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Biology 1 Lesson Plan: The Creature Keepers
Project

Unit: Genetics, Heredity, and Modern Biotechnology

A 4-Week Project-Based Learning Plan for Mrvacupanda (Grade 12)

Overall Project Goal

Mrvacupanda will act as the Lead Geneticist for "Creature Keepers," a conservation park for
fantastical creatures. Over four weeks, they will learn the principles of genetics and apply them to
design a unique creature, analyze its inheritance patterns, diagnose genetic issues, and propose a
modern, ethical conservation plan. This culminates in a final "Creature Genetic Profile and
Conservation Plan" presentation.

Week 1: Foundations of Mendelian Genetics

Learning Objectives:

¢ Analyze the work of Gregor Mendel and its significance to modern genetics.

¢ Construct and interpret Punnett squares for monohybrid and dihybrid crosses to predict
offspring genotypes and phenotypes.

e Apply the laws of probability to genetic inheritance.

¢ Design a fictional creature with specific, heritable traits based on Mendelian principles.

Day 1: Welcome to Creature Keepers!

¢ Title: Introduction to Heredity & Traits

¢ Materials: Notebook ("Lead Geneticist's Log"), pen, mirror, access to online articles about
Gregor Mendel.

¢ Lesson Activities:

1. Warm-Up (10 min): Trait Scavenger Hunt. List 5 of your own observable traits (e.g.,
eye color, attached/detached earlobes, hair type). Discuss which might be inherited.

2. Instruction (20 min): Introduce the unit-long project: "Creature Keepers." Read a short
biography of Gregor Mendel. Discuss: Why were pea plants a good choice for his
experiments? Define key terms: gene, allele, dominant, recessive, genotype, phenotype,
homozygous, heterozygous. Mrvacupanda records these in their log.

3. Application (20 min): Begin the "Design-A-Creature" project. In the log, sketch a new
creature and define 3-4 simple dominant/recessive traits (e.g., Horns (H) vs. No Horns
(h); Blue Fur (B) vs. Yellow Fur (b)).

4. Assessment/Wrap-Up (10 min): "Exit Ticket." Ask Mrvacupanda to explain the
difference between a genotype and a phenotype using one of their creature's new traits.

Day 2: The Magic Square

¢ Title: Monohybrid Crosses & Punnett Squares
¢ Materials: Geneticist's Log, printable Punnett square worksheets, dice.
¢ Lesson Activities:

1. Warm-Up (5 min): Review the key terms from Day 1.
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2. Instruction (20 min): Explain how to set up and solve a Punnett square for a
monohybrid cross (e.g., Hh x hh for your creature's horns). Walk through the steps to
determine genotypic and phenotypic ratios.

3. Practical Game (25 min): "Creature Trait Roulette." For one of the creature's traits,
assign alleles to a die (e.g., 1-3 = H, 4-6 = h). Roll the die twice to determine the
genotype of Parent 1. Do the same for Parent 2. Then, complete a Punnett square for
that cross and describe the possible offspring. Repeat 3-4 times with different parent
combinations.

4. Assessment (10 min): In the log, solve two monohybrid cross word problems of
increasing difficulty.

¢ Differentiated Instruction:
o Support: Use a pre-filled template for the Punnett square.
o Challenge: Introduce a "test cross" scenario: "You have a horned creature, but you
don't know if its genotype is HH or Hh. How could you cross it to find out?"

Day 3: Genetics is a Numbers Game

¢ Title: Dihybrid Crosses
¢ Materials: Geneticist's Log, large paper or small whiteboard, markers.
¢ Lesson Activities:

1. Warm-Up (10 min): Review monohybrid cross ratios. Ask: "What if we wanted to track
two traits at once, like horn shape AND fur color?"

2. Instruction (25 min): Introduce the Law of Independent Assortment. Model how to set
up a dihybrid cross (e.g., HhBb x HhBb), explaining how to determine the possible
gametes for each parent (FOIL method). Solve it together, highlighting the 9:3:3:1
phenotypic ratio.

