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Abstract: Circadian rhythm is a natural process in all living organisms that regulates the sleep–wake 
cycle and repeats roughly every 24 hours. On molecular level, that process is controlled by so-called 
clock genes. Disruption of circadian rhythms or expression of clock genes is emerging as a novel and 
potentially modifiable cancer risk factor. Single nucleotide polymorphism (SNP) stands for single base 
change in a DNA sequence, with an usual alternative of two possible nucleotides at a given position. In 
this study, the data from case-control studies containing available genotype frequencies of the SNPs in 
two clock genes (CLOCK and NPAS2) were collected. Based on that data, the association between 
genetic variations in clock genes and the risk of developing cancer was investigated. Furthermore, 
Artificial Intelligence (AI) algorithm was developed to predict the type of cancer (breast or mixed).  
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1. Introduction 
 
Circadian rhythms are daily oscillations in metabolic, psychological and physiological processes in all 
living organisms. Those rhythms are endogenously driven during the evolution due to day-night 
changes in nature with a period length of about 24-h. Deregulation of these rhythms is associated with 
a number of pathological conditions including depression, diabetes, metabolic syndrome and cancer. 
Those conditions could appear due to deregulations in so-called clock genes which control circadian 
rhythm on the molecular level by transcriptional/translational feedback loops 1-2. Single nucleotide 
polymorphism (SNP) stands for single base change in a DNA sequence, with an usual alternative of 
two possible nucleotides at a given position. SNPs could appear in coding regions of genes, regions 
between genes or non-coding regions of genes 3. Current studies which are focused on observing the 
impact of SNPs in clock genes on the risk of developing cancer are using standard statistical tools to 
predict the outcome.  
 
The aim of this study was developing Artificial Intelligence (AI) algorithm which can be used to find a 
correlation between SNPs in two main clock genes (NPAS2 and CLOCK) and cancer. Algorithms like 
Support Vector Machine (SVM) and K-Nearest Neighbours (KNN) are commonly used in various fields 
of medicine and computing biology because of their high precision, ability to deal with large databases 
and versatility in modelling diverse data sources 4-6. 
 
2. Methodology 
 
Detailed analysis of the literature available online from 2008. till 2021. was conducted. Eligible studies 
were considered those who had, within their data, detailed information about genotype of the 
respondents with enquired SNP. Data for AI was retrieved from 7 Supplementary Table S3, using data 
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only for CLOCK and NPAS2 genes. Since the data from that study only contains studies conducted 
until 2015., the table was complemented with updated information from additional studies up to 2021. 
After collecting all the data, they were put together and the frequency of the alleles belonging to 
corresponding SNP was calculated as shown in Figure 1. To assess susceptibility of developing cancer, 
if having any of the studied SNPs, the statistical analysis using Website for Statistical Computation: 
VassarStats (http://vassarstats.net/) was conducted. Calculated parameters were Odds ratios (OR), 95% 
confidence interval (CI) and Pearsons chi-square p (2) value. Criteria used for statistical significance 
of p-value was α=0.05. In addition, the protective role or increased predisposition of genotypes under 
dominant, codominant, recessive and overdominant model was calculated in order to assess if any of 
those in particular had impact on cancer development. Models which have had 95% CI upper limit 
under 1 were found to be associated with decreased predisposition, while those who have had p- value 
equal or lower than 0.05 were found to be associated with either decreased or increased predisposition 
of developing cancer. 
 

 
Figure 1. Example of genotype data collection for CLOCK and NPAS2 polymorphisms, rs represents 

SNP while the name underneath stands for applied study.  

In this research, two AI algorithms were used: SVM and KNN. The KNN algorithm is a non-parametric 
algorithm that classifies new input data into one of the classification classes 8. The algorithm is simple 
and easy to implement, which is one of its advantages. The SVM, in terms of classification, uses the 
highest possible margin to find a hyperplane of separation between different classification classes 9 
SVM for linearly separable binary sets works by creating a hyperplane that divides all training vectors 
into two classes (class1 = breast cancer and class2 = mixed cancer). 

