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Methodology
Simulation modelling of SNPs in DNA sequences. The object (nucleotide sites of sequenced DNA mole-

cules) can be investigated using a natural experiment or simulation modelling [12]. The scheme of study of the 
object according to experimental data is shown in fig. 1. 

In a natural sequencing experiment (see fig. 1, block 2), data from the object of study (block 1) are recorded. 
Data processing is carried out in block 6, analysing the integral characteristics of the data, and in block 4, iden-
tifying the SNPs. The choice of data processing methods is determined by the specifics of a certain problem 
being solved and includes methods and models for finding the required solution. In a simulated or computa-
tional experiment (blocks 5 and 6) the same object model is considered as in the real experiment (block 2). 
The mathematical model of the object under study M can be either parametric (the operator of mathematical 
transformations F is known up to some parameters A), or non-parametric (a family of operators F is considered, 
among which the suitable ones are selected for solving a given problem), and includes a physical model, rep-
resenting both the object and the experimental sequencing facility (block 2). To describe the behaviour of the 
object in various experiments, it is required to include the output experimental characteristics of the equipment 
and the recorded data (block 3) in the object of simulation. The concept of an object of simulation includes 
modelling the behaviour of the object under specific experimental conditions (for example, with known distri-
butions and parameters describing the data). Modelling nucleotide sites based on the estimated characteristics 
of the experimental data is carried out in block 6. In block 4, data processing is performed, namely, the search 
for SNP sites using a proper algorithm. The choice of data processing methods is determined by the complexity 
of real data (a low coverage, gaps, duplicates, a high level of experimental noise, etc.). To confirm the vali
dity of simulation models, a comparison of the data characteristics of computational and natural experiments 
is required. For generative modelling tasks, applied to improve the prediction accuracy of machine learning 
models, the presence of experimental data might not be necessary.

Algorithm for simulation of SNP sites. The subsection describes the algorithm for simulating SNP sites, 
assuming that the main data characteristics, such as the numbers of nucleotide coverages, are of the beta or 
normal distributions [13], whose parameters are determined from the available experimental data. 

Suppose a site  j contains the reference nucleotide base r (nucleotides A, C, G or T, indicating the alignments 
of the sequenced reads on the reference genome [1]); D b b b b�� �1 2 3 4, , ,  is a set of n reads (coverage) of nu-
cleotide bases A, C, G or T, recorded from sequencing the site j; the number of coverage n (also the numbers 
of nucleotide bases b b b b1 2 3 4, , , , characterising a given nucleotide coverage in the site  j) obey the beta (1) or 
normal (2) distributions:
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where β and α (β, α > 0) are some parameters that determine the shape of the distribution curve; Γ is the gam-
ma function;
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where µ and σ are parameters of the mathematical mean and standard deviation.
The idea of modelling is to randomly generate NSNP positions of SNP sites in the sequence of the consi

dered molecule S, consisting of N nucleotide sites, for each of which the numbers n, b b b b1 2 3 4, , ,  are reproduced 
according to the beta or normal distributions in the defined range  n nmin max; .� �  For a non-reference site  j, the 
number of coverage n is modelled, then the numbers of coverages for the reference bRef and non-reference bnon Ref 
nucleotides are generated from the resulting n. Nucleotide coverages for the SNP site are modelled similarly. 

Fig. 1. Scheme of the study of sequenced DNA molecules  
in natural and simulation experiments


