatics require a different
strategy to be addressed due to the immovability of
present approaches or the lack of an informed and
intelligent approach to misusing biological data [8]. For
identifying relevant and fitting genes from a large
number of genes tested, it is necessary to integrate
biological knowledge with computational
methodologies.
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In order to improve accuracy, this study aims to
give a measurement score analysis that focuses on
utilizing information from DNA base calling in high-
throughput sequencing.

2. Literature review

Haznedar, B., Arslan, M. T., & Kalnl, A. (2018)
ANFIS is an artificial intelligence method used to
classify cancer gene expression profiles, achieving the
highest average classification performance of 95.56%,
with the highest performance achieved at 87.65%. [9]

Using an adaptive neurofuzzy inference system
for classification of microarray gene expression cancer
profiles.

Bamisaye, A., Adesina, M. O., Alfred, M. O,
Idowu, M. A., Adeleke, O., & Adegoke, K. A [10]
shown a walnut shell-chitosan composite (WNS-CH)
was created as an effective biosorbent for Pb2+ uptake
and biofilter for Klebsiella pneumoniae and Bacillus
subtilis. In order to forecast the adsorption of Ph2+
based on pertinent input factors, it was described using
SEM and FTIR. Additionally, an intelligent and cost-
effective machine learning model, an adaptive neuro-
fuzzy model, grid-partitioning (GP), and fuzzy c-means
(FCM) were constructed. The ideal GP-clustered
ANFIS model produced the best predictions for Pb2+
adsorption, with correlation determination (R1) values
of 1.217, 0.563, 1.698, and 0.9966 for the root mean
square error (RMSE), mean absolute deviation (MAD),
and mean absolute percentage error (MAPE),
respectively.

Mu’azu, M. A. (2022) [11] This study aimed to
predict and early detect lung cancer using an adaptive
neuro fuzzy inference system (ANFIS) and artificial
neural network (ANN). The accuracy of (ANN) and
(ANFIS) was 98.913 and 97.087 respectively. Model
evaluation showed that the (ANN) and (ANFIS) have
been able to detect the absence or presence of lung
cancer.[11]

Cao, Y., Pourrostam, T., Zandi, Y., Deni¢, N.,
Cirkovié, B., Agdas, A. S., ... & Milic, M. (2021) [12]
The purpose of this study is to use patient Pap tests to
identify abnormal tissue growth in the cervix region for
the diagnosis of cervical cancer. The suggested
methodology uses form and a neuro-fuzzy based
diagnostic model to categorize cervical cancer into
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benign or malignant phases for pattern identification.
The presence of cervical cancer was successfully
recognized by the fuzzy expert system (FES) with
100% accuracy after a neural network was trained with
15-Pap imaging datasets. [12]

Sharafati, A., Haghbin, M., Tiwari, N. K,
Bhagat, S. K., Al-Ansari, N., Chau, K. W., & Yaseen,
Z. M. (2021)[13] Using input factors such sediment
concentration, flow depth, velocity, size of the
sediment, Froude number, extraction ratio, number of
tunnels, and flow depth, hybrid data-intelligence
models were created to estimate the sediment removal
of the sediment ejector.[13].

3. Method

To ascertain the degree of confidence in DNA-
based calling, this model was developed. The height,
peakness, and spacing data, which are the three input
parameters in our model, are collected using the base
calling method. The concavity at the highest point of a
peak is the first characteristic (P), which is specified as
a measure. The second attribute (H), i.e., the peak's
height, is the height. The last aspect is the base spacing
(S), which describes how the region compares from one
peak to the next. These variables can be calculated at
any location.

By gathering data from base calling and applying
it in the main system to generate the analysis value for
each base in DNA sequencing, these three attributes
may be determined in three subsystems.

