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Abstract—Machine learning methods used in the field of 

bioinformatics are a frequently used solution method in 
diagnosing, treating and investigating the underlying causes of 
diseases. In addition, it is an important field of study that allows 
for the ease of processing, the provision of computational power 
and the diversity of computational tools specific to the subject, 
especially in processes that require processing on gene expression 
and microarray data sets. In this study, an introduction has been 
made on the use of machine learning methods in the field of 
bioinformatics gene expression, and the use of machine learning 
methods has been exemplified by recent studies. 

Keywords— machine learning; bioinformatics; gene expression; 
microarray. 

I.  I  
Machine learning (

a wide range of uses, is concerned with the design of programs 

that computers find solutions to more complex problems day by 
day, are more integrated into human life, and the resulting data 
density is high, making machine learning important. 

In addition to these; ML, which has a range of applications 

models to be used in banks, credit applications, 
telecommunications, stock market and fraud detection. it also 
manifests itself in many disciplines (physics, astronomy, 
biology, etc.). ML, which stands out for its in-depth knowledge 
and understanding of medical data, especially in health and 
medicine, has an important place in early health applications, 

. 

becoming a basis for interdisciplinary research. ML 
technologies are also useful for categorizing, processing and 

conceptualizes biology in terms of molecules, applies "data-

mathematics, computer science, and statistics, and enables the 

. 

Within the scope of bioinformatics research, the size of the 

ywhere due to the digitalization of all processes 

healthcare professionals now prefer anilis and research on larger 
-growing genomic data rather than using traditional 

laboratories to stud

and the decrease in information processing costs and the increase 
in analytical efficiency. With its applications on growing 
genomic data, ML tec
bioinformatic. 

 

 Gene expression data 

 Gene ontology (GO) 

 Protein-protein interaction (PPI) data 

 Pathway data 

  

Gene expression analysis among them has come to the 
forefront recently and has an important position in the diagnosis 
of diseases. In gene expression analysis, conditions such as 

, stages of treatment and disease 
progression are analyzed. Today, gene expression data analysis 
helps to diagnose and examine a disease with a gene by detecting 

of infected or uninfected cells   

II. MACHINE L B E  

A. Machine Learning Study Topics in Bioformatics 
The basic biological areas where the data are analyzed by 

applying ML techniques are categorized in six different areas. 
These are genomics, proteomics, microarrays, systems biology 

 

First of all, Genomics, one of the most important fields of 
Bioinformatics, is a science that examines all structural and 
functional aspects of genomes belonging to different species, 
genomes of organisms, nucleotide sequences by applying 

 - - - -  
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chromosome sequencing techniques. It must be processed and 
 

The information obtained from the sequencing process is 
used in fields such as genomics, metagenomics, medical 
diagnosis, early diagnosis of cancer, regulation of gene 

location and structure of genes can be extracted from genome 
sequences for data processing. Next, the identification of 
regulatory elements and non-  

In the proteomics field, the main purpose of computational 
methods is to predict protein structure. Proteins are defined as 
complex macromolecules containing a large number of 
atoms.Therefore, the number of possible structures that can 
occur is high. ML techniques are used for predicting protein 
function, as in the genomic domain, in the proteomic domain 

 

Another area, microarray, is the best known area where 
complex experimental data are collected. Two different ways are 
followed for complex data. The first step is that the data must be 
preprocessed, that is, the data is changed by applying machine 
learning algorithms. The second step is to analyze the data to 
find the desired results. Examples of use of microarray data 
include pattern identification and data classification 

 

System biology; is another area where machine learning 
technology and biology work together. Since modeling 
intracellular life processes is a complex process, calculation 
techniques in machine learning are used for modeling biological 
and genetic networks, signal transmission networks, and 

 

 and ml 
techniques are used for phylogenetic tree reconstruction. The 

 

As the last area, text mining is mentioned due to the 
application of computational techniques depending on the 
increasing amount of data. Examining this situation, text mining 
is becoming increasingly important in computational biology, 
and functional explanation is applied to topics such as cellular 
location estimation a  

