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Abstract:  
A This study aims to identify new candidate microRNAs (miRNAs) in different organisms capable of inhibiting 

the replication of SARS-CoV-2 through the use of machine learning and regression analysis. The research 

expands the diversity of miRNAs analyzed and improves the accuracy of predictions compared to previous 

studies. The dataset includes sequences of miRNAs from various sources such as miRBase and NONCODE. The 

data analysis software "Weka" is used to apply machine learning techniques and regression analysis. 

Algorithms such as Support Vector Machines, Random Forest, and Gradient Boosting are employed to identify 

miRNAs that may interact with relevant genes in the replication of SARS-CoV-2, such as ACE2 and TMPRSS2. 

Regression analysis allows quantification of the effectiveness and specificity of interactions between miRNAs 

and their molecular targets. The results obtained are compared to previous studies to identify improvements in 

the predictive model. The study highlights the importance of in vitro and in vivo approaches to validate the 

identified miRNA candidates and discusses the implications of these results in the development of future 

therapies against COVID-19. 
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I. Introduction  
 The COVID-19 pandemic caused by the SARS-CoV-2 coronavirus has presented a global challenge in 

public health, economy, and society as a whole. The rapid spread of the virus and its high transmission rate 

highlight the urgent need to develop effective approaches to combat virus replication. A promising approach is 

the identification of new microRNAs candidates for inhibiting SARS-CoV-2 replication through machine 

learning techniques. 

The use of machine learning techniques in the identification of new microRNAs candidates for 

inhibiting SARS-CoV-2 replication has gained prominence in scientific research. Machine learning is an area of 

artificial intelligence that allows machines to automatically learn from data and make predictions or decisions 

based on that data. These techniques have been shown to be valuable in analyzing large volumes of biological 

data and identifying new therapeutic targets. 

One of the main challenges in identifying new microRNAs candidates for inhibiting SARS-CoV-2 

replication is the vast amount of available data, such as microRNA sequences, viral genomic sequences, and 

gene expression data from different tissues. Machine learning techniques, such as supervised, unsupervised, and 

deep learning algorithms, have been applied to analyze this data and identify microRNAs candidates for 

inhibiting virus replication. 

Recent studies have demonstrated the effectiveness of using machine learning techniques in identifying 

new microRNAs candidates for inhibiting SARS-CoV-2 replication. For example, Zhang et al. (2020) used a 
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supervised learning approach to identify microRNAs that target SARS-CoV-2 genes, based on gene expression 

data from human lung cells. Another study by Ye et al. (2021) applied an unsupervised learning approach to 

identify microRNAs that are differentially expressed in COVID-19 patients compared to healthy controls. 

In addition, machine learning techniques have also been applied in predicting the function and 

mechanisms of action of microRNAs as candidates for inhibiting the replication of SARS-CoV-2. For example, 

Li et al. (2020) used a machine learning approach based on convolutional neural networks to predict the 

interactions between human microRNAs and genes of SARS-CoV-2, thus identifying potential microRNA 

candidates for virus inhibition. 

Another interesting approach is the use of machine learning techniques in identifying microRNA 

candidates for inhibiting the replication of SARS-CoV-2 in different host species, such as animal models of 

study. For instance, Liu et al. (2020) used a machine learning approach to identify microRNA candidates for 

inhibiting the replication of SARS-CoV-2 in bats, which are considered the primary natural reservoirs of the 

virus. This approach allows for a more comprehensive understanding of possible microRNAs involved in the 

host-virus interaction across different species, providing important insights for the development of therapeutic 

strategies. 

Moreover, machine learning techniques have been used in combination with other bioinformatic 

approaches, such as protein interaction network analysis, to identify candidate microRNAs for inhibiting SARS-

CoV-2 replication. For example, Zhou et al. (2021) developed an integrative approach that combines gene 

expression data, protein interaction prediction, network analysis, and machine learning algorithms to identify 

microRNAs with potential for virus inhibition. 

It is important to note that the identification of new microRNA candidates for inhibiting SARS-CoV-2 

replication through machine learning techniques is an evolving approach. New techniques and algorithms are 

continuously being developed and improved to enhance the accuracy and efficiency of microRNA 

identification. Moreover, experimental validation of the identified microRNAs is still required to confirm their 

efficacy in inhibiting SARS-CoV-2 and their potential application as therapeutic targets. 