3. Application (20 min): On a large paper, Mrvacupanda performs a dihybrid cross for
two traits of their own creature. They must correctly identify the gametes, fill the 16-box
square, and calculate the phenotypic ratio of the offspring.

4. Assessment (5 min): Check the dihybrid cross for accuracy. Discuss the results.

Day 4: Complex Crosses & Review

¢ Title: Dihybrid Cross Practice

¢ Materials: Online Punnett square practice game (search for "dihybrid cross practice game"),
Geneticist's Log.

¢ Lesson Activities:

1. Warm-Up (5 min): Quick quiz: "What are the 4 possible gametes from a parent with the
genotype GgWw?"

2. Game-Based Learning (30 min): Use an online game or interactive website to
practice solving dihybrid cross problems. This provides instant feedback.

3. Project Application (20 min): Mrvacupanda writes a log entry: "l want to breed a
creature with blue fur and horns. The parents are both heterozygous for both traits. What
is the probability of me getting my desired offspring?" They must show the full dihybrid
cross to support their answer.

4. Wrap-up (5 min): Discuss the answer and clarify any remaining questions about
crosses.

Day 5: Week 1 Performance Task

¢ Title: The First Breeding Plan
e Materials: Geneticist's Log, materials for a short presentation (e.g., poster board, digital slide
creator).
¢ Assessment Task (1 hour):
1. Part 1 (40 min): Mrvacupanda creates a "Creature Profile" for one of their creatures. It
must include:
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A drawing of the creature.

A list of 3-4 Mendelian traits with their dominant and recessive alleles.

A "Breeding Goal" (e.g., to produce an offspring with two specific recessive traits).

A detailed plan showing the necessary parental genotypes and the dihybrid cross

that proves the probability of achieving the goal.

2. Part 2 (20 min): Mrvacupanda presents the breeding plan as if they were briefing the
"Creature Keepers" board of directors. They should explain the genetics clearly and
justify their choices.

Week 2: Complex Inheritance Patterns

Learning Objectives:

Differentiate between incomplete dominance and codominance, providing examples.

Explain inheritance patterns for multiple alleles (e.g., human blood types) and sex-linked traits.
Construct and analyze a pedigree chart to determine inheritance patterns and predict
genotypes of individuals.

¢ Solve a genetic mystery using evidence from a pedigree.

Day 1: Shades of Grey (and Spots!)

¢ Title: Incomplete Dominance and Codominance
¢ Materials: Geneticist's Log, colored pencils/markers.
¢ Lesson Activities:

1. Warm-Up (10 min): Pose a problem: "A red-flowered dragon is crossed with a white-
flowered dragon, and all their offspring have pink flowers. How is this possible if red is
dominant?"

2. Instruction (20 min): Explain incomplete dominance (blending) and codominance
(both traits show). Use Punnett squares with modified allele notation (e.g., C*C").

3. Creative Application (25 min): Mrvacupanda adds two new traits to their creature:
one that shows incomplete dominance (e.g., Scale Brightness: BB=bright, WW=dull,
BW=medium) and one that shows codominance (e.g., Wing Pattern: S°=striped,
S"=spotted, S°S’=striped and spotted). They must draw the three possible phenotypes
for each trait.

4. Assessment (5 min): Solve a Punnett square for one of the new complex traits.

Day 2: More Than Two Options

¢ Title: Multiple Alleles & Blood Typing
e Materials: Water, clear cups, red, blue, and yellow food coloring, droppers, Geneticist's Log.
¢ Lesson Activities:

1. Warm-Up (5 min): "How many alleles have we worked with for a single gene so far?
(Answer: two). What if there were three or more?"

2. Instruction (20 min): Explain multiple alleles using human ABO blood type as the
primary example (1%, I°, i). Discuss which alleles are dominant/recessive and how they
combine to create four phenotypes (A, B, AB, O).

3. Hands-On Lab (25 min): "Simulated Creature Blood Typing."

= Create "blood samples" for 4 unknown creatures using water and food coloring
(e.g., Sample 1: water + red; Sample 2: water + blue; Sample 3: water + red +
blue; Sample 4: just water).