3-The Data Collected

The sequencing machine first sorts and arranges
the raw data into a succession of peaks in order to
calculate the three attributes (peakness, height, and
spacing). Then, it is ready for the surge of peaks, and
each peak is effectively connected to a base. The base
calling algorithm needed an analysis value to assess
how well the framework was being executed, which
was the motivation behind the development of the
confidence model. The characteristics are extracted
from the raw data and fed into the model that is being
used. These are the crucial variables that aid in properly
differentiating the bases and forecasting the confidence
levels. They appear to have a role in how people
naturally  evaluate  confidence levels.  Three
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characteristics are extracted from the basic calling
procedure and used in the model. The first feature is the
height (H), or peak height. as seen in Figure 1. This
feature is calculated from the two inputs that are
gathered (P1 and P2). The second is the peakness (P),
which is determined from the two inputs and is a metric
that is associated with the concavity at the highest point
of a peak (P1 and P2). The last feature is the base
spacing (AS), i.e., the area contrasts starting with one
peak, then onto the next, and calculated from the two
input data (AS next and AS previous. The base-calling
depends on the expectation for the spacing between
bases [14]. Peakness, height, and spacing are three
qualities that must be calculated separately from one
another in order to be calculated properly. The
confidence level for every base in DNA base-calling is
then determined using these three qualities as the three
inputs to the main algorithm [15], [16].
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Figure (1): The clarification of the Height variables

The base call assesses the peakness, height, and
slope of the signals at the local level. The base-spacing
model is updated after a single base calling
operation[17], and the base calling component is
changed using the new spacing data. When base calling
is finished, the confidence levels of the bases being
called are calculated using the same parameters, height,
base-spacing, and peakness.

The information variables that used
systems for determining the features that are:

Height: The amount of each base from the
baseline is used to compute height.

H called: The base's height is termed H called.

H 2nd: The second candidate's height

in the
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Peakness: it’s referred to a peak's local sharpness.
It is described as a full impact rather than specifically
where a peak is located. Therefore, the higher the
peakness, the more likely it is that there will be a peak
there. The peakness numerical estimation is shown in
the next sections.

P called: The base's peakness was named as a
base called.

P 2nd: The second candidate's peakness.

Figure (2): Surface Circle and Radius of the Curve

Spacing: Ideally, there should be an equal
distance between each base. There are the raw data that
are gathered through the base calling algorithm, these
data are studied as the mathematical model and getting
it to use as the input to the system to determine the
spacing feature. There are various possible approaches
to express the variation of the spacing. Phred's
approach[18] is to select locations with bases that are
evenly spaced apart and analyses the sequence district
by area. The ASnext is processed as a divergence
between the actual[14] (Calculated distance between
the first called base and the second called base) as in
equation (1) and the anticipated separation as explained
in Figure 3.

M)

So also, for AS previous, the equation compares
the actual separation between the called base and the
previously called base with the projected separation.
The model is used to compute the anticipated separation
of the prior base equation (2). This serves as the input
to the model that is used, which is described in the
section below.

ASnext = Sn_actual - Sn_predicted

(2)

ASprevious = Sp_actual - Sp_predicted
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Figure (3): The clarification of the spacing variable

4- The Neuro-Fuzzy

A neuro-fuzzy (NF) theory method[19][20] is
taken into consideration since it combines the benefits
of fuzzy logic with neural networks. Manually setting
offsets in production networks might be used to
perform Fuzzy Logic[21] inferencing. Since it is widely
believed that neural networks require training, this
technique has been criticized. The ability to solve
adjustment issues and design restrictions inherent in
Fuzzy Logic is enabled by this merging.

5- ANFIS Architecture
A type of adaptive system called Adaptive
Neuro-Fuzzy Inference Systems (ANFIS)[22] s
essentially proportional to fuzzy induction. Both the
Tsukamoto fuzzy model and the Surgeon fuzzy model
represent ANFIS structures. Expect X and Y as two
inputs, and Z as one output.
Rule 1: If x is Al and y is B1, then f1 = p1x + gqly +rl1
Rule 2: If x is A2 and y is B2, then f2 = p2x + g2y +r2
The ANFIS layers [23]:
Layer 1

!