Therefore, the aim of this study is to use machine learning techniques and regression analysis to 

identify new microRNA candidates in different organisms that can inhibit SARS-CoV-2 replication. By 

analyzing large volumes of biological data and using machine learning algorithms, patterns and relationships 

between microRNAs and virus replication are sought to be identified. This approach has the potential to identify 

new therapeutic targets against SARS-CoV-2, providing valuable insights for the development of strategies to 

combat the COVID-19 pandemic. 

 

II. Background  
Micrornas and their function in gene expression regulation 

MicroRNAs (miRNAs) are small non-coding RNA molecules that play a crucial role in gene 

expression regulation in various organisms, including humans. They have been extensively studied as post-

transcriptional regulators, capable of influencing messenger RNA (mRNA) stability or translation, leading to 

fine-tuned regulation of protein levels in cells (BARTEL, 2009). 

The action of miRNAs occurs through complementary binding to the target mRNA, leading to its 

degradation or inhibition of translation (HUNTZINGER; IZAURRALDE, 2011). These processes occur through 

the formation of a ribonucleoprotein complex called RNA-induced silencing complex (RISC), which includes 

the miRNA and associated proteins (AMBROS, 2004). 

They have a broad spectrum of gene targets, and it is estimated that more than 60% of human genes are 

regulated by miRNAs (FRIEDMAN et al., 2009). Their implication has been observed in a wide variety of 

biological processes, such as embryonic development, cell differentiation, immune response, apoptosis, and cell 

proliferation (BARTEL, 2009; BUSHATI; COHEN, 2007). 

In addition to their role as gene regulators, miRNAs have also been associated with several human 

diseases, including cancer, cardiovascular, neurodegenerative, and metabolic diseases (ESTELLER, 2011). 

Increasing evidence has shown that dysfunctions in miRNA regulation can contribute to the pathogenesis of 

various diseases (HE; HANNON, 2004). 

MiRNAs are essential for the development and homeostasis of organisms, and their dysfunction can 

lead to serious health consequences. They have been the subject of intense scientific investigation as potential 

biomarkers and therapeutic targets in various diseases (MENDELL; OLSON, 2012). The discovery of new 

miRNAs has been facilitated by the use of next-generation sequencing techniques, which allow for the 

identification of previously unknown miRNAs in different tissues and in response to different stimuli (KIM et 

al., 2016). The analysis of their functions and regulatory mechanisms has advanced significantly in recent 

decades, providing important insights into their biological importance and potential application in medicine 

(BARTEL, 2018). 
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Recent studies have demonstrated that miRNAs also play an important role in regulating viral 

infection, including SARS-CoV-2 infection, the virus responsible for the COVID-19 pandemic. Several 

miRNAs have been identified as regulators of viral replication, immune response, and inflammation associated 

with viral infection (PIZZINI et al., 2021; LI et al., 2020). These findings highlight the importance of miRNAs 

as key regulators in the interaction between the host and the pathogen. 

Understanding the role of miRNAs in gene regulation has advanced rapidly, and their potential as 

therapeutic targets has been widely explored. Modifying the expression of specific miRNAs can have significant 

effects on the expression of disease-associated genes, offering promising opportunities for the development of 

new therapies (OBAD et al., 2011). Furthermore, the use of miRNA-based therapies has the potential to be more 

selective and less toxic compared to traditional gene therapy approaches (VAN ROOIJ; KAUPPINEN, 2014). 

However, there are still challenges to be overcome in fully understanding the regulatory mechanisms of 

miRNAs and their clinical application. The complexity of gene expression regulation processes involving 

miRNAs, including their target specificity, interaction with other regulatory factors, and temporal dynamics, are 

still being investigated in detail (FABIAN et al., 2010). Moreover, the efficient and specific delivery of miRNAs 

to specific cells and tissues remains a challenge in miRNA-based therapy (BARTEL, 2018). 

Therefore, miRNAs play a fundamental role in gene expression regulation in various biological 

processes, including embryonic development, cell differentiation, immune response, and human diseases. They 

have been extensively studied as potential biomarkers and therapeutic targets in various diseases. The 

understanding of their regulatory mechanisms and clinical application has rapidly advanced, offering promising 

opportunities for the development of new therapies. However, there is still much to be explored regarding target 

specificity, interaction with other regulatory factors, and efficient delivery in miRNA-based therapies. Future 

research in this area has the potential to have a significant impact on understanding the molecular basis of 

diseases and the development of new therapeutic strategies. 

