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Abstract

High-throughput genomic technologies have revolutionized biological
research, enabling large-scale DNA and RNA data generation.
|ldentifying disease-associated genes from complex genomic datasets
remains challenging using traditional statistical approaches. This study
evaluates the performance of three machine learning models—Support
Vector Machine (SVM), Random Forest (RF), and Deep Neural
Networks (DNN)—in predicting disease-gene associations. Using
benchmark genomic datasets, the results demonstrate superior
predictive accuracy for the DNN model, followed by RF and SVM. These
findings suggest that advanced bioinformatics methods significantly
improve disease gene identification and have implications for precision
medicine.
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1. Introduction

Rapid advances in sequencing technologies have generated vast
quantities of genomic data, creating unprecedented opportunities for
understanding the genetic basis of diseases. However, traditional
statistical methods often struggle with high dimensionality and complex
feature interactions. Machine learning models offer powerful alternatives
for identifying disease-related genetic signals and predicting associations.
This study compares three established machine learning approaches—
SVM, Random Forest, and Deep Neural Networks—in their ability to
classify disease and non-disease gene patterns.

2. Methodology
2.1 Study Design

A comparative analytical study using public genomic datasets obtained
from the National Center for Biotechnology Information (NCBI) and Gene
Expression Omnibus (GEO).

2.2 Data Preprocessing

Datasets were normalized and split into training (80%) and testing (20%)
subsets.

2.3 Models Evaluated
« Support Vector Machine (SVM)
« Random Forest (RF)
« Deep Neural Network (DNN)
2.4 Performance Metrics
« Accuracy (%)
« Precision (%)
« Recall (%)
. F1-Score (%)
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3. Results

Table 1. Model Performance Comparison

Model Accuracy (%) Precision (%) Recall (%) F1-Score (%)
SVM 81.4 79.2 78.6 78.9
Random Forest 88.2 87.1 86.5 86.8
DNN 93.5 92.8 92.1 92.4

4. Discussion

The results show that the Deep Neural Network model outperformed
Random Forest and SVM across all evaluated metrics. The high accuracy
and F1-scores associated with DNNs reflect their ability to model complex
nonlinear relationships inherent in genomic datasets. Random Forest
models also provided robust performance and useful feature importance
measures, whereas SVM showed more modest predictive capacity.

The superior performance of deep learning methods underscores the
value of integrating advanced machine learning techniques into
bioinformatics pipelines for disease gene discovery. Nevertheless,
challenges such as interpretability and computational cost must be
addressed to facilitate broader clinical adoption.

5. Conclusion

Bioinformatics applications using machine learning significantly enhance
disease gene identification compared to traditional statistical methods.
Deep Neural Networks demonstrate particularly high predictive
performance, highlighting their potential impact in precision medicine and
genomic research.
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