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Abstract: The nature of genotype-environment interactions and their role in the formation of 

predisposition to pathogenetically independent nosological forms of multifactorial pathology was 

studied by assessing the joint influence of the studied molecular genetic markers and 

environmental factors of a toxic nature on the risk of occurrence of the diseases in question. The 

role of biotransformation enzyme gene polymorphism was studied xenobiotics in the formation 

of predisposition to the joint development of multifactorial pathology and model intergenic 

interactions that determine various compatibility.  
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Hereditary metabolic diseases are a large group of monogenically inherited human diseases. The 

practical significance of their research is determined by purely medical aspects, i.e. the need to 

develop methods for diagnosis, treatment, and prevention of these diseases, which represent a 

serious problem for modern healthcare. On the other hand, hereditary metabolic diseases - 

typical "biochemical" mutations of the human genome - are a powerful tool for studying normal 

human metabolism, which is characterized by great complexity and a large number of "blank 

spots" on its map.  

Being one of the most rapidly developing branches of modern medical biochemical genetics, 

research into hereditary metabolic diseases is particularly focused on solving important medical 

problems (reducing childhood morbidity and mortality) and the development of genetics, in 

particular human genetics (study of the structural organization of the genome, the molecular 

mechanism of mutations, biochemical polymorphism of populations, mapping genes on 

chromosomes, etc.). 

As is known, the progress of medicine and healthcare depends on many components, including 

the success of fundamental sciences, among which genetics occupies a prominent and sometimes 

leading place.  

The contribution of genetics to clinical medicine especially increased in the last quarter of the 

20th century. Human genetics in the 21st century is not only the molecular and clinical levels, 

but also the population level, which remains no less significant . 

In the 20th century, many new factors and conditions appeared that changed human heredity, 

which he, as a biological species, did not encounter during his long evolution. This is population 

migration and the expansion of marriage boundaries, family planning in healthy individuals and 

reproductive compensation in families burdened with hereditary pathology. 

As is known, the genetic diversity of a population is largely determined by demographic 

processes, which are not constant and change over time. Significant changes in the demographic 

structure of populations can be observed in the event of sudden socio-economic transformations 
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of society. This applies to such indicators as the level of birth and death rates of the population, 

the intensity and direction of migration, marriage structure, etc. 

The dynamics of the gene pool are dictated not by heredity, but by the social process, which is 

primary. The structure of the gene pool changes in response to changes in society. When 

assessing the state of the gene pools of human populations in the past and present, to predict their 

development for the future, it is necessary to analyze the main factors of evolution - the factors 

of gene pool dynamics.  

It is generally accepted that such parameters of population structure as population size, degree of 

geographic and ethnic isolation, its subdivision , genetic drift, selection pressure, gene migration 

and others have a direct impact on the prevalence, accumulation and spectrum of monogenic 

hereditary diseases. 

The need to further improve the provision of medical genetic care to the population is obvious.  

WHO expert assessments have clearly shown that a relatively inexpensive medical genetic 

service is economically beneficial compared to the social and financial burden from diseases that 

this service helps to avoid. Family planning, subject to medical and genetic counseling, is 

becoming more advanced. The contribution of human genetics to the effectiveness of medical 

genetic counseling is realized through more accurate diagnosis of diseases or heterozygous 

conditions, as well as a wider choice of solutions for the family - limitation of childbearing, 

prenatal , preimplantation diagnostics, pre- and postnatal. Data on the prevalence of 

heterozygous carriage in various populations and ethnic groups are becoming important for the 

prevention of NB.  

The program for the prevention of congenital and hereditary diseases should be based on data on 

the burden of hereditary pathology. Already today, certain achievements can be noted: 1) 

accurate, effective and universal methods for diagnosing hereditary diseases at any stage of 

ontogenesis have been developed; 2) the experimental and clinical foundations of gene therapy 

for hereditary and non-hereditary diseases have been laid; 3) the molecular basis of preventive 

medicine, etc., is being actively developed. 

Knowledge of the epidemiology of hereditary diseases in specific populations is necessary not 

only to identify the etiological factors and mechanisms that influence the incidence of these 

diseases in the population, but also the characteristics of the pathogenesis and possible methods 

of treatment, to develop more effective methods of combating them.  