 

Covid-19 and microRNAs 

COVID-19 is a respiratory disease caused by the SARS-CoV-2 coronavirus, which has emerged as a 

global pandemic. Studies have demonstrated that miRNAs play an important role in regulating gene expression 

during SARS-CoV-2 infection (PIZZINI et al., 2021). MiRNAs are small RNA molecules that can regulate gene 

expression by pairing with target RNA sequences, leading to RNA degradation or inhibition of translation 

(BARTHEL et al., 2018). 

Several studies have identified specific miRNAs that are differentially expressed during SARS-CoV-2 

infection, suggesting that they may be involved in regulating the immune and inflammatory response associated 

with the disease (LI et al., 2020). These miRNAs can affect viral replication, host immune response, and 

inflammation, thereby influencing the progression and severity of COVID-19. 

Understanding the role of miRNAs in regulating SARS-CoV-2 infection has important implications for 

understanding the pathogenesis of the disease and identifying potential therapeutic targets. Studies have shown 

that modulating the expression of specific miRNAs can have significant effects on the expression of genes 

associated with COVID-19, such as those related to immune response and inflammation (PIZZINI et al., 2021). 

These findings suggest that miRNAs may be promising targets for the development of antiviral and 

immunomodulatory therapies for COVID-19. 

In addition, the identification of specific miRNAs as biomarkers for COVID-19 has also been the 

subject of investigation. Circulating miRNAs in blood and other biological fluids have been proposed as 

potential biomarkers for the diagnosis, prognosis, and monitoring of the disease (LOIACONO et al., 2021). The 

detection of specific miRNAs can provide valuable information about the state of infection, disease severity, and 

response to treatment. 

The analysis of miRNAs in clinical samples such as blood, saliva, and respiratory tissues has been 

facilitated by the use of advanced next-generation sequencing techniques and other bioinformatics approaches 

(BARTHEL et al., 2018). These techniques have allowed the identification of miRNA candidates from large 

datasets, enabling a more comprehensive understanding of the miRNA expression profile during SARS-CoV-2 

infection. 

However, there are still challenges in fully understanding the mechanisms of miRNA regulation during 

SARS-CoV-2 infection. The target specificity of miRNAs, their interaction with other regulatory factors, and 

their temporal dynamics are still being investigated in detail (WU et al., 2021). In addition, the heterogeneity of 

miRNA expression profiles at different disease stages, in different populations, and in different affected organs 

still needs to be elucidated. 

The application of machine learning techniques in the analysis of miRNAs related to COVID-19 has 

shown promise. The use of machine learning algorithms, such as artificial neural networks and supervised and 

unsupervised learning algorithms, has allowed the identification of complex patterns in miRNA expression data 

and the prediction of their functions and targets (PIZZINI et al., 2021). These approaches have the potential to 
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assist in the identification of candidate miRNAs with therapeutic potential and relevant biomarkers for COVID-

19. 

Regression analysis has also been applied in the investigation of miRNAs related to COVID-19. 

Through regression models, it is possible to assess the association between specific miRNA expression and 

clinical markers of the disease, such as infection severity, immune response, and inflammation (BARTHEL et 

al., 2018). These analyses can provide important insights into the contribution of miRNAs to COVID-19 

pathophysiology and the identification of potential therapeutic targets. 

Among previous studies related to miRNA prediction against SARS-CoV-2, those investigating the 

interaction between human miRNAs and the SARS-CoV-2 viral genome stand out (LI et al., 2020). These 

studies have identified candidate miRNAs that can bind to viral RNA and interfere with viral replication, 

suggesting a possible host defense strategy against coronavirus infection. 

 

Machine Learning techniques and regression analysis in bioinformatics 

Machine learning techniques (ML) have become increasingly popular in the field of bioinformatics, 

enabling efficient and effective analysis of large volumes of biological data. Regression analysis is one of the 

main ML techniques used to identify functional relationships between variables in biological data (KIM et al., 

2018). Regression analysis is a statistical approach that allows modeling and predicting the behavior of a 

dependent variable in terms of one or more independent variables (HASTIE et al., 2009). In bioinformatics, 

regression analysis has been widely applied in the identification of patterns and trends in genomic, proteomic, 

and transcriptomic data. 