B. Importance of Gene Expression to Bioinformatic  
Gene expression and gene datasets are important areas of 

interest frequently used in bioinformatics. It is used to categorize 
orders or personal 

cellular conditions as a result of extracting gene expression 
profiles from the data in the field of bioinformatics and 

steps today. 

deducing from 

Cancer is one of the most common and most subject to many 
studies. Cancer causes maximum death worldwide, according to 

 

Gene expression data analysis is also important in the 

types, poses a great risk in human life as it affects human 

potential risks; it is th

expression of cancerous cells can be compared to healthy cells 
to understand cancer pathology. Some cancer conditions in 
humans are associated with genetics. For this reason, it is 
necessary to correctly analyze gene expression data and make 
high accuracy predictions for the factor causing cancer or 
possible cancer risk. In other words, by using gene expression, 

cancer. 

Some difficulties arise in the detection or structural 

The complexity and high dimensions of genomic data limit the 
analysis to be made. In the field of microarray research, the 
increased sample size and feature size of gene expression data 

e 
number of genes and the small number of patients, machine 

accurate predictions. Because most of the genes are unnecessary, 
which reduces prediction performance. 

Gene selection is needed to sele
the disease in order to increase performance in the examination 
and early diagnosis of diseases. If we look at cancer disease, 
applying gene selection methods for the analysis of gene 

n is a necessary step. 

 

III. MACHINE L T GENE E
DATA ANALYSIS AND ELEATED W  

In this section, in the bioinformatics included in the study, 
machine learning techniques used for gene expression data 
analysis and related studies that are created by using these 
techniques are included. Common used machine learning 

es on 
gene expression, it is striking to use machine learning techniques 
as a solution, especially in cases where computational processes 
are intense and time consuming. Although these studies are 
frequently encountered in diagnosis and diagnosis, there are 
many studies for different purposes with gene and microarray 

it is often difficult to differentiate many different soft tissue 
sarcoma subtypes based on morphology. Stochastic Neighbor 
Embedding clustering and a deep neural network methods were 

determined Again, in the same study, prognostic genes were 
-nearest neighbor algorithm and confirmed 

by comparing with expression data from the French Sarcoma 

-like diseases (renal carcinoma, lung 
adenocarcinoma, and chronic myeloid leukemia) treated with 
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Machine learning algorithms can be used in gene expression, 
data generation, data analysis and prediction processes. For 
example, in a study by 
gene expression data to predict Systemic lupus erythematosus 

and the classification process of SLE patients was performed. In 
 and random forest learning algorithms 

 
percent  

ifferent tumor classes. In this study, 
-

-layer 
sensor (MLP), the highest accuracy rate among algorithms was 

 percent  percent
. 

 
 Machine Learning Techniques 

 Machine learning techniques are also used in the selection of 
attributes in order to facilitate the analysis of gene expression or 
microarray data, as well as the detection of diseases. For 
example; A recently proposed hybrid trait selection method 
carried out the state-of-the-art Correlation-based trait selection 

 binary 
particle swarm optimization (iBPSO) application they 

way, obtained remarkable results in terms of both high success 
of classification accuracy and size reduction performance. In 

bacterial-inspired algorithms are frequently encountered 

For example in a study, the feature selection method guided by 
the bacterial colony optimization algorithm aimed to increase 
the search capacity in discrete optimization problems while 

hybrid feature selection algorithms combining Wrap and a filter 

thm (AGA) 
 

Studies that use machine learning methods to create gene-
oriented diagnosis and relationship models are also frequently 
encountered. In specific cases, identifying the underlying causes 
and gene relationships of diseases is an essential preliminary 

e
currently included in research, based on Broad Institute Cancer 
Genome Atlas (TCGA) datasets that include cancer site, stage 

gene transcr

the transc
 

IV. C  
Increasing data with the use of technology in bioinformatics 

especially in gene expression and microarrays that create big 
data, is critical in identifying diseases, detecting diseases and at 
certain stages of treatment processes. Machine learning 

cesses, are 

this field day by day. In addition, subject-oriented machine 
learning algorithms enable bioinformatics researchers to focus 
on their areas of expertise by facilitating their analysis processes. 

The study emphasized the importance of machine learning 
methods in bioinformatics, and presented examples of the use of 

analysis of gene expression and microarray data with ML. 
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