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Punnett Square Power: Designing the Perfect
Offspring (A Project in Mendelian Genetics)
Materials Needed

Notebook or loose-leaf paper
Pen/Pencil and highlighters/colored pencils
Ruler (for drawing clean Punnett squares)
One standard coin (for the 'We Do' activity)
Access to reliable biology textbook or internet resources (for defining terms)
Poster board, digital presentation software (PowerPoint/Google Slides), or large sheets of paper for
the final project display

Learning Objectives (What You Will Learn)
By the end of this lesson, you will be able to:

Define and distinguish between key genetic terms (allele, genotype, phenotype, homozygous,1.
and heterozygous).
Accurately construct and solve monohybrid Punnett squares to predict the probable offspring2.
of a genetic cross.
Apply genetic principles to design a fictional organism and predict the inheritance patterns of its3.
traits in a structured project.

Success Criteria (How You Know You've Succeeded)
You have successfully completed this lesson if:

You can correctly explain the difference between Genotype and Phenotype to a peer.
Your calculated probability ratios (e.g., 3:1 or 1:2:1) match the model examples.
Your final "Designer Creature Bio-Project" clearly illustrates the Punnett square crosses for at least
three traits and includes a detailed prediction of the offspring's characteristics.

I. Introduction (15 Minutes)

A. Hook: The Super-Being Scenario

Educator Talking Point: Imagine you are a biological engineer and you need to design the next
generation of a critical species—maybe a super-disease-resistant plant for Mars, or a pet that never
sheds. What traits would you select? More importantly, how would you ensure those desirable traits are
actually passed down to the offspring?

Genetics is the blueprint for life, and understanding inheritance means you can predict the future of a
species. Today, we’re going to master the tool that makes those predictions possible: the Punnett
Square.
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B. Reviewing Essential Vocabulary (I Do)

Before we draw our first square, we must be fluent in the language of genetics. As we review these
terms, write them down and create a simple visual cue for each one.

Allele: Different versions of a gene (e.g., the allele for brown eyes vs. blue eyes).
Dominant Allele (Uppercase letter, e.g., R): The allele that is expressed when present.
Recessive Allele (Lowercase letter, e.g., r): The allele that is only expressed when two copies
are present.
Genotype: The genetic makeup (the letters/combination, e.g., Rr, RR, rr).
Phenotype: The physical expression of the trait (what you see, e.g., smooth fur, wrinkled fur).
Homozygous: Having two identical alleles (RR or rr).
Heterozygous: Having two different alleles (Rr).

II. Body: Content, Modeling, and Practice (45 Minutes)

A. Modeling the Punnett Square (I Do)

Educator Talking Point: The Punnett Square is just a visual tool for probability. It shows every
possible combination of alleles an offspring can inherit from two parents.

Step-by-Step Example: Let’s cross two heterozygous pea plants for height (T = tall, t = short).
Genotypes: Tt x Tt.

Draw a 2x2 grid.1.
Place Parent 1’s alleles (T and t) along the top.2.
Place Parent 2’s alleles (T and t) along the side.3.
Fill in the squares by combining the alleles from the top and side.4.

(Model filling in the resulting boxes: TT, Tt, Tt, tt.)

Results Analysis:

Genotypic Ratio: 1 TT : 2 Tt : 1 tt (1 homozygous dominant : 2 heterozygous : 1 homozygous
recessive)
Phenotypic Ratio: 3 Tall : 1 Short (3 dominant phenotype : 1 recessive phenotype)

B. Interactive Practice: Coin Flip Genetics (We Do)

This activity uses probability to generate random parental genotypes, simulating how inheritance works
in real life.

Assign Traits: Define a new trait (e.g., Fur Color in a space hamster, B = blue fur, b = brown fur).1.
Determine Parent Genotype: Flip your coin twice.2.

First Flip (Parent 1): Heads = B (dominant allele). Tails = b (recessive allele).
Second Flip (Parent 2): Heads = B. Tails = b.

