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Abstract 

Gregor Mendel's principles laid the foundation for classical genetics, emphasizing predictable 

inheritance patterns. However, subsequent research has unveiled various inheritance mechanisms that 

deviate from Mendelian laws. This paper explores the diverse non-Mendelian inheritance patterns, their 

underlying mechanisms, and their implications in genetics. 

 

1. Introduction 

Mendelian inheritance describes how traits are transmitted from parents to offspring through discrete 

genes. Yet, numerous traits exhibit inheritance patterns that do not conform to Mendel's laws. 

Understanding these non-Mendelian patterns is crucial for comprehending the complexity of genetic 

traits and their expression. 

 

2. Incomplete Dominance 

In incomplete dominance, the heterozygote exhibits a phenotype intermediate between the two 

homozygotes. For instance, crossing red-flowered and white-flowered snapdragons results in pink-

flowered offspring, indicating neither allele is completely dominant . 

 

3. Codominance 

Codominance occurs when both alleles in a heterozygote are fully expressed. A classic example is the 

human ABO blood group system, where individuals with genotype 

I<sup>A</sup>I<sup>B</sup> express both A and B antigens, resulting in blood type AB . 

 

4. Multiple Alleles 

While Mendel's experiments considered genes with two alleles, many genes have more than two allelic 

forms within a population. The ABO blood group system exemplifies this, with three alleles: 

I<sup>A</sup>, I<sup>B</sup>, and i, combining to produce four possible blood types . 

 

5. Epistasis 

Epistasis involves interactions between genes, where one gene's expression masks or modifies the effect 

of another gene at a different locus. For example, in Labrador retrievers, coat color is determined by two 

genes: one dictates pigment color, and another controls pigment deposition. If the deposition gene is 

homozygous recessive, the coat appears yellow, regardless of the pigment gene's alleles . 
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6. Polygenic Inheritance 

Polygenic inheritance refers to traits influenced by multiple genes, each contributing a small additive 

effect. Such traits often exhibit continuous variation, as seen in human characteristics like height and 

skin color . 

 

7. Sex-Linked Inheritance 

Traits associated with genes located on sex chromosomes exhibit sex-linked inheritance patterns. X-

linked recessive disorders, such as hemophilia and red-green color blindness, are more prevalent in 

males due to their single X chromosome . 

 

8. Mitochondrial Inheritance 

Mitochondrial DNA, inherited maternally, can carry mutations leading to disorders affecting energy 

production. Since mitochondria are transmitted through the egg, both sons and daughters can be 

affected, but only daughters can pass these mutations to their offspring . 

 

9. Genomic Imprinting 

Genomic imprinting involves epigenetic modifications where the expression of a gene depends on its 

parental origin. Certain genes are expressed only if inherited from a specific parent, leading to disorders 

like Prader-Willi and Angelman syndromes . 

 

10. Trinucleotide Repeat Disorders 

These disorders result from the expansion of specific DNA sequences, leading to diseases such as 

Huntington's disease and Fragile X syndrome. The severity and onset of symptoms often correlate with 

the number of repeats, which can increase in successive generations . 

 

11. Infectious Heredity 

Infectious heredity occurs when symbiotic or parasitic microorganisms residing in the cytoplasm are 

transmitted to offspring, influencing phenotypes. An example is the "killer" trait in certain yeast strains, 

where viral particles confer a competitive advantage . 

 

12. Paramutation 

Paramutation is an interaction between two alleles that leads to a heritable change in expression of one 

allele induced by the other. This phenomenon has been observed in plants and animals, challenging 

traditional Mendelian genetics . 

 

13. Meiotic Drive 

Meiotic drive refers to the preferential transmission of certain alleles during meiosis, violating Mendel's 

law of equal segregation. This can lead to skewed sex ratios and has significant implications for 

population dynamics . 

 

14. Gene Conversion 

Gene conversion involves the non-reciprocal transfer of genetic material during recombination, leading 

to non-Mendelian inheritance patterns. 
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This mechanism can result in unexpected genotype ratios in offspring . 

 

15. Polar Overdominance 

Polar overdominance is a unique inheritance pattern where a phenotype is expressed only when a 

specific allele is inherited from one parent. The callipyge phenotype in sheep, characterized by muscle 

hypertrophy, is an example, manifesting only when the mutant allele is paternally inherited . 

 

16. Cytoplasmic Inheritance 

Cytoplasmic inheritance involves genes located in organelles like mitochondria and chloroplasts, which 

are inherited maternally. This type of inheritance affects traits such as leaf coloration in plants and 

certain metabolic disorders in humans . 

 

17. Transgenerational Epigenetic Inheritance 

This refers to the transmission of epigenetic markers across generations, affecting gene expression 

without altering the DNA sequence. Environmental factors can induce epigenetic changes that are 

heritable, influencing traits in descendants . 

 

18. Gene-Environment Interactions 

The expression of certain traits results from the interplay between genetic predispositions and 

environmental factors. For instance, a plant's yield can be influenced by both its genetic makeup and 

environmental conditions like soil quality and climate . 

 

Conclusion 

Non-Mendelian inheritance patterns reveal the complexity of genetic transmission beyond the classical 

Mendelian framework. Understanding these patterns is essential for advancements in genetics, medicine, 

and evolutionary biology. 

 

References 

1. Biology Online Tutorial. Non-Mendelian Inheritance. Retrieved 

from https://www.biologyonline.com/tutorials/non-mendelian-inheritanceBio Articles & Tutorials 

Online 

2. K12 LibreTexts. 3.13: Non-Mendelian Inheritance. Retrieved 

from https://k12.libretexts.org/Bookshelves/Science_and_Technology/Biology/03%3A_Genetics/3.1

3%3A_Non-Mendelian_InheritanceK12 LibreTexts 

3. Pressbooks. 5.14 Non-Mendelian Inheritance – Human Biology – CapilanoU. Retrieved 

from https://pressbooks.bccampus.ca/053humanbiology/chapter/5-13-non-mendelian-

inheritance/BCCampus Pressbooks+1BCCampus Pressbooks+1 

4. Wikipedia. Non-Mendelian inheritance. Retrieved from https://en.wikipedia.org/wiki/Non-

Mendelian_inheritance 

5. PMC. Unveiling the Mysteries of Non-Mendelian Heredity in Plant Breeding. Retrieved 

from https://pmc.ncbi.nlm.nih.gov/articles/PMC10221147/PMC+1PMC+1 

6. Wired. Inheritance Without Genes. Retrieved from https://www.wired.com/2006/05/inheritance-

witWIRED 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250345888 Volume 7, Issue 3, May-June 2025 4 

 

7. Portland Press. Non-Mendelian transmission of X chromosomes: mechanisms and impact on sex 

ratios and population dynamics in different breeding systems. Retrieved 

from https://portlandpress.com/biochemsoctrans/article/52/4/1777/234819/Non-Mendelian-

transmission-of-X-chromosomesportlandpress.com 

https://www.ijfmr.com/
https://portlandpress.com/biochemsoctrans/article/52/4/1777/234819/Non-Mendelian-transmission-of-X-chromosomesportlandpress.com
https://portlandpress.com/biochemsoctrans/article/52/4/1777/234819/Non-Mendelian-transmission-of-X-chromosomesportlandpress.com

