
A Homozygous Tall Pea Plant Is Crossed
With A Homozygous Short Plant. Tall Is
Dominant To Short. Use
A Homozygous Tall Pea Plant Is Crossed With A Homozygous Short Plant. Tall Is
Dominant To Short. Use this classic genetic cross to explore fundamental principles of
inheritance, Mendelian genetics, and how traits are passed from one generation to the
next. Understanding this cross provides valuable insights into dominant and recessive
alleles, genotype and phenotype, Punnett squares, and the broader implications of genetic
inheritance in biology.

---

Introduction to Mendelian Genetics

Gregor Mendel, often called the father of genetics, established the foundational principles
of inheritance through his experiments with pea plants. His work demonstrated how traits
are inherited in predictable patterns, primarily through the concepts of dominant and
recessive alleles. The classic example involves the inheritance of plant height, with tallness
being dominant over shortness.

What Are Alleles?

- Alleles are different forms of a gene that determine specific traits.
- For example, the gene for plant height has two alleles:
- Tall (T), which is dominant.
- Short (t), which is recessive.

Homozygous vs. Heterozygous

- Homozygous means having two identical alleles for a trait:
- Homozygous Tall: TT
- Homozygous Short: tt
- Heterozygous means having two different alleles:
- Heterozygous Tall: Tt (phenotypically tall since T is dominant)

---

Crossing Homozygous Tall and Homozygous Short
Pea Plants

The Parental Generation (P)



- Homozygous Tall Plant (TT)
- Homozygous Short Plant (tt)

The Cross

When these two plants are crossed, the resulting offspring are called the F1 generation.

Purpose of the Cross

- To understand how traits are inherited.
- To observe the dominance relationship between tall and short traits.
- To predict the genotypic and phenotypic ratios of offspring.

---

Setting Up the Cross: Punnett Square Analysis

A Punnett square is a tool used to predict the genetic makeup of offspring resulting from a
particular cross.

Step 1: Determine Gametes

- Homozygous tall plant (TT) produces T gametes.
- Homozygous short plant (tt) produces t gametes.

Step 2: Construct the Punnett Square

| | T (from tall parent) | T (from tall parent) |
|-----|----------------------|----------------------|
| t (from short) | Tt | Tt |
| t (from short) | Tt | Tt |

Step 3: Interpret Results

- All offspring are Tt, heterozygous.
- Phenotypic ratio: 100% tall plants.
- Genotypic ratio: 0% homozygous tall (TT), 100% heterozygous tall (Tt), 0% homozygous
short (tt).

---

Understanding the Results of the Cross

Phenotypic Outcome

- Since tall (T) is dominant, all the F1 plants will display the tall phenotype.



- The short trait is recessive, so it is masked in heterozygous individuals.

Genotypic Composition

- 100% heterozygous tall (Tt)
- No homozygous tall (TT) or homozygous short (tt) in the F1 generation.

Significance

- Demonstrates how a dominant allele can mask the presence of a recessive allele.
- Highlights how genetic traits are inherited in predictable patterns.

---

F2 Generation: Self-Pollination of F1 Plants

To further understand inheritance, F1 plants (Tt) are self-pollinated to produce the F2
generation.

Setting Up the F2 Cross

- Both parent plants are heterozygous tall (Tt).

Punnett Square for Tt x Tt

| | T | t |
|-----|---|---|
| T | TT| Tt|
| t | Tt| tt|

Results

- Genotypic ratio:
- 1 TT (homozygous tall)
- 2 Tt (heterozygous tall)
- 1 tt (homozygous short)

- Phenotypic ratio:
- 3 tall : 1 short

Key Takeaways

- The classic Mendelian ratio of 3:1 phenotypic in the F2 generation.
- The presence of both tall and short plants among the offspring.

---



Implications of the Homozygous Cross in Plant
Breeding

Understanding the inheritance pattern of height in pea plants has practical applications in
plant breeding and agriculture.

Benefits

- Predicting plant traits for crop improvement.
- Selecting for desirable traits like tallness or shortness.
- Ensuring genetic consistency in plant populations.

Challenges

- Not all traits follow simple Mendelian inheritance.
- Polygenic traits involve multiple genes.
- Environmental factors can influence trait expression.

