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In A Genetic Experiment On Peas, One Sample Of Offspring Contained 436 Green
Peas And 171 Yellow Peas. This intriguing experiment offers valuable insights into the
principles of inheritance, especially those related to Mendelian genetics. By analyzing the
ratios of green to yellow peas, scientists can better understand how traits are passed from
parent plants to their offspring, shedding light on dominant and recessive alleles, Punnett
squares, and the predictive power of genetic models. In this article, we explore the details
of this experiment, interpret its results, and discuss the broader implications for genetics
and plant breeding.

Understanding the Context of the Pea Plant
Experiment

The Significance of Mendel’s Pea Experiments
Gregor Mendel's pioneering work with pea plants laid the foundation for modern genetics.
His experiments focused on traits such as seed color, shape, pod shape, and flower color,
among others. Pea plants are ideal for genetic studies because:

They have clear, distinguishable traits.

They can self-pollinate or be cross-pollinated intentionally.

The traits follow predictable inheritance patterns.

Mendel’s experiments revealed that traits are inherited in a predictable manner, governed
by discrete units of inheritance—what we now call genes.

The Specifics of the Green and Yellow Seed Color Traits
In pea plants:

Green seed color is typically dominant.

Yellow seed color is recessive.

This means that a plant with at least one green allele will produce green seeds, whereas
yellow seeds only appear when the plant inherits two yellow alleles.



Analysis of the Data: 436 Green Peas and 171
Yellow Peas

Calculating the Observed Ratios
The first step in analyzing the data is to determine the ratio of green to yellow peas:

Total number of peas = 436 + 171 = 6071.

Green peas = 4362.

Yellow peas = 1713.

Observed ratio of green to yellow peas = 436:171 ≈ 2.55:14.

Expected Ratios Based on Mendelian Genetics
If the traits follow Mendel’s laws, the expected ratio for a monohybrid cross with
heterozygous parents (e.g., Gg x Gg) is:

3 green : 1 yellow

This 3:1 ratio is a hallmark of dominant-recessive inheritance.

Comparing Observed Data to Expected Ratios
To assess whether the observed data aligns with Mendelian predictions:

Calculate the expected counts:1.

Expected green peas = (3/4) 607 ≈ 455.25

Expected yellow peas = (1/4) 607 ≈ 151.75

Compare observed to expected:2.

Green: Observed 436 vs. Expected 455.25

Yellow: Observed 171 vs. Expected 151.75



Statistical Analysis: Chi-Square Test

Purpose of the Chi-Square Test
The chi-square test evaluates whether the differences between observed and expected
counts are statistically significant.

Calculating the Chi-Square Value
Using the formula:
\[ \chi^2 = \sum \frac{(O - E)^2}{E} \]
Where:

O = observed count

E = expected count

Calculations:

Green peas:1.
\[ \frac{(436 - 455.25)^2}{455.25} = \frac{(-19.25)^2}{455.25} ≈
\frac{370.56}{455.25} ≈ 0.814 \]

Yellow peas:2.
\[ \frac{(171 - 151.75)^2}{151.75} = \frac{(19.25)^2}{151.75} ≈
\frac{370.56}{151.75} ≈ 2.44 \]

Total chi-square value:
\[ \chi^2 ≈ 0.814 + 2.44 ≈ 3.254 \]

Interpretation of the Results
Degrees of freedom (df) = number of categories - 1 = 1

Consulting a chi-square distribution table at df=1 and a significance level of 0.05:
- Critical value ≈ 3.84

Since 3.254 < 3.84, the difference is not statistically significant at the 5% level. Therefore,
the observed data aligns reasonably well with the expected 3:1 ratio, supporting the
hypothesis that the traits follow Mendelian inheritance.



Implications of the Findings

Confirmation of Mendelian Inheritance
The close match between observed and expected ratios confirms that seed color in peas is
inherited in a dominant-recessive pattern, consistent with Mendel’s laws.

Understanding Dominant and Recessive Traits
- The green seed trait is dominant; plants with GG or Gg genotypes produce green seeds.
- The yellow seed trait is recessive; only gg genotypes produce yellow seeds.

Predicting Offspring Traits
Using Punnett squares, geneticists can predict offspring ratios based on parent genotypes.
For heterozygous parents (Gg x Gg), the expected ratios are:

25% GG1.

50% Gg2.

25% gg3.

which simplifies to a 3:1 phenotypic ratio (green to yellow).

Broader Applications of the Study

Plant Breeding and Agriculture
Understanding inheritance patterns allows breeders to:

Select desirable traits for crop improvement.

Predict outcomes of cross-breeding programs.

Develop new plant varieties with specific traits.

Educational Value
The pea plant experiment remains a fundamental teaching tool for:



Introducing genetics concepts.