(Example: If you flipped H and T, your cross is Bb x Bb. If you flipped H and H, your cross is BB x
BB.)
Solve: Based on your coin flip results, draw and solve the corresponding Punnett square.3.
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Discuss (Formative Assessment): What are the phenotypic and genotypic ratios of your cross?4.
If you did this cross 100 times, how many offspring would likely have the recessive trait? (Use this
moment to check for understanding before moving to the project.)

C. Project Launch: Designer Creature Bio-Profile (You Do)

Task: You are now tasked with creating a fictional species (animal, plant, or alien) and designing its
inheritance patterns. This is the main outcome assessment for the lesson.

Project Steps:

Design Your Creature: Sketch or describe your creature. Give it a name (e.g., The Floofle1.
Beast).
Define 3 Traits: Choose three distinct traits, each governed by simple Mendelian inheritance2.
(Dominant/Recessive).

Trait 1 (e.g., Horns): H = Horns (Dominant), h = No Horns (Recessive)
Trait 2 (e.g., Scale Color): G = Green Scales (Dominant), g = Gold Scales (Recessive)
Trait 3 (e.g., Tail Shape): C = Curly Tail (Dominant), c = Straight Tail (Recessive)

Select Parents: Choose two fictional parents (Parent A and Parent B) for your crosses. They must3.
be heterozygous for at least one trait.

Example Parent A Genotype: Hh Gg Cc
Example Parent B Genotype: Hh gg Cc

Perform the Crosses: For each of the three traits, draw a separate monohybrid Punnett square4.
showing the cross between Parent A and Parent B for that specific trait (e.g., Hh x Hh, Gg x gg, Cc
x Cc).
Predict the Offspring: Based on your squares, state the probability (in percentages or ratios)5.
that the offspring will inherit:

Trait 1: The dominant phenotype.
Trait 2: The homozygous recessive genotype.
Trait 3: The heterozygous genotype.

III. Conclusion and Assessment (30 Minutes - Project
Completion/Presentation)

A. Project Review and Presentation (Summative Assessment)

The time dedicated to this section depends on whether the student has completed the project display
(poster or slides) and is ready to present.

Deliverable: Present your "Designer Creature Bio-Profile." Ensure the presentation includes:

A description/image of the creature.
A clear list of the three traits and their corresponding dominant/recessive alleles.
The three completed Punnett squares showing the cross between Parent A and Parent B.
A clear statement of the predicted Genotypic and Phenotypic ratios for the offspring.

Educator Feedback: Focus feedback on the accuracy of the Punnett square calculations and the
correct use of genetic vocabulary during the presentation.
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B. Closure and Recap

Q&A/Discussion: What is the biggest difference between the Genotype (the letters) and the Phenotype
(the physical look)? Why are Punnett squares useful to biologists, farmers, and doctors?

Reinforcement: Today, we moved from simply defining terms to actively using probability to predict
inheritance. You have successfully utilized Mendelian principles to engineer a new life form!

IV. Differentiation and Adaptation

Scaffolding (For learners needing extra support)

Vocabulary Checklist: Provide a pre-printed chart of all necessary vocabulary terms for the
student to keep visible while working.
Simplify the Project: Reduce the number of traits in the Designer Creature Project from three to
two.
Guided Setup: Provide partially completed Punnett squares or pre-labeled grids to help the
student focus only on allele combination, reducing visual-spatial strain.

Extension (For advanced learners)

Dihybrid Challenge: Have the student design a Punnett square demonstrating the inheritance of
two traits simultaneously (a dihybrid cross, 16 squares) for their Designer Creature.
Non-Mendelian Research: Require the student to research one non-Mendelian inheritance
pattern (such as incomplete dominance, codominance, or sex-linked traits) and incorporate it as a
fourth trait in their creature profile. They must explain how the Punnett square setup changes for
this new pattern.
Real-World Application: Have the student research a specific inherited human disorder (e.g.,
Cystic Fibrosis or Sickle Cell Anemia) and explain how Punnett squares are used for genetic
counseling to determine the risk for prospective parents.


