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Abstract
A protein that can bind with DNA is called as DNA binding protein. It can also interact with DNA. It has
an important and critical role in gene expression and transcription. Therefore, using DNA binding
protein we can develop some important drugs which can be used to treat cancers and genetic diseases. So
in the domain of molecular biology, it has become a challenging and essential problem for researchers to
develop highly accurate and efficient methods for identifying DNA binding protein. Also, the experimental
methods are more time consuming and very expensive, hence there is a need for a method based on
machine learning. Here, various experiments are demonstrated and analyzed. Finally, we have proposed
a method to predict DNA-binding protein using Convolutional Neural Networks. This proposed method
takes a 2D PSSM (Position Specific Scoring Matrix) of a protein sequence as input with the dataset that
is available in Protein Data Bank. We have attained an accuracy of 97.67% when we have performed our
method on the PDB1075 dataset, and it has attained an accuracy of 89.32% on the PDB186 dataset.
Keywords: Protein, DNA-Biding, PSSM, CNN, Deep Learninig

1. Introduction
A protein that can bind with DNA is called as DNA binding protein. It consists of different DNA
binding domains. The process of transcription is regulated by transcription factors, DNA molecules are
split by nucleases and chromosome packing in the cell nuclei are done by histones. DNA-BPs performs
two important functions: at first, it arranges and close-packed the DNA then it controls and also
influences different cellular processes. DNA binding protein can be used to develop some important drugs
which can be used to treat cancers and genetic diseases. So in the domain of molecular biology, it has
become a challenging and essential problem for researchers to develop highly accurate and efficient
methods for identifying DNA binding protein. Traditionally, this DNA binding protein has been
recognized by using various techniques experimentally. These include filter binding assays [2], genetic
analysis [3], X-ray crystallography [4], chromatin im-munoprecipitation on microarrays [5], etc.
Nowadays computational techniques have been used by researchers for identifying DNA binding protein
[6] because these experimental methods are more time consuming and very costly.