 
3. Results and Discussion 
   
Even though the potential relationship between polymorphisms in clock genes and cancer risk has only 
recently emerged as an interesting field of research, here, it is affirmed that the connection does exist 
and that it can be substantially significant. Out of all the investigated variants it was found that several 
SNPs under given genotype model were associated with lower susceptibility to developing cancer. In 
Table 1. are shown inheritance models of SNP rs11133373 for the CLOCK gene and rs2305160 for 
NPAS2 genes. Genetic variations in those genes are already known to have an impact on cancer, and 
those SNPs in particular 10-11. For rs11133373 was found that CA genotype under overdominant 
model was associated with decreased predisposition to cancer (CC+AA vs. CA: OR=0.88; 95%CI 0.78-
0.99, p=0.03) and that presence of the A allele also has protective role under dominant model (CC vs. 
CA+AA: OR=0.84; 95%CI 0.75-0.95, p=0.005). Protective role of the A allele was also confirmed by 
comparing inheritance models per-allele (C vs. A: OR=0.89; 95%CI 0.81-0.97, p=0.01). As for 
rs2305160, it is associated with decreased risk under dominant (GG vs. GA+AA: OR=0.78, 95%CI 
0.72-0.84, p<.0001), codominant (GG vs. AA: OR=0.49, 95%CI 0.44-0.55, p<.0001) and recessive 
(GA+GG vs. AA: OR=0.51, 95%CI 0.45-0.56, p<.0001) model.  
 



Student Scientific Conference RiSTEM 2021, Rijeka, 10. 06. 2021 

  93 

Table 1.  Example of calculated models for each genotype with corresponding statistical data of two 
selected SNPs. 

SNP N Case/Control Comparisons OR 95%CI p 

value 

rs11133373 2 2179/2125 C vs. A 0.89 0.81-

0.97 

0.01 

  

codominant CC vs. AA 0.82 0.68-

1.01 

0.07 

  

dominant CC vs. CA + 

AA 

0.84 0.75-

0.95 

0.005 

  

recessive CC + CA vs. 

AA 

0.90 0.74-

1.09 

0.29 

  

overdominant CC+AA vs 

CA 

0.88 0.78-

0.99 

0.03 

  

codominant CA vs. AA 0.98 0.80-

1.19 

0.82 

rs2305160 10 4622/4595 G vs.A 1.08 1.02-

1.14 

0.01 

  

codominant GG vs.AA 0.49 0.44-

0.55 

<.0001 

  

dominant GG vs GA + 

AA 

0.78 0.72-

0.84 

<.0001 

  

recessive GG +GA vs. 

AA 

0.51 0.45-

0.56 

<.0001 

  

overdominant GG+AA  

vs.GA 

1.14 1.05-

1.23 

0.001 

  codominant GG  vs.GA 0.94 0.86-

1.02 

0.14 

 
To expand our search, as said before, dataset from 7 was used. 80% of data points were used as a 
training set, while 20% of them were used as a testing set. Afterwards, binary classification was 
performed. Optimal results for SVM were given by the Linear kernel function and C = 1 and as for 
KNN, optimal results were achieved with value of variable k = 3. Here, the Accuracy and Precision 
values of different AI algorithms are compared which is shown in Figure 2. It can be noticed that the 
Accuracy of 94.44% is the same for both algorithms. On the contrary, the Precision value is higher 
when the KNN algorithm is used with the value of 99.99%.  

 
Figure 2. Accuracy and Precision values for KNN and SVM algorithm  
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4. Conclusion 
 
The present work proved that the association between clock genes polymorphisms and risk of cancer 
does exist. Also, it showed that the relationship could be useful for future investigations of cancer 
predisposition and its prediction. Merging the fields of biotechnology and engineering has also given 
some valuable insight in the field of cancer risk assessment. Nevertheless, this study has its limitations. 
Because the parameters strictly related to the onset of the disease cannot be accurately determined, and 
the initial distribution of parameters is relatively unknown, the implementation of KNN and SVM has 
proven to be successful with satisfactory values of performance measures.  
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