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Introduction
Mendelian genetics, rooted in the pioneering work of Gregor Mendel in the 

19th century, provided the foundation for understanding how traits are inherited 
from one generation to the next. Mendel’s laws of inheritance—dominance, 
segregation, and independent assortment—explained how simple genetic 
traits, governed by single genes, are passed down through generations in 
predictable patterns. These principles laid the groundwork for much of modern 
genetics, offering insights into the inheritance of diseases, physical traits, and 
even behavior. However, human inheritance is far more complex than the 
simple dominant and recessive patterns that Mendel originally described. In 
humans, many traits are not governed by a single gene but by the interplay 
of multiple genes and environmental factors, a concept known as complex 
inheritance. Conditions like heart disease, diabetes, and mental health 
disorders are influenced by many genetic variants, each contributing a small 
effect, and environmental factors such as lifestyle, diet, and exposure to toxins. 
These conditions do not follow the straightforward inheritance patterns Mendel 
described but instead exhibit polygenic inheritance, where the combined 
effect of several genes contributes to the phenotype, often in unpredictable 
ways. Additionally, epigenetic factors—changes in gene expression that are 
not caused by alterations in the DNA sequence itself—further complicate our 
understanding of inheritance. These factors can be influenced by environmental 
exposures and can, in some cases, be passed on to future generations, adding 
another layer of complexity to human genetics [1].

Description
Mendelian genetics, grounded in the work of Gregor Mendel in the 19th 

century, was foundational in establishing the basic principles of inheritance. 
Mendel’s observations of pea plants led to the formulation of the laws of 
inheritance—dominance, segregation, and independent assortment—which 
outlined how traits are passed down from parents to offspring through 
predictable patterns. His discoveries focused on single-gene traits, where one 
gene, typically with two alleles, determines whether a particular trait will be 
expressed. This understanding revolutionized biology and laid the groundwork 
for much of modern genetics, helping scientists to understand how simple 
traits, such as eye color or the ability to roll one’s tongue, are inherited. 
Mendel’s laws also provided early insights into genetic diseases caused by 
dominant or recessive alleles [2].

However, human genetics is far more complex than Mendel’s simple 
inheritance patterns suggest. While Mendelian inheritance explains some 
single-gene disorders, such as cystic fibrosis, sickle cell anemia and 
Huntington’s disease, it does not account for the vast majority of traits and 
health conditions in humans. Many characteristics are influenced by multiple 
genes interacting with one another and with environmental factors, resulting in 

what we now refer to as complex inheritance. These traits and diseases do not 
follow the straightforward dominant or recessive patterns Mendel described 
but instead result from the combined effects of many genes. Examples include 
conditions like heart disease, type 2 diabetes, schizophrenia, and bipolar 
disorder, which arise due to the interaction of several genetic variants, each 
contributing a small effect. Moreover, environmental factors such as diet, 
physical activity, toxins, and stress also play a critical role in the expression 
of these traits. For example, while genetic predisposition may increase an 
individual's risk for obesity or hypertension, lifestyle choices often determine 
whether or not these conditions manifest. 

One of the key challenges in understanding complex inheritance is the 
concept of polygenic inheritance, where a large number of genes contribute 
to the expression of a particular trait. For instance, height, intelligence, and 
even susceptibility to certain diseases are influenced by the combined action 
of hundreds or even thousands of genes. These genes interact in ways that 
are not fully understood, making it difficult to predict the outcome of complex 
traits. The small contributions of each gene can add up in different ways across 
individuals, resulting in a wide range of phenotypes. Unlike Mendel’s work, 
which focused on clear-cut, easily observable traits, polygenic traits involve 
intricate networks of gene interactions that shape more complex biological 
processes [3].

Furthermore, the role of epigenetics adds another layer of complexity to 
human inheritance. Epigenetic changes involve modifications to the genome 
that do not alter the DNA sequence itself but affect how genes are expressed. 
These changes can be influenced by environmental factors such as diet, stress, 
toxins, and even social and cultural factors, and they can be passed down from 
one generation to the next, a phenomenon known as epigenetic inheritance. 
Epigenetic modifications, such as DNA methylation and histone modification, 
can regulate gene expression by turning genes on or off without changing the 
underlying genetic code. These alterations can have profound effects on an 
individual’s development, behavior, and susceptibility to diseases, complicating 
the traditional view of inheritance that is solely based on DNA sequence [4].