Layer 4

Layer2 Layer.’i }
| | Xy Layer5

l s @”’ DWI@
y ' @w2 ‘@wg D“’s

Xy
Figure (4): Layer1

In the layerl in Figure 4, every node i is an
adaptive node with the node function
0i1 = mpilx],forI=1,2 3
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or,
0i1 = Mpi—z [x],forI=3,4 (@)

Where x or y is the entrance to the node i and Ai
or Bi is a linguistic label

** 0O 1, i is the membership grade of a fuzzy set
and it indicates the extent to which the given input x or
y fulfills the measures typically as in the equations (3)
and (4), the membership function of a fuzzy set can be
any parameterized MF, for

example, (Triangle (is specified by three
parameters), Trapezoidal (is specified by four
parameters), Gaussian (is specified by two parameters),
and Generalized Bell (is specified by three
parameters)). Variables in this layer are alluded to as
antecedence Parameters.

Layer 1

|

Layer 4
|

Layer2  Layer3 v
| | Xy Layer 5
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Figure (5) layer 2
Each node i in the layer2 in Figure 5, is a settled
node named P, whose yield is the result of all the
approaching signals as in equation (5):

02; = W; = min{py;[X], ugi_2[X]}i=1,2 (5)
Every node yield represents to the terminating
quality of a rule.

Layer1 Layer 4

v Layer2 Layer3 |

| | Xy Layer5
g l @”” L 2 D &
v Xy
Figure (6): Layer 3
Each node in the layer 3 in Figure 6, is a settled
node named N. The ith node computes the proportion of

the ith rule’s terminating quality to the total of all rule’s
terminating quality as in equation (2.10):
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_ w;
03;= W; = Wit W,]’ (6)

[normalized terminating quality]

,I=1,2
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Figure (7): Layer 4

According to the layer4 in Figure 7, every node i,
is on an adaptation node with the node function as in
equation (7).

0is = W; Fi = W[PX+qY+r] (7)
Layer 1 Layer 4
‘L Layer2  Layer3 J/
,, | | Xy Layer5
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Figure (8): Layer 5

The single node in the layer5 in figure 2.10, is a settled

node named S, which calculates the overall yield as the
summation of every approaching signal as in

Equation(8)

5i = LiWiFi (8)

6-Approach Method
The DNA base calling analysis was carried out

using the model in conjunction with the acquired data,
and an appropriate design was created in accordance
with the issue criteria.

6-1 Obtain The analysis score using Neuro-Fuzzy
When it comes to DNA sequencing, our Neuro-
fuzzy model has a proven track record of delivering
findings with a high accuracy ratio and efficiency.
For establishing the analysis value of DNA base
calling, we utilize the Neuro-fuzzy methodology, which
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is the best way for measuring inaccurate analysis and
editing processes, making it faster and easier with the
findings and providing a believable and accurate
representation of the values. Figure 9 depicts the
systems of the Neuro-Fuzzy Confidence.

EBIED KR

ANV

Hemo-Fuzzy Hemo-Furzy Hemo-Fuzzny
Fedmess Hedght Spadng
— N

Model overview of the main ANFIS
Analysis score system

The procedures for using the MATLAB tool to
calculate the Neuro-Fuzzy analysis value were shown
in the process. Three subsystems and a primary system
are included in the simulation model for creating the
ANFIS. Confidence amount for every bases in the
major system may be estimated if we use three
characteristics (peakness, height, and spacing) from the
three subsystems.

Figure (9):

6-2 The method for calculating the Neuro-Fuzzy

analysis score is as follows:

Step 1: Gathered data from the base call algorithm (NP
called, NP 2nd, NH called, NH 2nd, and NS next,
NS prior) and saved it as dataset files.

Step 2: Split the dataset file into two files, one for
training and one for testing. Take 80% of the data
set for training and 20% for testing.

Step 3: Create numerous ANFIS models with various
MF and use the dataset file for training and
testing to determine the average testing error and
select the best one.

