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Mendel paved the path 
toward understanding genetic diseases
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Abstract 

Background: July 20th, 2022, marks the 200th anniversary of the “Father of Genetics,” Gregor Mendel’s birth. His 
experiments with pea plants established the fundamental principles of genetic inheritance.

Main text: In this article, a succinct review of literature is hereby done to answer two key questions: (1) How Mendel’s 
principles of genetic inheritance helped us understand Mendelian disorders? and (2) How the study of Mendelian 
disorders can help us understand complex diseases?

Conclusion: This literature review concludes that continued effort to understand the genetic basis of Mendelian 
disorders will improve our understanding and treatment strategies for complex diseases.
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Background
The field of medical genetics has expanded to the point 
that we not only know the genetic underpinnings of 
many human diseases, but we are also able to cure some 
diseases, including sickle cell anemia, by editing the 
molecular lesions with gene therapies [1]. An appropri-
ate evaluation of scientific literature from the historical 
perspective can trace these advancements back to the 
discovery of Gregor Mendel in 1865 which established 
the fundamental principles of genetic inheritance [2]. July 
20th, 2022, marks the 200th anniversary of the “Father of 
Genetics,” Gregor Mendel’s birth. Commemorating Men-
del’s 200th Birth Anniversary, a review of literature was 
carried out to find the answer for two key questions: (1) 
How Mendel’s principles of genetic inheritance helped us 
understand Mendelian disorders? and (2) How the study 
of Mendelian disorders can help us understand complex 
diseases? Findings from the literature review is succinctly 
presented in this article.

Mendelian theory of inheritance: birth 
of “genetics”
Inquisitive minds have wondered why living things tend to 
look like their parents and why some families are affected 
by certain diseases. However, there was a lack of under-
standing of the causal mechanisms. The early popular views 
included the “blending” of parental traits in their offspring 
[3]. An alternative theory proposed by Mendel based on 
the results of his experiments on pea plants challenged the 
existing theories. Using data from large-scale experiments 
on pea plants followed by a pioneering systematic math-
ematical analysis, Mendel was able to find a pattern for the 
transmission of contrasting trait pairs through generations. 
His experiments lead to the conclusion that each trait is 
determined by pairs of “antagonistic elements”, one domi-
nates over the other in their manifestation, and rather than 
blending, they “segregate” among the progeny, and thus, are 
“particulate” in nature [4]. The Mendelian theory of inher-
itance also suggests that the assortment of one trait is inde-
pendent of that of another trait. These particulate units of 
inheritance are now known as “genes”, and the antagonistic 
elements resulting from the variations in DNA sequences 
of a gene are called “alleles”. Unfortunately, Mendel’s work 
was not widely accepted during his lifetime. However, 
the rediscovery of Mendel’s work through independent 
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experiments by Correns, de Vries, and Tschermak in 1900 
ultimately established the principles of genetic inheritance 
and hailed Mendel as the “Father of Genetics”.

Mendelism relevant for both Mendelian 
and complex genetic disorders in humans
In humans, disease traits following Mendelian inheritance 
patterns are called “Mendelian disorders” and are com-
monly caused by variants in a single gene (“monogenic”). 
In contrast, diseases caused by the combined action of 
variants in many genes and their interactions with the envi-
ronment, tend to show an apparent departure from Men-
delian expectations and are considered as “complex” [5–8]. 
Mendel’s laws of inheritance, however, are applicable to 
complex traits since the inheritance of each of the genes 
involved in these diseases follows Mendel’s laws [9]. Thus, 
Mendel’s theories remain instrumental in revealing casual 
mechanisms for both monogenic and complex diseases.

Mendel’s principles of genetic inheritance helped 
us identify genes for Mendelian disorders
Early understanding of the genetic underpinnings of 
human diseases came from studying their inheritance 
patterns in families (pedigree analysis). These analyses 
together with knowledge of the location of the genes on 
chromosomes helped in finding the dominant and reces-
sive nature of alleles of disease genes and differences in 
their inheritance patterns. Further advancements in our 
understanding of the molecular basis of genetic variants, as 
well as the technological capabilities to create genetic maps 
for chromosomes, eventually led to the localization and 
identification of disease genes. Computational methods, 
including linkage analysis, use naturally occurring DNA 
variations as markers to trace inheritance patterns in fami-
lies to identify the location of disease genes on the chro-
mosomes [10]. Furthermore, positional molecular cloning 
approaches have been successful in identifying genes 
responsible for Mendelian diseases [10]. Most Mendelian 
diseases are caused primarily by a single high-penetrance 
mutation in a family. These mutations affect the coding 
or other functional regions of a gene and have a low fre-
quency within a population. Indicating major success, the 
Online Mendelian Inheritance of Man (OMIM), a catalog 
of human genetic diseases, now includes over 6000 Mende-
lian phenotypes with a known molecular basis [11].

The study of Mendelian disorders can help us 
understand complex diseases
Linkage analysis approaches remain largely unsuccessful 
for finding genetic underpinnings for common diseases 
that do not conform to Mendelian inheritance patterns 
and suggests a different genetic architecture for these 
complex diseases [7]. Genome-wide association studies 

(GWAS) suggest that complex diseases are associated 
with many high-frequency variants with low-effect sizes 
on disease susceptibility, which together explain a small 
fraction of disease heritability. These common variants 
are mostly located in the non-coding regulatory regions 
of the genome [5]. Despite differences in genetic archi-
tecture, current evidence suggests that complex and 
Mendelian traits might not be as biologically distinct 
as previously thought. For example, common and rare 
monogenic obesity are shown to have shared genetic 
and biological underpinnings, pointing to an important 
role of the brain in controlling body weight [12]. Several 
recent analyses of GWAS found significant enrichment of 
Mendelian disorder genes in GWAS gene sets for pheno-
typically matched complex traits. Genes affected by Men-
delian disease-causing mutations are also dysregulated by 
noncoding variants in complex traits [13–15]. These find-
ings support a shared genetic basis between complex and 
Mendelian forms of the disease.

Conclusion
The fundamental principles of genetic inheritance dis-
covered by Gregor Mendel paved the path toward under-
standing human genetic diseases. In the bigger picture, 
Mendelian diseases arising from single genes and com-
plex diseases caused by many genetic variants are two 
extremes in the continuum of the genetic architecture 
of human diseases [6, 16]. Thus, continued effort to 
understand the genetic basis of Mendelian disorders will 
improve our understanding and treatment strategies for 
complex diseases.
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