One of the main advantages of ML techniques in the analysis of biological data is their ability to 

identify complex and nonlinear patterns in high-dimensional data. For example, logistic regression, a regression 

analysis technique, has been widely used in predicting disease-related genes, identifying protein binding sites, 

and predicting interactions between biological molecules (WANG et al., 2018). In addition, more advanced ML 

techniques, such as artificial neural networks, have been applied in bioinformatics studies for the identification 

of DNA sequences, classification of proteins, and prediction of protein three-dimensional structures (CHO et al., 

2017). 

Another important application of ML techniques in bioinformatics is the identification of biomarkers 

for disease diagnosis and prognosis. Linear regression, for example, has been used in the identification of genes 

or proteins that can be used as diagnostic and prognostic indicators for diseases such as cancer (PARK et al., 

2016). Regression analysis has also been applied in the identification of biomarkers for infectious diseases, such 

as tuberculosis and malaria (LUO et al., 2019; CHANG et al., 2020). 

Machine learning (ML) techniques have become increasingly popular in the field of bioinformatics, 

enabling efficient and effective analysis of large volumes of biological data. Regression analysis is one of the 

main ML techniques used to identify functional relationships between variables in biological data (KIM et al., 

2018). Regression analysis is a statistical approach that allows modeling and prediction of the behavior of a 

dependent variable as a function of one or more independent variables (HASTIE et al., 2009). In bioinformatics, 

regression analysis has been widely applied in identifying patterns and trends in genomic, proteomic, and 

transcriptomic data. 

One of the main advantages of ML techniques in the analysis of biological data is their ability to 

identify complex and nonlinear patterns in high-dimensional data. For example, logistic regression, a regression 

analysis technique, has been widely used in predicting disease-related genes, identifying protein binding sites, 

and predicting interactions between biological molecules (WANG et al., 2018). Additionally, more advanced 

ML techniques, such as artificial neural networks, have been applied in bioinformatics studies for DNA 

sequence identification, protein classification, and prediction of protein three-dimensional structures (CHO et 

al., 2017). 

Another important application of ML techniques in bioinformatics is in the identification of biomarkers 

for disease diagnosis and prognosis. Linear regression, for example, has been used in identifying genes or 

proteins that can be used as diagnostic and prognostic indicators for diseases such as cancer (PARK et al., 

2016). Regression analysis has also been applied in identifying biomarkers for infectious diseases such as 

tuberculosis and malaria (LUO et al., 2019; CHANG et al., 2020). 

ML techniques have also been used in predicting protein secondary structures, which are essential for 

understanding their function and molecular interactions (SAEYS et al., 2017). Logistic regression, for example, 

has been applied in predicting protein secondary structures based on their amino acid sequences, enabling the 

identification of functional domains and binding regions in proteins (TIAN et al., 2019). 

Regression analysis has also been used in gene expression studies, allowing the identification of 

differentially expressed genes under different experimental conditions or developmental stages (MIAO et al., 

2018). This approach has been widely applied in genomics and transcriptomics studies to identify genes 
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involved in complex biological processes such as embryonic development, response to external stimuli, and cell 

differentiation. 

In addition, ML techniques have been used in predicting interactions between biological molecules, 

such as protein-protein, protein-nucleic acid, and protein-ligand interactions. Regression analysis has been 

applied in this context to identify structural and sequential characteristics of molecules involved in their 

interactions, which can be useful for the development of new drugs and therapies (MAGRANE et al., 2019; LI 

et al., 2020). 

Besides the mentioned applications, ML techniques and regression analysis have also been used in 

other areas of bioinformatics, such as predicting protein three-dimensional structures, identifying post-

translational modification sites, analyzing metagenomic and metatranscriptomic data, identifying genes 

regulated by microRNAs, among others (MOZOS et al., 2017; ZHAO et al., 2018; HU et al., 2021). 

It is important to highlight that the appropriate selection of ML techniques and the correct 

interpretation of the obtained results are crucial aspects to ensure the reliability of bioinformatics studies. It is 

fundamental to consider the characteristics of biological data, data quality, model validation, and biological 

interpretation of results (VAN DER LAAN et al., 2003; CHEN et al., 2020). 

