
what is incomplete dominance in
biology
what is incomplete dominance in biology is a fundamental concept in genetics
that describes a specific type of inheritance pattern. Incomplete dominance
occurs when the phenotype of a heterozygote is intermediate between the
phenotypes of the two homozygotes. This phenomenon provides a clear example
of how traits can be expressed in a mixed manner rather than exhibiting the
dominance or recessiveness observed in traditional Mendelian genetics.
Understanding incomplete dominance is crucial for studying inheritance
patterns, plant and animal breeding, and the principles of evolutionary
biology. In this article, we will explore the definition, examples,
mechanisms, and implications of incomplete dominance, along with its
significance in the broader context of genetic studies.
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Definition of Incomplete Dominance
Incomplete dominance is defined as a genetic scenario in which neither allele
is completely dominant over the other. As a result, when an organism has two
different alleles for a trait, the resulting phenotype is a blend of the
traits associated with each allele. This contrasts sharply with complete
dominance where one allele completely masks the presence of another. The
concept of incomplete dominance was first illustrated in the early 20th
century, notably through the work of geneticists studying the color of
snapdragon flowers.

In this scenario, a cross between red-flowered and white-flowered snapdragons
resulted in offspring with pink flowers, demonstrating the blending of
traits. Incomplete dominance is significant because it illustrates the
complexity of genetic interactions and expands our understanding of how
traits can be inherited.



Examples of Incomplete Dominance
To better understand incomplete dominance, it is helpful to examine specific
examples across various organisms. These examples illustrate the principle
and provide insight into how this genetic phenomenon manifests in real-world
scenarios.

Example 1: Snapdragon Flowers
As previously mentioned, snapdragon flowers (Antirrhinum majus) serve as a
classic example of incomplete dominance. When a homozygous red flower (RR) is
crossed with a homozygous white flower (WW), the resulting offspring (RW)
exhibit pink flowers. This intermediate color is a direct result of the
incomplete dominance, as neither the red nor the white color completely
dominates.

Example 2: Andalusian Chickens
Another well-known example occurs in the feather color of Andalusian
chickens. When a black-feathered rooster (BB) is crossed with a white-
feathered hen (WW), the offspring display a slate-blue color (BW). This
slate-blue coloration is due to the blending of black and white feathers,
further demonstrating incomplete dominance in the animal kingdom.

Example 3: Human Hair Color
Human hair color also exhibits traits of incomplete dominance. For instance,
when one parent has curly hair (CC) and the other has straight hair (SS),
their offspring may have wavy hair (CS). This variation in hair texture
reflects how incomplete dominance operates in human genetics.

Mechanism of Incomplete Dominance
The mechanism of incomplete dominance involves the expression of two
different alleles, where the heterozygous genotype results in a phenotype
that is distinct from both homozygous phenotypes. This phenomenon can be
explained through the biochemical pathways that lead to the synthesis of
pigments or structural proteins responsible for the trait in question.

In the case of snapdragon flowers, the red pigment is produced through a
specific biochemical pathway. When the red and white alleles are present
together in the heterozygote, the resultant phenotype reflects a dilution of
the red pigment, resulting in pink flowers. This interaction emphasizes the
importance of gene expression and the levels of protein produced by each
allele.



Genetic Crosses and Punnett Squares
To visualize and predict the outcomes of incomplete dominance, geneticists
often use Punnett squares. These tools can help illustrate the possible
genotypes and phenotypes resulting from a cross between two organisms. In a
typical Punnett square for incomplete dominance, the alleles are represented
on each axis, and the corresponding offspring genotypes fill the squares in
the grid.

Determine the genotypes of the parents.1.

Set up a Punnett square with the alleles from each parent.2.

Fill in the squares with the possible combinations of alleles.3.

Determine the phenotypic ratio based on the genotypes obtained.4.

For example, in a cross between a red flowered (RR) and a white flowered (WW)
snapdragon, the Punnett square would show all offspring as heterozygous (RW),
resulting in a 100% pink phenotype. This simple analysis demonstrates the
predictable nature of incomplete dominance in genetic crosses.