---

Genetic Principles Demonstrated by the Cross

This cross illustrates several key genetic principles:

Dominance and Recessiveness

- Tallness is dominant over shortness.
- Heterozygous individuals (Tt) display the tall phenotype.

Segregation of Alleles

- During gamete formation, alleles segregate equally.
- Each gamete carries only one allele for the trait.

Independent Assortment

- Traits are inherited independently if they are on different chromosomes.
- For traits linked on the same chromosome, inheritance patterns may differ.

Predictability of Inheritance

- Mendelian ratios allow for predicting the likelihood of certain traits appearing in offspring.

---



Conclusion: The Significance of the Homozygous
Cross in Genetics

The cross between a homozygous tall pea plant and a homozygous short pea plant serves
as a fundamental example of Mendelian inheritance. It demonstrates how dominant and
recessive alleles interact, how genotypes translate into phenotypes, and how predictable
inheritance patterns can be. This understanding forms the basis for modern genetics,
enabling scientists and breeders to manipulate and select traits for agriculture, medicine,
and research.

By examining these classic crosses, students and researchers gain insights into the
mechanics of heredity, paving the way for advances in genetic engineering, crop
improvement, and understanding hereditary diseases. The principles exemplified through
this simple pea plant experiment continue to underpin much of the modern biological
sciences.

---
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Frequently Asked Questions

What is the expected genotypic ratio of the offspring
when a homozygous tall pea plant is crossed with a
homozygous short pea plant?
All the offspring will be heterozygous tall (Tt) because they inherit one tall allele (T) from
the tall parent and one short allele (t) from the short parent.

What is the phenotypic ratio of the offspring in this
cross?
The phenotypic ratio will be 100% tall, since tall (T) is dominant over short (t) and all



offspring are heterozygous tall.

What is the genotype of the homozygous tall parent in
this cross?
The genotype of the homozygous tall parent is TT.

If a heterozygous tall plant is crossed with a
homozygous short plant, what would be the expected
offspring phenotype ratio?
The expected phenotype ratio would be 1 tall : 1 short, because half the offspring would
inherit the T allele from the heterozygous parent and the t allele from the short parent.

Why is the homozygous tall plant considered
'homozygous' in this cross?
It is considered homozygous because it has two identical copies of the tall allele (TT), one
from each parent, making it purebred for the tall trait.

Additional Resources
Genetics: Unraveling the Inheritance Pattern in Pea Plants

---

Introduction

When delving into the fascinating world of genetics, one of the most iconic examples used
to elucidate inheritance patterns is Gregor Mendel’s pea plant experiments. These
experiments laid the foundation for modern genetics and have been instrumental in
understanding how traits are passed from one generation to the next. Today, we will
explore an intriguing genetic scenario involving pea plants: a homozygous tall pea plant
crossed with a homozygous short plant, with tall being the dominant trait. This case not
only exemplifies Mendelian inheritance but also provides insights into dominant and
recessive gene interactions, genotypic and phenotypic ratios, and the underlying principles
governing heredity.

---

Setting the Stage: The Basics of Pea Plant Traits

Morphology of Pea Height Traits

In pea plants (Pisum sativum), height is a classic qualitative trait controlled by a single gene
with two alleles:



- Tall (T): The dominant allele
- Short (t): The recessive allele

The phenotype (observable characteristic) depends on the combination of alleles an
individual carries:

- Homozygous Tall (TT): Both alleles are dominant, resulting in a tall plant.
- Heterozygous Tall (Tt): One dominant and one recessive allele, but phenotypically tall due
to dominance.
- Homozygous Short (tt): Both alleles are recessive, resulting in a short plant.

This simple Mendelian trait serves as a prime example for studying inheritance patterns.