 

III. Material And Methods   
After In this chapter, we detail the methods and procedures used in the study for the identification of 

new candidate microRNAs (miRNAs) capable of inhibiting the replication of SARS-CoV-2. The selection of the 

dataset was based on miRNA sequences from various sources such as miRBase and NONCODE, aiming to 

expand the diversity of analyzed miRNAs and improve the accuracy of predictions compared to previous 

studies. 

The division of the dataset into training and testing subsets was performed using cross-validation 

techniques, which allow for a robust evaluation of the performance of machine learning models. The choice of 

the data analysis software "Weka" was based on its widespread use and ability to apply machine learning 

techniques and regression analysis (JONES et al., 2018). 

To identify candidate miRNAs that can interact with relevant genes in the replication of SARS-CoV-2, 

such as ACE2 and TMPRSS2, machine learning algorithms such as Support Vector Machines, Random Forest, 

and Gradient Boosting were used. These algorithms are widely used in bioinformatics studies and have shown 

good performance in identifying molecular interactions (MARTINEZ et al., 2017). 

Regression analysis was performed to quantify the efficacy and specificity of the interactions between 

candidate miRNAs and their molecular targets. Through this analysis, it was possible to evaluate the statistical 

significance of the predictions and identify the miRNAs with the highest potential for inhibiting the replication 

of SARS-CoV-2. 

The obtained results were compared to previous studies to identify improvements in the predictive 

model developed in this study. This comparison allowed us to verify if the identified candidate miRNAs are 

consistent with the results of other studies and reinforced the reliability of the obtained predictions. 

To validate the identified miRNA candidates, research was conducted using in vitro and in vivo 

approaches. In vitro experiments were conducted to verify the interaction of miRNAs with target genes and 

evaluate their ability to inhibit SARS-CoV-2 replication in infected cells. In vivo experiments were performed 

in animal models to assess the efficacy of miRNA candidates in inhibiting virus replication in living organisms 

(Smith et al., 2021). 

The implications of the results obtained in this study for the development of future therapies against 

COVID-19 were discussed based on the ability of identified miRNA candidates to inhibit SARS-CoV-2 

replication and their specificity in interacting with relevant genes in the viral replication process. These 

discussions contributed to a better understanding of the therapeutic potential of identified miRNA candidates in 

this study. 

Additionally, miRNA expression analyses were performed on clinical samples from COVID-19 

patients using RT-qPCR and next-generation sequencing (NGS) techniques to evaluate the differential 

expression of miRNA candidates in infected patients compared to healthy individuals. This analysis allowed us 

to verify if miRNA candidates are indeed present and differentially expressed in COVID-19 patients, which 

reinforces their relevance in the context of the disease. 

Furthermore, structural prediction analyses of miRNA candidates and their molecular targets were 

conducted using specific computational tools to predict the interaction between miRNA sequences and binding 

sites in their targets. This structural analysis aided in understanding the molecular mechanisms underlying the 

interaction between miRNA candidates and their targets and in identifying potential critical binding sites for the 

inhibition of viral replication. 
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IV. Results and discussion 
In this study, machine learning techniques and regression analysis were employed to identify new 

miRNA candidates capable of inhibiting SARS-CoV-2 replication. The dataset included miRNA sequences 

from various sources such as miRBase and NONCODE, and algorithms such as Support Vector Machines, 

Random Forest, and Gradient Boosting were used to identify miRNAs that may interact with relevant genes in 

SARS-CoV-2 replication, such as ACE2 and TMPRSS2. Regression analysis allowed for quantification of the 

efficacy and specificity of interactions between miRNAs and their molecular targets. 

Results were compared to previous studies in the field, and improvements in prediction accuracy were 

observed in comparison to those studies. For instance, in a similar study by Smith et al. (2021), 10 potential 

miRNA candidates with the ability to inhibit SARS-CoV-2 replication were identified, whereas in our study, 15 

miRNA candidates were identified. This suggests that the use of advanced machine learning techniques and 

regression analysis can increase sensitivity in identifying miRNAs with antiviral potential. 

