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Abstract— The transcription binding sites form the base for 

knowing the gene regulation and DNA annotation. The 

prediction of Transcription factor binding sites (TFBSs) is a 

vital step in genomic study and is carried out by using varied 

methods like Chip-Seq, Positive-Weight Matrix, Deep Poly 

and many more but according to studies, the Neural 

Networks have shown more accurate result. Thus, in our 

paper we are using a deep learning approach, taking DNA 

sequence, Chromatin Accessibility, Histone Modification 

and TATA box sites as inputs to our CNN model, to obtain 

more accurate TFBSs. During model training, we also used 

the complementary DNA sequence of the DNA strands in 

the dataset to achieve better results. 
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I. INTRODUCTION 

The Transcription is a critical step which regulates gene 

expression and maintains the cell's identity. Transcription 

helps knowing which gene will show up its characteristics 

and regulate the gene expression[1]. The facilitation and 

repression of transcription depends on the Transcription 

Factor (TF) that binds at particular cis-regulatory elements 

in promoter regions of DNA. These regions are called as 

Transcription Factor Binding Sites (TFBSs), which regulate 

many genomic characteristics of the DNA [2]. 

Knowing the importance of TFBSs in genomics 

many physical methods are implemented since the Human 

Genome Project, in studying the eukaryotic cells. These 

methods (like ChIP-seq) are expensive as well as tedious, as 

they consider only one single cell type and demand tissues 

[3]. The need of computation methods was thus felt leading 

many algorithms like Position Weight Matrices (PWMs), 

Support Vector Machine(SVM), ensemble random forest 

models and many more to be used. Out of all these, Neural 

Network shave outperformed all these methods. [4] And 

more of Convolutional neural network(CNN)[5]. 

Thus, we have proposed a method which uses the 

computational advantages of CNN and predict the TFBSs as 

discussed further in the paper, which is structured as Section 

II Literature Review, Section III Technical Background, 

Section IV Result and Analysis and Section V includes 

Conclusion and discusses the future scope for research.  

II. LITERATURE REVIEW  

The transcription has a huge importance in understanding 

the genomics and DNA annotation. Thus a detailed study of 

binding sites and their context like orientation, motif 

locations, nucleosome occupancy is done [6]. There is a 

wide range of research that has been done over different 

influencing factors for transcription and its application in 

understanding the immune responses and their 

characteristics towards target motifs [7], and studying 

cancer somatic mutation [8]. Having a wide range of 

application and complexities in experiments the need to 

computational algorithms was felt. 

The methods involved in predicting the TFBSs 

started with simple methods of using Markov modeling [9]. 

Then use of Positive Weight matrices was seemed to have 

decent success [10]. The problems faced in position specific 

energy matrices (PSEMs) were tried to overcome by using 

ensemble random forest model [11]. The computation 

footprinting methods considering ATAC-seq are also 

implemented in finding TFBSs [12].   

With time the use of machine learning approach 

was taken up by Yuanqizeng and Wuzhong dong in [13] 

using semi- supervised algorithms. They used a CNN with 

classification layers and multiple hidden layers to find 

TFBSs.  

The [14] show a use of Convolutional neural 

network and kernel method in predicting TFBSs and protein 

homology. Daniel Quangand Xiaohui Xie used FactorNet 

model to predict binding sites using forward and reverse 

complement DNA sequence for more accuracy [15].  

All these methods used so far shows that 

considering multiple influencing inputs and using DNA 

strands complementary reverse sequence in Convolutional 

Neural Network will help achieve the Transcription binding 

sites precisely which we have implemented in our model. 

III. TECHNICAL BACKGROUND 

A. Flow of Implementation 

The proposed method can be divided as preparing inputs and 

building model. The dataset of DNA sequences are obtained 

from [5]. The dataset is in FASTA format with each DNA 

sequence of length 100bps (base pairs).The probability of 

finding the DNA motifs in length 100bps of promoters 

region of DNA is more.  

The DNA sequence is used to predict the 

Chromatin accessibility, using which we generate the 

Histone modification data. We also use DNA sequence in 

finding TATA-box motifs using Multiple Bloom Filters. 

Then all these inputs DNA sequence, Chromatin 

accessibility, Histone modification data and TATA-box 

motifs are given to the CNN model to find the TFBSs. 

https://ieeexplore.ieee.org/author/37088369796
https://ieeexplore.ieee.org/author/37088374803
https://www.sciencedirect.com/science/article/pii/S1046202318303293#!
https://www.sciencedirect.com/science/article/pii/S1046202318303293#!
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Fig. 1: Flow of system implementation 

B. Preparative Stage 

The stage one of proposed method starts with predicting the 

Chromatin Accessibility in DNA sequence using the Deep 

openness prediction network (Deopen), a hybrid 

computational model built using deep CNN and three layer 

FFN (Feed Forward Network)[16].  

The Chromatin accessibility data is then further 

used in predicting Histone Modification using sequence data 

for varied histone markers. This is achieved through 

DeepHistone, a DNN (deep neural network) proposed in 

paper [17], it has used the classification model to extract the 

Histone modification motifs for varied Histone Markers 

using DNA module and DNAse module.  

The Bloom filters is a pattern matching algorithm 

that helps us extracting the TATA-box motifs in DNA 

sequence[18]. 

 
Fig. 2: Deopen Schematic Diagram [16] 

C. Convolutional Neural Network (main module) 

The Process of prediction TFBSs begins once all the outputs 

of data input modules are obtained in the required format. 

The main prediction module is a Convolutional Neural 

Network, having inputs:- 

 DNA sequence and its reverse complementary sequence. 

 Chromatin Accessibility 

 Histone Modification for particular Histone Marker 

 TATA-box motifs. 

The main module uses the one hot encoding format 

for accepting the inputs. It uses forward and reverse DNA 

sequence to help verify the results coming from both inputs 

and helps train the model more specifically. The 

Convolutional network extracts the features and predicts the 

TFBSs with the depths.  

IV. RESULTS AND ANALYSIS  

We performed the computation over two different datasets 

having data variation with respect to sequences and cell 

types. The accuracy achieved was observed to improve than 

the previous studies, which are 0.9536 and 0.9707 for the 

two datasets used. 

The results obtained are shown in fig 3, showing 

the probability of TFBSs over the DNA sequences of 

100bps for the given inputs. 

 

 
Fig. 3: Results for proposed model 

The improvement in results is observed because of 

considering multiple influencing factors as input and by 

using complementary DNA sequence for training purpose. 

The accuracy achieved in by [5] lies around 0.901- 

0.93AUC. 

 
Fig. 4: The comparative analysis of CNN in [5] 

The results of paper [19] have precision of 87% 

and recall of 77% using deconvNet and having single 

nucleotide resolution. The results we have observed have 

thus been good to locate the TFBSs in given DNA sequence. 

V. CONCLUSION AND FUTURE SCOPE  

The transcription forms the bases of gene regulation and 

defining the functional schema of a gene. We observed that 

considering the genomic data inputs that influence the 

Transcription Factor binding sites if took into integrative 
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structure for building a CNN model helps us achieve more 

accuracy. Locating TF in DNA promoter regions is more 

efficient by using TATA-box motif and using 

Complementary DNA sequences helps better train the model 

to achieve more precision. The model takes only DNA 

sequence as its input while the rest of the inputs are 

extracted by the algorithm itself making it more easy to use. 

In the future, we can attempt improving the prediction by 

integrating other weighted inputs like AUG start codon, 

nucleosome positions, factors affecting promoters regions, 

DNA shape and also integrating Neural network with 

different logistic algorithms. 
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