---

The Parental Cross: Homozygous Tall × Homozygous Short

Let’s analyze the specific cross:

- Parent 1 (Homozygous Tall): Genotype TT
- Parent 2 (Homozygous Short): Genotype tt

This cross is often depicted as:

| Parent | Genotype | Alleles |
|---------|------------|---------|
| TT | Homozygous Tall | T, T |
| tt | Homozygous Short | t, t |

Expected Outcomes in the F1 Generation

The F1 (first filial) generation results from the fertilization of the gametes from each parent:

| Parent | Gametes |
|---------|---------|
| TT | T |
| tt | t |

All F1 offspring will inherit T from the tall parent and t from the short parent:

| F1 Genotype | Number of Plants | Phenotype |
|--------------|-------------------|-----------|
| Tt | All heterozygous | Tall |

Phenotypic Ratio: 100% Tall

Genotypic Ratio: 100% Tt

This outcome underscores the dominance of the tall allele: although all F1 plants carry one
tall and one short allele, they all appear tall due to the dominant nature of the T allele.



---

F1 Self-Pollination and the F2 Generation

To further understand inheritance, consider self-pollinating the F1 plants (Tt × Tt). This is
the classic Mendelian monohybrid cross, which yields the F2 generation with the following
genotypic and phenotypic ratios.

---

Punnett Square Analysis of the F1 Cross (Tt × Tt)

| | T | t |
|-------|-----|-----|
| T | TT | Tt |
| t | Tt | tt |

Genotypic Ratio:

- TT: 1
- Tt: 2
- tt: 1

Phenotypic Ratio:

- Tall: TT + Tt + Tt = 3
- Short: tt = 1

Resulting Ratio: 3 Tall : 1 Short

This classic 3:1 ratio demonstrates Mendel's principle of dominance, where the presence of
at least one dominant allele (T) results in a tall phenotype.

---

Deep Dive into the Genetic Principles at Play

1. Homozygosity and Its Significance

Homozygous individuals carry identical alleles:

- TT (homozygous dominant)
- tt (homozygous recessive)

In this case, both parental plants are homozygous, simplifying the inheritance pattern and
ensuring predictable outcomes.

2. Dominance and Recessiveness

The key here is the dominance of the tall trait:



- The T allele masks the effect of t in heterozygous individuals.
- The phenotype of Tt is tall, despite the genotype being heterozygous.

This dominance relationship is fundamental in Mendelian genetics and shapes the
phenotype ratios observed in progeny.

3. Genotypic vs. Phenotypic Ratios

- Genotypic ratio: The ratio of different genetic combinations (TT, Tt, tt).
- Phenotypic ratio: The observable traits resulting from these genotypes.

In this scenario, the genotypic ratio in F2 is 1:2:1, while the phenotypic ratio is 3:1.

---

Broader Implications and Applications

Understanding this simple cross has profound implications beyond pea plants. It serves as a
model for:

- Predicting inheritance of traits in various organisms.
- Genetic counseling for hereditary diseases.
- Plant and animal breeding to select desirable traits.
- Molecular genetics to explore gene function and expression.

Additionally, it sets the stage for more complex inheritance patterns, including incomplete
dominance, co-dominance, polygenic traits, and linked genes.

---

Variations and Exceptions to Mendelian Ratios

While Mendel’s principles hold true in many cases, real-world genetics often involve
complexities such as:

- Incomplete dominance: where heterozygous individuals display an intermediate
phenotype (e.g., pink flowers in snapdragons).
- Multiple alleles: more than two allele options for a trait.
- Gene interactions: epistasis, where one gene influences the expression of another.
- Environmental factors: which can modify trait expression.
- Linked genes: genes located close together on the same chromosome, affecting
inheritance patterns.

These nuances highlight that while the classic homozygous cross provides a foundational
understanding, actual genetic inheritance can be more intricate.

---

Conclusion

The cross between a homozygous tall and a homozygous short pea plant exemplifies



fundamental genetic principles, specifically dominance, segregation, and inheritance ratios.
The resulting F1 generation is uniformly tall, demonstrating the dominance of the T allele.
When these F1 plants self-pollinate, the classic 3:1 phenotypic ratio emerges in the F2
generation, reaffirming Mendel’s pioneering work.

This case study not only illustrates Mendelian inheritance but also underscores the
importance of genetic understanding in agriculture, medicine, and biological research.
Recognizing how traits are inherited allows scientists and breeders to predict outcomes,
select for desirable features, and unravel the complex web of genetic interactions that
shape the diversity of life on Earth.

---
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This comprehensive review provides clarity on the genetics of pea plants, serving as a
foundational resource for students, educators, and enthusiasts eager to understand
inheritance mechanisms.
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