In recent years, genomic technologies like Next-Generation Sequencing 
(NGS) and genome-wide association studies (GWAS) have provided deeper 
insights into the genetic basis of complex diseases. GWAS, for example, allows 
researchers to scan the genomes of large populations to identify common 
genetic variants associated with complex traits and diseases. These studies 
have led to the identification of thousands of genetic variants linked to a wide 
range of diseases, such as Alzheimer’s, asthma, and various types of cancer. 
While these findings have significantly advanced our understanding of the 
genetic underpinnings of complex diseases, they also highlight the complexity 
of genetic interactions and the limitations of current technologies. Many of the 
identified genetic variants have only modest effects on disease risk, and the 
interactions between these variants are often difficult to interpret.

Despite these challenges, the growing knowledge of complex inheritance 
is paving the way for personalized medicine, where treatments and preventive 
strategies are tailored to an individual’s unique genetic profile. By understanding 
the specific genetic and environmental factors that contribute to disease risk, 
medical professionals can offer more effective interventions, including targeted 
therapies, early screenings, and lifestyle recommendations. This approach 
holds the promise of more precise and efficient healthcare, potentially reducing 
the incidence of chronic diseases and improving overall health outcomes. 
However, it also raises ethical questions regarding genetic privacy, genetic 
discrimination, and the potential for eugenics-like practices, where genetic 
information might be used inappropriately to influence reproductive decisions 
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or social policies [5].

Conclusion
In conclusion, while Mendelian genetics provided a clear and valuable 

framework for understanding inheritance, it represents just one aspect of the 
complex picture of human genetics. The inheritance of most human traits and 
diseases is governed by a combination of multiple genes and environmental 
influences, making the study of complex inheritance a critical area of research. 
Understanding the interplay of polygenic traits, epigenetics, and environmental 
factors is essential for unlocking the mysteries of human development, health, 
and disease. As genetic research continues to advance, it holds great promise 
for improving personalized healthcare, but it also brings forth important ethical 
considerations that must be carefully addressed to ensure that these advances 
benefit society in an equitable and responsible manner.

Acknowledgement
None.

Conflict of Interest
There are no conflicts of interest by author.

How to cite this article:  Tamino, Thomas. “Mendelian Genetics and Beyond: 
Understanding Complex Inheritance in Humans.” Human Genet Embryol 15 
(2024): 266.

References 
1. Lee, Jun-Yeong, Ian Davis, Elliot HH Youth and Jonghwan Kim, et al. "Misexpression 

of genes lacking CpG islands drives degenerative changes during aging." Sci Adv 
7 (2021): eabj9111. 

2. Kravitz, Stephanie N., Elliott Ferris, Michael I. Love and Alun Thomas, et al. 
"Random allelic expression in the adult human body." Cell Rep 42 (2023).

3. Deaton, Aimée M., and Adrian Bird. "CpG islands and the regulation of transcription." 
Genes & Dev 25 (2011): 1010-1022.

4. Schacherer, Joseph. "Beyond the simplicity of Mendelian inheritance." CR - Biol 
339 (2016): 284-288.

5. Bis-Brewer, Dana M., Sarah Fazal and Stephan Züchner. "Genetic modifiers and 
non-Mendelian aspects of CMT." Brain Res 1726 (2020): 146459.

https://www.science.org/doi/abs/10.1126/sciadv.abj9111
https://www.science.org/doi/abs/10.1126/sciadv.abj9111
https://www.cell.com/cell-reports/fulltext/S2211-1247(22)01846-0
https://genesdev.cshlp.org/content/25/10/1010.short
https://www.sciencedirect.com/science/article/pii/S1631069116300294
https://www.sciencedirect.com/science/article/pii/S000689931930513X
https://www.sciencedirect.com/science/article/pii/S000689931930513X