2.Related Works
2.1 Prediction of DNA-binding proteins based on revolutionary profiles using SVM. [1]
Introduction : Manish Kumar et al.[1] have put forward a method for identifying DNA-binding protein
based on PSSM pro les using SVM and a web server named DNAbinder has been designed[9].
Dataset Description : On DNAaset, which consists of 1153 DNA- binding and 1153 non-DNA-binding
proteins an SVM model is designed.
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Results : Accuracy of 71.59% with Sensitivity = 72.59% , Specificity = 70.59%, MCC = 0.43 are
obtained using dipeptide compositions and Accuracy of 72.42% with Sensitivity = 72.51% , Specificity =
72.33%, MCC = 0.45 are obtained using amino acids. When PSSM pro les are used the execution of the
SVM model is increased to Accuracy of 74.22% with Sensitivity = 73.53% , Specificity = 74.92%, MCC
= 0.49. Also, on DNAset an SVM model has been developed, which comprises 146 numbers of DNAbinding and 250 numbers of non-DNA binding and it attained an Accuracy of 86.62% with Sensitivity =
86.32% , Specificity = 86.80%, MCC = 0.72 using PSSM pro les and Accuracy of 79.80% with
Sensitivity = 78.11% , Specificity = 80.80%, MCC = 0.58 using amino acid composition [8].
Advantage : Better performance is obtained by using PSSM pro les.
Disadvantage : Dipeptide gives very poor performance.
2.2 A Framework to identify DNA Binding Protein [9]
Introduction : Xiu-Juan Liu et al.[9] have proposed a model stacking framework to combine and analyze
freely-coupled models to identify DNA-binding proteins by MSFBinder. This framework combines
ACStruc, 188D, PSSM DWT, and Local DPP feature extraction techniques which are put as an input into
random forest and SVM. After that, a logistic regression model was enforced to do the latter prediction.
Dataset Description : Two standard datasets namely PDB186 and PDB1075 are used. The dataset
PDB1075 comprises of 525 number of DNA-binding proteins and 550 number of non-DNA-binding
proteins, whereas the dataset PDB186 comprises of 93 number of DNA-binding proteins and 93 number
of non-DNA-binding proteins.
Results : The above method attained an Accuracy of 83.53% with Sensitivity = 83.81% ,
Specificity = 83.27%, MCC = 0.6707 when performed on the PDB1075 dataset, and it
attained an Accuracy of 81.72% with Sensitivity = 89.25% , Specificity = 74.19%, MCC =
0.6417 on the independent dataset PDB186.
Advantage : Local DPP beats all the other three features with a better performance.
Disadvantage : The attainment of AC struct is poorer than the others.
2.3 Prediction of DNA-binding proteins based on PSSM information. [10]
Introduction : Yubo Wang et al. [10] have used three feature extraction tech-niques NMBAC, PSSMDCT, and PSSM-DWT to extract the features from the protein sequence. After feature selection, the
selected features are put as input to train the SVM (support vector machine).
Dataset Description : Here, PDB186, PDB1075, and PDB594 datasets are used. The PDB1075 dataset
comprises of 525 number of DNA-binding proteins and 550 number of non-DNA binding proteins. The
PDB594 dataset comprises 297 number of DNA-binding proteins and 297 number of DNA- non-binding
proteins. The PDB186 dataset comprises of 93 number of DNA-binding proteins and 93 number of nonDNA binding proteins. Jackknife test is done by using the datasets PDB1075 and PDB594 and an
independent test are done by using the dataset PDB186.
Results : The above method attained an Accuracy of 86.23% with Sensitivity = 87.43% , Specificity =
85.09%, MCC = 0.73 when performed on the PDB1075 dataset, and it attained an Accuracy of 76.3%
with Sensitivity = 92.5% , Specificity = 60.2%, MCC = 0.557 on the independent dataset PDB186.
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Advantage : Better performance is obtained when all the feature extraction techniques are merged.
Disadvantage : PSSM-DCT features are not as effective as the other two features.
2.4 DNA-Binding Protein recognition using Evolutionary detail. [11]
Introduction : Xiangzheng FU et al.[11] put forward a feature extraction method named K-PSSMComposition. During the process of evolution, these features can preserve the evolutionary detail of a
protein. RFE methods are used to find the best features which are put as an input to the support vector
machine.
Dataset Description : PDB1075 dataset comprises of 525 number of DNA binding proteins and 550
number of non-DNA binding proteins and PDB186 comprises of 93 number of DNA binding proteins and
93 number of non-DNA binding proteins.
Results : The above method attained an Accuracy of 89.77% with Sensitivity = 90.29% , Specificity =
89.27%, MCC = 0.80 when performed on the PDB1075 dataset, and it attained an Accuracy of 88.71%
with Sensitivity = 95.70% , Specificity = 81.72%, MCC = 0.782 on the independent dataset PDB186.
Advantage : It takes less time and space.
Disadvantage : Attainment is not so good.
Feature selection is essential to get good performance.

2.5 PseAAC, a model to recognize DNA-binding protein. [12]
Introduction : M.Saifur Rahman et al.[12] have put forward a method that can pull out relevant
information right away from the protein string. After that, the RFE [13] method is used to find the best
features which are put as an input to the support vector machine[14].
Dataset Description : Dataset PDB1075 comprises of 525 number of DNA-binding proteins and 550
number of non-DNA binding proteins. For indepen-dent testing, the PDB186 dataset comprises 93
number of DNA binding and 93 number of non-DNA binding proteins is used.
Results : The above method attained an Accuracy of 95.91% with Sensitivity = 94.10% , Specificity =
97.64%, MCC = 0.92 when performed on the PDB1075 dataset, and it attained an Accuracy of 77.42%
with Sensitivity = 83.87% , Specificity = 70.97%, MCC = 0.553 on the independent dataset PDB186.
Advantage : Good performance.
Disadvantage : Complex due to the number of feature dimension.
It requires more time and space due to the ensemble classifier.
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3. Proposed Method
Through techniques like Random Forest, Support Vector Machine (SVM), and Logistic Regression, the
execution of the prediction of DNA binding protein rely on the feature extraction technique. So, we need
to perform the feature extraction separately which is time-consuming. Also, we have seen that all these
methods do not give better accuracy. Here, we have proposed a technique to predict a DNA binding
protein using Convolutional Neural Network (CNN) [15] that will consider all the above discussed issues.
The proposed method is shown in Figure 2.