Implications in Biology and Agriculture
The implications of incomplete dominance extend beyond mere academic
interest; they have practical significance in areas such as agriculture,
horticulture, and animal breeding. Understanding how traits are inherited can
lead to the selection of desirable characteristics in crop and livestock
production.

Crop Breeding: Farmers can utilize incomplete dominance to create hybrid
plants with improved traits, such as disease resistance or enhanced
yield.

Animal Breeding: Breeders can select for specific coat colors or
patterns in livestock by understanding the inheritance patterns
associated with incomplete dominance.

Genetic Research: Incomplete dominance can provide insights into the
complexity of genetic interactions, contributing to advancements in
genetic engineering and biotechnology.

Furthermore, studying incomplete dominance helps scientists better understand



the genetic basis of various traits and diseases in humans and other
organisms. By exploring these patterns, researchers can uncover valuable
information that may lead to breakthroughs in genetics and medicine.

Conclusion
In summary, incomplete dominance is a critical concept in the field of
genetics that demonstrates how traits can blend rather than exhibit simple
dominance or recessiveness. Through various examples, such as snapdragon
flowers and Andalusian chickens, the principles of incomplete dominance are
illustrated clearly. Understanding the mechanisms behind this genetic
phenomenon aids in predicting inheritance patterns and has significant
implications in agriculture and animal breeding. As genetics continues to
evolve, the study of incomplete dominance will remain an essential aspect of
understanding inheritance and the diversity of life on Earth.

Q: What is the difference between incomplete
dominance and codominance?
A: Incomplete dominance occurs when the phenotype of a heterozygote is a
blend of the two parental traits, whereas codominance occurs when both
alleles in a heterozygote are fully expressed, resulting in offspring that
display traits from both parents distinctly, such as in AB blood type in
humans.

Q: Can you give another example of incomplete
dominance?
A: Yes, another example of incomplete dominance can be seen in the flower
color of certain varieties of petunias, where crossing red and white petunias
can yield offspring with lavender flowers, indicating a blend of the two
parent colors.

Q: How does incomplete dominance affect genetic
diversity?
A: Incomplete dominance contributes to genetic diversity by allowing a range
of phenotypes to emerge from heterozygous crosses, which can enhance
adaptability and survival in changing environments.

Q: Is incomplete dominance common in nature?
A: Yes, incomplete dominance is relatively common in nature and can be



observed in various plants and animals, illustrating the complexity of
genetic expression beyond simple Mendelian inheritance.

Q: What role does incomplete dominance play in plant
breeding?
A: In plant breeding, incomplete dominance allows breeders to create hybrid
varieties that exhibit desirable traits, such as improved flower color or
increased yield, by selecting parent plants with complementary
characteristics.

Q: How can Punnett squares help in understanding
incomplete dominance?
A: Punnett squares can visually represent the potential genetic combinations
from a cross involving incomplete dominance, helping to predict the ratios of
offspring phenotypes and genotypes based on the alleles of the parents.

Q: What is the significance of studying incomplete
dominance in human genetics?
A: Studying incomplete dominance in human genetics can provide insights into
the inheritance of traits such as skin color and certain genetic disorders,
helping researchers understand the complexity of genetic expression in
humans.

Q: Are there any disadvantages to incomplete
dominance?
A: One potential disadvantage of incomplete dominance is that it may result
in phenotypes that are less suited for survival in specific environments, as
the blending of traits may not always confer the best adaptations.

Q: How is incomplete dominance related to
evolutionary biology?
A: Incomplete dominance plays a role in evolutionary biology by contributing
to phenotypic variation within populations, which is crucial for natural
selection and adaptation to changing environments.



Q: Can incomplete dominance occur in animals as well
as plants?
A: Yes, incomplete dominance can occur in animals, as demonstrated by
examples such as the feather color of Andalusian chickens, where the
offspring exhibit a blended coloration rather than distinct parental traits.
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