The study of the patterns of spread of hereditary diseases in various ethnic, racial and territorial 

groups of the population is of current importance and is ultimately aimed at the preservation and 

development of the gene pool of human populations. Therefore, studying the burden of 

hereditary pathology with the study of its quantitative and qualitative characteristics is important 

for all regions. Another criterion for changing the genetic load is a change in the spectrum of 

hereditary pathology.  

A comparative analysis of the diversity of nosological forms relative to previous studies showed 

that the spectrum of hereditary pathology in the populations of the region has become narrower, 

mainly due to autosomal recessive forms. The genetic diversity of populations within population 

groups of the same scale can be dramatically different, since it is not determined by the scale 

itself, but by historical, demographic, social, and economic conditions of development. 

Establishing connections between changes in the natural and social environment of a person with 

ongoing changes in the gene pool of the population requires determining the nature of the 

dynamics of the gene pool over time. 

Multifactorial diseases (MFDs) represent the largest and most diverse group of diseases, 

accounting for more than 90% of all human somatopathology and characterized by the highest 

growth rates of morbidity, mortality and disability among the working population in modern 

populations. WHO researchers have shown that the implementation of treatment and preventive 
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measures is no longer able to change the emerging situation, and traditional approaches to the 

treatment of common multifactorial diseases lead to colossal economic costs and very modest 

results.  

The problem of low effectiveness of treatment and preventive measures is associated with the 

lack of their etiological focus due to insufficient understanding of the key mechanisms of 

formation of the vast majority of multifactorial diseases. 

Over the past decade, the global scientific community has made enormous efforts to study the 

etiology and pathogenesis of multifactorial pathology of various organs and systems of the body.  

Numerous foreign and domestic studies have shown that complex interactions of genetic and 

environmental factors underlie the occurrence of MD. With the development of molecular 

genetic technologies, broad prospects have opened up for formalizing the genetic component of 

susceptibility to multifactorial diseases. Currently, a significant amount of data has been 

accumulated on the involvement of various polymorphic genes in the formation of predisposition 

to multifactorial pathology.  

However, despite the achievements of the global scientific community in the field of studying 

the human genome and in the development of high-resolution methods for DNA analysis, a 

relatively small number of genes are still known, which together only partially explain individual 

links in the pathogenesis of some multifactorial diseases. 

Often, in genetic studies of multifactorial diseases, environmental effects, which are of 

paramount importance specifically for this class of diseases, are leveled out or ignored. Proof of 

the importance of the environmental component is the rapid increase in recent years in the 

frequency of many multifactorial diseases in populations, which cannot be explained by changes 

in the genetic component in such a short period of time from an evolutionary point of view.  

The accumulated numerous data on environmental risk factors for multifactorial diseases are 

often contradictory, do not fully explain the mechanisms of their pathological influence on the 

body and do not allow us to formulate a unified concept of the etiology of common diseases in 

humans. Currently, there is an increasing interest among researchers in studying the effects of 

chemical pollution of the environment, the level of which has been continuously increasing in 

economically developed countries since the middle of the last century, on the formation of 

common diseases. Today, more than 5 million chemical substances are already known 

(atmospheric pollutants, pesticides, pharmaceuticals, cosmetics, food additives, bad habits, etc.), 

to which humans are constantly exposed, and for many of which an etiological connection with 

MD is shown.  

For environmental genetics, it is becoming increasingly important to identify in different 

populations specific genes and environmental factors, the interaction of which forms the norm of 

a person’s resistance reaction and his adaptation to a changing environment. In this regard, the 

most suitable genetic markers for ecogenetic studies of MD are polymorphic variants of 

biotransformation enzyme genes xenobiotics (XBK), the expression of which, unlike other 

classes of genes, is directly regulated by the influence of environmental factors of a chemical 

nature. However, despite the ever-increasing environmental pollution, the high level of 

chemicalization of industry, agriculture and everyday life, the study of ecogenetic mechanisms 

of the formation of multifactorial diseases is still away from the main vector of scientific 

research. An analysis of numerous studies on the associations of various classes of genes with 

cancer susceptibility showed that more than 70% of consistently reproducible positive gene 

mapping results were obtained through the study of polymorphism of the FBK genes, thereby 

demonstrating the significant contribution of the ecogenetic component to the susceptibility to 

malignant neoplasms. At the same time, studies of polymorphism of FBK genes in common non-

oncological diseases are few. Comprehensive assessment of the involvement of polymorphic 

variants of biotransformation enzyme genes xenobiotics in the formation of multifactorial 

pathology of non-oncological nature has not yet been carried out. 
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