Figure 2. Prediction of DNA-binding protein using CNN

4.Convolutional Neural Network(CNN)
Prediction of DNA-binding protein has been done using different types of classifiers like Support vector
machine, [18] Naive Bayes Algorithm, Random Forests, Artificial Neural Networks [17]. In this paper,
we have discussed the Convolutional Neural Networks(CNN) [19] approach. CNN is like the Feed
Forward Artificial Neural Network. In the adjacent layers, CNN [20] has a local connectivity pattern
between the neurons.
4.1 Input Layer
In this layer, a 2D PSSM matrix is given as input.
PSSM PSSM stands for Position Specific Scoring Matrix. This PSSM matrix is generated by PSI-BLAST
that preserves the revolutionary detail of a protein. The size of the PSSM of a protein string is M×20
formulated as follows:
𝑓1,1 ⋯
⋱
PSSM = [ ⋮
𝑓𝑀, 1 ⋯

𝑓1,20
⋮ ]
𝑓𝑀, 20

where M is the length of the protein string and fxy is the score of an amino acid that becomes different
during the process of evolution from xth location to yth location in the sequence of protein. x = 1,2,. . . ,M
and y = 1,2,. . . ,20.
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4.2 Convolution Layer
Convolution layer is used for the purpose of the feature extraction. Kernels or filters are used in this layer
to produce the output called a feature map. The size of this feature map depends on the number of filters
used, stride and padding.
4.3 ReLU
The purpose of ReLU stands for Rectified Linear Unit is to maintain non-linearity in CNN. The output of
ReLU is f(y) = max(0,y), where y is the input to the neuron.
4.4 Pooling Layer
This pooling layer is used to reduce the number of parameters or dimensionality of each feature map. It is
also called downsampling. There may be max pooling, sum pooling and average pooling.
4.5 Fully Connected Layer
After the Convolution and Pooling layer, the Fully Connecter layer is added to build the CNN model.
This FC layer takes the input as a vector.
4.6 Output layer
Finally, an activation function such as softmax or sigmoid is used to classify the output as DNA-binding
or non-DNA-binding protein.

5. Implementation and Result Analysis
Input Dataset Here, we have considered two datasets, PDB1075 and PDB186. Dataset PDB1075
comprises of 525 number of DNA-binding proteins and 550 number of non-DNA binding proteins.
Whereas the PDB186 dataset comprises 93 number of DNA binding and 93 number of non-DNA binding
proteins. A sample of the dataset PDB1075 has been shown in the Figure 3.

Figure 3. A sample of the dataset PDB1075
Platform
1. Python 3.6
2. Tensorflow 1.8
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Result Analysis : Our method has attained an accuracy of 97.67% when performed on the PDB1075
dataset, and it attained an accuracy of 89.32% on the PDB186 dataset.
Comparison with Other Methods : For better comparison a table 1 and two graphs (graph 4 and graph
5) have shown to compare our method with all other methods.

Table 1. Comparison of our method with other methods
SL No.
Methods
Accuracy(%) on PDB1075 Accuracy(%) on PDB186
1
Xiu-Juan Liu
83.53
81.72
2
Yubo Wang
86.23
76.30
3
K-PSSM
89.77
88.71
4
PseAAC
95.91
77.42
5
Our method
97.67
89.32

Figure 4. Comparison of Accuracy Value using PDB1075 Dataset
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Figure 5. Comparison of Accuracy Value using PDB186 Dataset
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