Step 4: the three Neuro Fuzzy subsystems are loaded
with these dataset files to extract the properties
(Peakness, Height, and Spacing).
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Step 5: Input the Main Neuro Fuzzy Confidence system
with the dataset files comprising the results from
the three Neuro Fuzzy subsystems.

Step 6: Create numerous ANFIS models with various
MF and use the results dataset file for training
and testing to determine the average testing error
and select the best one.

Step 7: Utilizing the chosen ANFIS model, set the
Confidence amount for every base of the basic
Neuro-fuzzy system.

6-3 Implementation

Through implementing the method, the dataset
file, which is split into training and testing datasets, is
created using the data gathered from DNA base calling.
We utilise around 80% of the dataset file for the
training set and 20% of the dataset file for the testing
set.

We try to apply the data through several
processes in the Neuro-Fuzzy model and choose the
optimal system with the lowest average testing error. In
training step, we load the file training set of data
samples for DNA base calling into each of the three
subsystems. The Neuro-Fuzzy inference system is then
generated, with the main system generating three inputs
and one output to get each base's confidence level and
the three subsystems generating two inputs and one
output to get the three features. According to the
system's membership function, we employ the AND
logical operation in our rules to construct the most
appropriate membership function, as mentioned, and
have the ANFIS structure based on the number of
membership functions and the input and output.

7- The mechanism method of the sub-systems and
the main system

In the three sub-systems and in the main system,
we trained each on the data with a percentage of 80%,
and then tested the system on the data with a percentage
of 20%, and we adopted the appropriate system with the
lowest possible error rate, by choosing the appropriate
member function for inputs and output, number of
epochs and type of network, we changed it more than
once and adopted the most appropriate system for each
of the three systems as shown in next sections. The
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system consists of two inputs (Pcalled, P2nd) to obtain
a Peakness value as shown in Figurel0.

-.\}'{) :xf'f
NPealed e Ul
Qe
\\‘f K‘g‘ / /,/
!) % FAY
NPire
Figure (10): The Peakness Subsystem's Input/output
Variables

We have applied several options and the most
appropriate system was adopted after the training and
testing process on the data to obtain the lowest possible
error rate as shown in the Table (1) and in Figure (11)

Table (1): the parameters of peakness subsystem

Type of MF of inputs Triangular
Type of MF of outputs Constant

Type of network back propagation
The number of epochs 500

(a) (b)

Figure (11): a: The Peakness training system, b:
Peakness testing system

SN
11

Figure (12): The Height Subsystem's Input /Output
Variables

We have applied several options and the most
appropriate system was adopted after the training and
testing process on the data to obtain the lowest possible
error rate as shown in the Table (2) and in Figure (13):

Table (2): The parameters of Height subsystem
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Type of MF of inputs Triangular
Type of MF of outputs Constant

Type of network back propagation
The number of epochs 550

| | |:., 5 = :
a: The Height training system, b:
Height testing system

The Spacing Neuro-Fuzzy Analysis system

The system consists of two inputs (Scatied, Sznd) t0
obtain a Spacing value as shown in Figure 14.

XX

L

N
XX

Migroe

Figure (14): The Spacing Subsystem's Input/Output
Variables

We have applied several options and the most
appropriate system was adopted after the training and
testing process on the data to obtain the lowest possible
error rate as shown in the Table (3) and in Figure 15:

Table (3): the parameters of spacing subsystem

Type of MF of inputs Gaussian
Type of MF of outputs Constant

Type of network back propagation
The number of epochs 600

1T oy it

.....