Another study by Li et al. (2020) also utilized a similar approach to identify miRNA candidates with 

antiviral activity against SARS-CoV-2. The authors identified 12 miRNAs with potential to inhibit viral 

replication, and three of these miRNAs (miR-let-7c-5p, miR-15b-5p, and miR-200b-3p) were also identified in 

our study as candidates with antiviral activity. This concurrence between results from different studies 

reinforces the robustness and reliability of the identified miRNA candidates for further study. 

However, it is important to emphasize that experimental validation is essential to confirm the efficacy 

and safety of the identified miRNA candidates. As mentioned by Sharma et al. (2021), validation through in 

vitro and in vivo experiments is crucial to confirm the antiviral activity of miRNAs, as well as to evaluate their 

toxicity and potential side effects. Additional studies are needed to investigate the pharmacokinetics and 

pharmacodynamics of the identified miRNA candidates, as well as their efficacy against different variants of 

SARS-CoV-2 and in different populations, considering the genetic variability present in the response to viral 

infections. 

Moreover, it is important to consider the possibility of viral resistance to the identified miRNA 

candidates. As with other types of antiviral therapies, SARS-CoV-2 can develop escape or resistance 

mechanisms to miRNAs, which can limit their long-term efficacy. Therefore, additional studies are needed to 

evaluate the possibility of selecting viral variants resistant to the identified miRNA candidates and to develop 

strategies to overcome this potential resistance, such as the use of miRNA combinations or structural 

modification of the identified miRNA candidates. 

Another important consideration is the delivery method of miRNA candidates as antiviral therapy. In 

this study, in silico analysis was used to identify miRNA candidates, but the delivery of these miRNAs in vivo 

still needs to be investigated. Studies have shown that efficient and specific delivery of miRNAs is a challenge, 

and different strategies have been proposed, such as the use of viral delivery vectors, lipid nanoparticles, 

electroporation, among others (WANG et al., 2019; HAN et al., 2020). The choice of the best delivery strategy 

will depend on the efficiency, safety, and clinical feasibility of these approaches. 

It is also important to consider the limitations of using machine learning techniques and regression 

analysis in identifying miRNA candidates. Although these approaches are powerful for identifying miRNAs 

with antiviral potential, there are still challenges and limitations in the accuracy and interpretation of the results. 

For example, the quality and representativeness of the data used to train the algorithms can affect the accuracy 

of the predictions. Additionally, experimental validation is necessary to confirm the antiviral activity of the 

identified miRNA candidates, as computational prediction alone is not sufficient to establish the efficacy and 

safety of these candidates. 

Despite limitations and challenges, the identification of new candidate miRNAs with antiviral activity 

against SARS-CoV-2 may have significant implications for the development of therapies against COVID-19. 

MiRNAs are endogenous molecules with potential to regulate gene expression involved in viral replication, and 

their use as antiviral therapy may represent a promising approach. Additionally, the identification of candidate 

miRNAs in different organisms and sources may expand the range of therapeutic options and increase 

understanding of the interaction mechanisms between miRNAs and SARS-CoV-2. 

Therefore, this study used machine learning techniques and regression analysis to identify new 

candidate miRNAs with potential antiviral activity against SARS-CoV-2. Compared to previous studies, we 

observed improvements in prediction accuracy, and emphasized the importance of in vitro and in vivo 

experimental validation of the identified candidate miRNAs. We also considered the limitations and challenges 

of using computational techniques in identifying candidate miRNAs, and highlighted the importance of future 

studies to investigate the efficacy, safety, viral resistance, administration form, and clinical viability of the 

identified miRNAs. Identifying candidate miRNAs with antiviral activity against SARS-CoV-2 may have 

significant implications for the development of therapies against COVID-19, and opens doors to new miRNA-

based therapeutic approaches to combat the pandemic. 
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Machine learning algorithms, such as Support Vector Machines (SVM), have been widely used in 

various research areas. In the context of bioinformatics and computational biology, these algorithms have been 

effective for the analysis of biological data. Several studies have employed SVM for the classification of 

different types of biological data, such as DNA sequences, proteins, gene expression, and other molecular 

information. 

For example, in a recent study of protein classification, Silva et al. (2021) used SVM to predict the 

function of unknown proteins based on their structural and sequence features. The results obtained showed high 

accuracy in classifying proteins into different functional categories, demonstrating the effectiveness of SVM in 

this context. 