Demonstrating the use of statistical analysis in biology.

Encouraging critical thinking about inheritance mechanisms.

Genetic Research and Modern Science
While Mendel’s work laid the groundwork, modern genetics explores:

Gene interactions and polygenic traits.

Genetic mutations and their effects.

Genomic sequencing and gene editing technologies.

The principles observed in the pea experiment continue to underpin advances in these
fields.

Conclusion
The analysis of the pea offspring sample containing 436 green peas and 171 yellow peas
demonstrates a phenotypic ratio close to the expected 3:1 Mendelian inheritance pattern.
The statistical evaluation via chi-square test confirms that the observed variation aligns
with theoretical predictions, reinforcing the foundational principles of dominant and
recessive traits. This experiment not only validates Mendel’s laws but also highlights the
importance of genetic analysis in plant breeding, agriculture, and biological education.
Understanding these patterns helps scientists and farmers predict and manipulate traits,
leading to improved crop varieties and a deeper comprehension of heredity. The enduring
relevance of Mendel’s experiments underscores the significance of simple, well-designed
studies in uncovering the complex mechanisms of life.

---
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Frequently Asked Questions

What is the likely genetic ratio of green to yellow peas
in the offspring sample?
The observed ratio is approximately 436 green peas to 171 yellow peas, which simplifies to



roughly 2.55:1, suggesting a possible genetic ratio close to 3:1 if scaled appropriately.

What does the ratio of green to yellow peas indicate
about the inheritance pattern?
The ratio suggests that green might be the dominant trait while yellow is recessive,
consistent with Mendelian inheritance where a dominant phenotype appears more
frequently.

How can the expected ratios help in determining the
type of genetic cross conducted?
By comparing the observed ratio (approximately 2.55:1) to expected Mendelian ratios like
3:1 or 1:1, researchers can infer whether the cross involved heterozygous, homozygous, or
test-cross scenarios.

What statistical test can be used to evaluate if the
observed data fits a genetic inheritance hypothesis?
A chi-square test can be applied to assess whether the observed counts of green and yellow
peas significantly deviate from expected ratios based on Mendelian inheritance.

What further experiments could be conducted to
confirm the inheritance pattern of pea color?
Conducting controlled breeding experiments, such as self-pollination or cross-pollination of
known genotypes, along with larger sample sizes, can help confirm the genetic basis of pea
color inheritance.

Additional Resources
In A Genetic Experiment On Peas, One Sample Of Offspring Contained 436 Green Peas And
171 Yellow Peas.

---

Introduction: Unveiling the Genetic Mystery of Pea Colors

In the world of genetics, peas have long served as a fundamental model organism, thanks
to Gregor Mendel’s pioneering work in the 19th century. Today, a new experiment revisits
this iconic plant to explore how genetic inheritance influences the color of pea seeds. In a
recent sample, scientists observed 436 green peas and 171 yellow peas. This distribution
hints at underlying genetic principles, prompting a detailed examination of inheritance
patterns, probability, and Mendelian genetics. Understanding these figures is not only
essential for grasping classical genetics but also for appreciating how traits are inherited
across generations.



---

Background: The Significance of Pea Color in Genetics

Gregor Mendel's experiments with pea plants laid the groundwork for modern genetics. He
identified specific traits—such as seed shape and color—and demonstrated how these traits
are inherited through discrete units now called genes. Pea color, in particular, became a
classic trait used to study dominant and recessive inheritance.

- Pea Colors: Typically, peas exhibit either yellow or green seed coats.
- Genetic Basis: The trait is controlled by a single gene with two alleles:
- Y: Dominant allele responsible for yellow color.
- y: Recessive allele responsible for green color.

Mendel's experiments showed that when plants heterozygous for the trait (Yy) are crossed,
the resulting offspring display a predictable ratio of colors, often 3:1.

---

The Data: Analyzing the Offspring Distribution

The recent sample consists of:

- 436 green peas
- 171 yellow peas

Total offspring: 607 peas

At first glance, these numbers are consistent with Mendelian inheritance ratios, but precise
analysis can confirm whether the observed distribution aligns with theoretical expectations.

---

Step 1: Calculating the Observed Ratios

To interpret the data, we convert raw counts into proportions:

- Green peas: 436 / 607 ≈ 0.718
- Yellow peas: 171 / 607 ≈ 0.282

These ratios are roughly 71.8% green and 28.2% yellow.

---

Step 2: Comparing to Expected Mendelian Ratios

Mendel's classic Punnett square cross (Yy × Yy) predicts:

- Yellow (YY or Yy): 75%
- Green (yy): 25%



Alternatively, if the cross was between heterozygotes, the expected ratios would be:

| | Y | y |
|------|---|---|
| Y | YY | Yy |
| y | Yy | yy |

Results in:

- YY: 25%
- Yy: 50%
- yy: 25%

Since yellow is dominant, both YY and Yy produce yellow seeds, totaling 75%. Green (yy)
makes up 25%.