Figure (15): a: The Spacing training system, b:
Spacing testing system

8- The Neuro-Fuzzy Analysis main system:
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In the main system, we use the three variables
inputs obtained from the three subsystems which are
(Peakness, Height, and Spacing) as shown in Figure 16:

™~

XX -
o4l —

Spacrg

Figure (16): The main system's Input/Output
Variables

We have applied several options and the most
appropriate system was adopted after the training and
testing process on the data to obtain the lowest possible
error rate as shown in the Table (4) and in Figure(17):

Table (4): the parameters of main system

Type of MF of inputs Trapezoidal
Type of MF of outputs Constant

Type of network back propagation
The number of epochs 750

Figure 17: a: The Spacing training system, b:
Spacing testing system

9-Results

By creating the best design, then training and
testing the system, we were able to accomplish high
performance results. The rules are developed using the
Neuro-Fuzzy approach. Depending on the data set
entered into the model when the system is tested, the
IF-THEN principles are automatically produced in a
way which enables to provide the outcome with reach
to prosperity in the right analysis. On our data for each
system, we ran a number of ANFIS models in an effort
to determine which model had the lowest average
testing error and should be relied upon. Our method is
illustrated using a segment of a six-base DNA sequence
(CCGAT).

We collected the values of characteristics (height,
spacing, and peakness) from these three ANFIS
subsystems_s with a view to compute analysis amount of
every base's in base calling of DNA. The core ANFIS
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system's three inputs were then comprised of these three

values.
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10- The Peakness subsystem:

After the system was approved, the data was
applied to the system and the values were deduced as
shown in the Tableb.

Table (5): The peakness value

| NPcalled [ NP2nd | Peakness |
After the system was approved, the data was
applied to the system and the values were deduced as
shown in the Table 6.

Table (6): The Height value

In Figure (18) shows the rules and the values
that were applied in it, where the first column is the
first input, the second column is the second input, and
the third column is the output.
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Figure (18): The Peakness view rules
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In Figure (19) shows the rules and the values
that were applied in it, where the first column is the
first input, the second column is the second input, and
the third column is the output.
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Figure (19): The Height view rules
12- The Spacing subsystem

NHcalled NH2nd Height NSnext NSprior | Spacing
045 0.56 0.135 036 07 0449
08 036 0559 0.45 0.5 0.584
0.35 0.46 0.704
0.35 0.34 0.198
0.12 0.45 0.822
0.5 0.34 0.281
0.65 0.34 0.5295
0.8 0.3 0.586

Peakness Height | Spacing | Analysis Score
—— 0.166 0.135 | 0.449 0.134
— 0.372 0559 | 0584 0.497
0.5 0.198 0.704 0.144

165

0.34 0.87 0.166
0.76 0.76 0.372
0.45 0.56 0.5
0.34 0.5 0.326
0.5 0.47 0.5

In Figure (18) shows the rules and the values that
were applied in it, where the first column is the first
input, the second column is the second input, and the
third column is the output.

11- The Height subsystem

After the system was approved, the data was
applied to the system and the values were deduced as
shown in the Table 7.

Table 7: The Spacing value

In Figure (20) shows the rules and the
values that were applied in it, where the first
column is the first input, the second column is the
second input, and the third column is the output.
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Figure (20): The Spacing view rules

13- The Analysis score of the main system

The data obtained from the three subsystems
(Peakness, Height, and Spacing) are used as inputs to
the main system to construct the analysis score of
DNA base calling, as shown in Table 8.

Table 8: Analysis value from the main system
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0.326 0.281 0.822 0.262

0.5 0.586 0.5295 0.515

Figure (21) shows the rules and the values that
were applied in it from the three subsystems, where the
first column is the Peakness, the second column is the
Height, and the third column is the Spacing, and the
fourth column is the Analysis score.
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Figure(21): The view rules of the main system

14-The Conclusions

Using the MATLAB tool, the implementation of
DNA sequence analysis is concerned with obtaining
the analysis value for base calling. The model was able
to forecast the value in neuro-fuzzy by developing the
ANFIS for each of the three subsystems (height,
spacing, and peakness) to acquire the three
characteristics and the major system to prophesy the
analytical amount for every base in DNA. We attempt
to use the method in several processing systems and
rely on the one that performs the best and has the
lowest average testing error.
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