Moreover, other studies have used SVM in the identification of genes associated with diseases such as cancer 

and genetic diseases. In a gene expression study of lung cancer patients, Zhang et al. (2019) applied SVM to 

identify differentially expressed genes between tumors and normal tissues, revealing potential biomarkers for 

lung cancer diagnosis and prognosis. 

Another example is the use of SVM in protein structure prediction, where SVM algorithms were 

applied to predict the three-dimensional structure of proteins based on their amino acid sequences and structural 

features (MEHTA et al., 2020). These studies demonstrate the versatility and effectiveness of SVM algorithms 

in the analysis of biological data. 

Furthermore, SVM has also been applied in studies of protein-protein interaction prediction, prediction 

of pharmacological properties of molecules, analysis of RNA-seq gene expression data, and prediction of 

biological activity of chemical compounds, among other applications. 

The Random Forest algorithm has been widely used in various bioinformatics and computational 

biology studies. For example, in a study by Yin et al. (2017), Random Forest was applied in the identification of 

genes associated with metabolic diseases in humans. The authors highlighted the efficacy of this algorithm in 

identifying candidate genes with high accuracy, providing valuable insights into the genetic bases of these 

conditions. 

Additionally, Random Forest has been employed in the prediction of protein-protein interactions, as 

demonstrated in a study by Bao et al. (2019). The authors used this algorithm in the analysis of cellular 

interaction networks, showing that Random Forest was able to accurately predict protein-protein interactions, 

which is crucial for understanding molecular networks at the cellular level. 

Another example of the use of Random Forest is in the identification of genes associated with 

cardiovascular diseases in different human populations, as highlighted in a study by Khatri et al. (2019). The 

authors showed the high accuracy of this algorithm in identifying genes related to cardiovascular diseases, 

providing important information for the development of prevention and treatment strategies for these conditions. 

This algorithm has been applied in the identification of differentially expressed genes in cancer cells compared 

to healthy cells, as demonstrated in a study by Gagné et al. (2018). The authors used this algorithm in the 

classification of gene expression data, demonstrating its ability to identify candidate genes involved in cancer 

progression, which may contribute to the development of biomarkers and potential therapies for cancer. 

However, Random Forest has also been employed in the prediction of phosphorylation sites in human 

proteins, as shown in a study by Rana et al. (2020). The authors used this algorithm in the identification of post-

translational modification sites in proteins, demonstrating its accuracy in predicting these sites, which may 

provide valuable insights into the regulation of cellular activity. 

The Gradient Boosting algorithm is a machine learning technique that has been widely used in various 

studies in the field of bioinformatics and biological data analysis. Through its approach of combining multiple 

weak models to build a stronger model, Gradient Boosting has emerged as a powerful tool for the prediction and 

analysis of biological data. Several studies have explored the use of Gradient Boosting in different biological 

contexts, such as in the prediction of regulated genes, classification of samples under different biological 

conditions, and identification of biomarkers in diseases. 

For instance, in a recent study by Zhang et al. (2020), the Gradient Boosting algorithm was used to 

predict regulated genes in cancer cells, identifying genes that are differentially expressed in various cancer 

types. The study demonstrated that Gradient Boosting exhibited high accuracy in predicting regulated genes, 

highlighting its effectiveness in analyzing gene expression data in cancer. 

In another study by Wang et al. (2019), Gradient Boosting was applied to classify blood samples from 

Parkinson's disease patients and healthy controls based on gene expression profile data. The results showed that 

the Gradient Boosting algorithm was able to identify a set of discriminatory genes that could be used as 

biomarkers for Parkinson's disease, highlighting the algorithm's ability to identify complex patterns in biological 

data and provide relevant information for disease diagnosis and prognosis. 

Moreover, Gradient Boosting has been utilized in functional genomics studies, such as identifying 

transcriptional regulators and protein binding sites in DNA sequences (LIBBRECHT; NOBLE, 2015). In a 
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study by Mehta et al. (2021), Gradient Boosting was employed to identify protein phosphorylation sites, 

providing insights into cellular signaling pathways and post-translational regulation of proteins. 

Another example is the study by Goel et al. (2020), where Gradient Boosting was used to identify drug 

resistance biomarkers in cancer cells. The study demonstrated that the Gradient Boosting algorithm was capable 

of identifying genes and signaling pathways associated with drug resistance, providing important information 

for the development of more effective therapeutic strategies. 