Expected distribution:

- Yellow: 75% of 607 ≈ 455 peas
- Green: 25% of 607 ≈ 152 peas

Observed vs. Expected:

| Trait | Observed | Expected | Difference |
|---------|------------|----------|------------|
| Green | 436 | 152 | Significant overrepresentation? |
| Yellow | 171 | 455 | Significant underrepresentation? |

But note that the expected counts are mismatched because the total observed is 607, while
the expected counts are based on the Mendelian ratios.

Alternatively, adjusting expectations:

- Expected yellow: 75% of 607 ≈ 455 peas
- Expected green: 25% of 607 ≈ 152 peas

The observed counts (436 green, 171 yellow) deviate from these expectations, indicating a
different inheritance pattern or sampling variation.

---

Step 3: Statistical Analysis – Chi-Square Test

To quantify the deviation, a chi-square test can determine whether the observed
distribution significantly differs from the expected Mendelian ratio.

Calculations:

- For green peas:
\( \chi^2_{green} = \frac{(436 - 152)^2}{152} \)



- For yellow peas:
\( \chi^2_{yellow} = \frac{(171 - 455)^2}{455} \)

Total chi-square value:

\[
\chi^2 = \frac{(436 - 152)^2}{152} + \frac{(171 - 455)^2}{455}
\]

Calculating:

- \( (436 - 152) = 284 \),
\( \frac{284^2}{152} ≈ \frac{80,656}{152} ≈ 530.38 \)

- \( (171 - 455) = -284 \),
\( \frac{(-284)^2}{455} ≈ \frac{80,656}{455} ≈ 177.22 \)

Total chi-square:
530.38 + 177.22 ≈ 707.6

A chi-square value this high indicates a significant deviation from the expected Mendelian
ratio, suggesting that the inheritance pattern might not follow the simple dominant-
recessive model, or that other factors are at play.

---

Possible Explanations for the Discrepancy

The significant difference between observed and expected ratios hints at several
possibilities:

- Sampling Bias: The sample may not be representative.
- Genetic Complexity: The trait might involve multiple genes (polygenic inheritance) or
incomplete dominance, deviating from Mendel’s simple model.
- Environmental Factors: External conditions might influence seed color expression.
- Genetic Linkage or Mutations: The presence of linked genes or spontaneous mutations
could alter expected ratios.

---

Deep Dive: Mendelian Genetics and Alternative Models

Given the observed data, it's worth exploring the classical Mendelian model and how it
might be refined.

The Classic Model: Single-Gene Dominance

In the simplest case, if the parent plants were heterozygous (Yy), the progeny would follow
a 3:1 yellow-to-green ratio. Over large samples, this ratio tends to hold, but deviations are
common due to chance and other factors.



The Role of Multiple Genes

If multiple genes influence pea color, inheritance becomes more complex. For instance:

- Polygenic inheritance: Multiple genes contribute to color, each with small effects.
- Gene interactions: Epistasis, where one gene masks the effect of another, could alter
expected ratios.

Incomplete Dominance and Co-dominance

Traits like seed color might not be strictly dominant or recessive, leading to intermediate
phenotypes or different ratios.

---

Broader Implications and Future Directions

The data gleaned from this experiment offers a window into the intricacies of genetic
inheritance. While Mendel’s laws provide a foundational framework, real-world genetics
often involve complexities that challenge these simple models.

Implications include:

- Refining Genetic Models: Recognizing polygenic traits and gene interactions.
- Understanding Variability: Appreciating the role of environmental and genetic factors in
trait expression.
- Application in Breeding: Informing strategies for selecting desirable traits.

Future research avenues could include:

- Conducting larger sample sizes for more statistical power.
- Performing genetic crosses with known genotypes to confirm inheritance patterns.
- Using molecular techniques to identify the specific genes involved.

---

Conclusion: Deciphering the Genetic Code of Peas

The observed data—436 green peas and 171 yellow peas—serve as a compelling case
study into the complexities of inheritance. While the classic Mendelian ratios provide a
starting point, real-world experiments often reveal deviations that spark further inquiry.
Whether due to genetic nuances, environmental influences, or sampling factors, such
findings underscore the dynamic nature of genetics. As science advances, each experiment
adds a piece to the puzzle, bringing us closer to fully understanding how traits like pea
color are inherited, expressed, and influenced by a myriad of factors. The humble pea
continues to be a powerful symbol of discovery, illustrating the enduring importance of
careful observation, statistical analysis, and scientific curiosity in unraveling life's genetic
blueprint.
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