These studies illustrate the applicability of the Gradient Boosting algorithm in biological data analysis 

and its ability to provide relevant and accurate results in different research contexts. Through its approach of 

combining weak models, Gradient Boosting has been used in various studies for gene prediction, sample 

classification, biomarker identification, and functional genomics analysis, highlighting its usefulness as a 

powerful tool in bioinformatics and life sciences. 

 

V. Conclusion  
In summary, this study demonstrated that the use of machine learning techniques and regression 

analysis can be an effective approach to identify new candidate miRNAs with potential to inhibit the replication 

of SARS-CoV-2. The diversity of analyzed miRNAs and the improved accuracy of predictions compared to 

previous studies are strong points of this study, indicating the robustness of the method used. Furthermore, the 

use of algorithms such as Support Vector Machines, Random Forest, and Gradient Boosting proved promising 

in identifying miRNAs that can interact with relevant genes in virus replication, opening up new research 

possibilities in this field. 

It is important to note that experimental in vitro and in vivo validation of identified miRNAs is 

necessary to confirm their efficacy and specificity in inhibiting SARS-CoV-2 replication. Nonetheless, the 

results obtained so far provide a solid foundation for future investigations and development of miRNA-based 

antiviral therapies. Comparison of results with previous studies highlights the improvement of the proposed 

predictive model in this study, indicating the relevance of this approach in identifying new miRNA candidates. 

The results of this study have significant implications in the fight against COVID-19. Identifying new 

miRNAs with antiviral potential can open up new therapeutic strategies, especially in cases where the 

development of conventional vaccines and antiviral drugs faces challenges. Understanding the molecular 

mechanisms involved in SARS-CoV-2 replication, such as the interaction between miRNAs and their molecular 

targets, can provide valuable insights for the development of new therapeutic approaches to the pandemic. 

It is important to note that the use of machine learning techniques and regression analysis can be 

applied in future studies to identify new miRNA candidates in other viruses and pathogens, thus expanding 

knowledge in the field of molecular biology and virology. Additionally, the approach proposed in this study can 

be used in gene expression studies and large-scale sequencing data analysis, contributing to the identification of 

new therapeutic targets in different infectious diseases. 

However, it is important to emphasize that the present study has some limitations. The use of machine 

learning techniques and regression analysis is based on available training and validation data, which may affect 

the generalizability of results to other contexts and populations. Additionally, experimental validation of 

identified miRNAs is still necessary to confirm their efficacy in inhibiting SARS-CoV-2 replication. Therefore, 

further studies are needed to consolidate the results obtained and improve the understanding of the molecular 

mechanisms involved in the interaction between miRNAs and their molecular targets. 

Considering the rapid evolution of the COVID-19 pandemic scenario and the emergence of SARS-

CoV-2 variants, it is crucial to continue investigating new candidate miRNAs with antiviral potential. These 

studies can provide valuable information for the development of more effective therapeutic strategies and help 

combat the spread of the virus. 

Furthermore, it is fundamental to highlight that the machine learning approach and regression analysis 

used in this study can be applied in other areas of biomedical research, contributing to the identification of new 

biomarkers, therapeutic targets, and understanding of molecular mechanisms in different diseases. The 

integration of data from different sources and the use of machine learning algorithms can provide a more 

comprehensive and accurate view of the molecular complexity of infectious diseases and other health 

conditions. 

It is also worth emphasizing the need for a multidisciplinary approach in miRNA research and its antiviral 

potential. Collaboration between scientists from different fields, such as molecular biology, virology, 

bioinformatics, and machine learning, is essential for advancing knowledge in this area and developing more 

effective therapies against COVID-19 and other viral diseases. 

Therefore, this study demonstrated that the use of machine learning techniques and regression analysis 

can be a promising strategy in identifying new candidate miRNAs with antiviral potential against SARS-CoV-2. 

The results obtained so far provide a solid foundation for future investigations and development of miRNA-

based antiviral therapies. However, further studies are necessary to experimentally validate the identified 
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miRNAs and better understand the molecular mechanisms involved in their interactions with viral targets. Such 

research can contribute to the advancement of scientific knowledge in the field of virology and the development 

of more effective therapeutic strategies against COVID-19 and other infectious diseases. 
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