= Create "testing serums." Serum A (yellow food coloring) "clumps" with A-antigens
(red). Serum B (green food coloring) "clumps" with B-antigens (blue).

= Mrvacupanda adds the "serums" to each sample to determine their "blood type"
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(A, B, AB, or O). They record the results and infer the genotypes.
4. Assessment (10 min): Solve a word problem: "A mother creature has blood type AB,
and her child has blood type B. What are the possible blood types of the father?"

Day 3: Genes on the Xand Y

¢ Title: Sex-Linked Traits
¢ Materials: Geneticist's Log, online article/video on hemophilia in Queen Victoria's family.
¢ Lesson Activities:
1. Warm-Up (10 min): "Why are some genetic conditions, like colorblindness, much more
common in males?"
2. Instruction (20 min): Explain the concept of sex chromosomes (XX, XY). Define sex-
linked traits and demonstrate how to use Punnett squares with X and Y chromosomes
(e.g., X"X" x X"Y). Emphasize why males are more affected by X-linked recessive traits.
3. Case Study (20 min): Research the pedigree of Queen Victoria and the spread of
hemophilia through the royal families of Europe. Discuss how this illustrates sex-linked
inheritance.
4. Application/Assessment (10 min): Mrvacupanda designs a new sex-linked trait for
their creature (e.g., "Magical Horn Glow," a recessive X-linked trait). They then solve a
cross between a carrier female and an unaffected male.

Day 4: Following the Family Tree

¢ Title: Pedigree Analysis
¢ Materials: Printable pedigree worksheets, Geneticist's Log, markers.
¢ Lesson Activities:

1. Warm-Up (5 min): Look at the Queen Victoria family tree again. Introduce the formal
symbols for a pedigree (squares, circles, shading).

2. Instruction (25 min): Teach how to read a pedigree. Explain how to determine the
mode of inheritance (autosomal dominant, autosomal recessive, or X-linked recessive)
by looking for key patterns.

= Autosomal Recessive: Can skip generations.
= Autosomal Dominant: Appears in every generation.
= X-linked Recessive: Mostly males affected; often skips a generation.

3. Practice (25 min): Work through 2-3 sample pedigrees together, determining the mode
of inheritance and figuring out the genotypes of specific individuals.

4. Assessment (5 min): Give a small pedigree and ask Mrvacupanda to identify the mode
of inheritance and justify their answer.

Day 5: Week 2 Performance Task

¢ Title: The Pedigree Puzzle
¢ Materials: A pre-made "Creature Calamity" worksheet.
e Assessment Task (1 hour):

1. The Scenario (10 min): Present a scenario: "A rare and valuable 'Glimmer-Wing'
creature was born in the park, but this trait is linked to a serious genetic disease. We
need you to figure out how the disease is inherited before we proceed with any more
breeding."

2. Analysis (40 min): Provide a pedigree chart for the Glimmer-Wing creature family,
showing which individuals have the disease. Mrvacupanda must:

1. Determine if the disease is dominant, recessive, or sex-linked, providing written
justification.

2. Label the likely genotypes for every individual on the pedigree.

3. Calculate the probability that the next offspring of two specific parents will have
the disease.

3. Write-up (10 min): Write a short "Geneticist's Recommendation" memo explaining the
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findings and advising the park on future breeding of this creature line.
¢ Differentiated Instruction:
o Support: Provide a hint about the mode of inheritance or label a few key genotypes on
the pedigree.
o Challenge: Add a "complication," such as incomplete information for one individual,
requiring a more nuanced probabilistic answer.

Week 3: The Molecular Basis of Inheritance

Learning Objectives:

¢ Describe the molecular structure of DNA and model its components.

¢ Explain and simulate the processes of DNA replication, transcription, and translation.

¢ Analyze how mutations in a DNA sequence can alter proteins and result in new traits.
e Connect the molecular processes to the macroscopic traits of their designed creature.

Day 1: The Blueprint of Life

¢ Title: DNA Structure

¢ Materials: Gummy bears/marshmallows (4 colors), licorice/twizzlers, toothpicks, OR an online
DNA modeling tool.

¢ Lesson Activities:

1. Warm-Up (10 min): "We've talked about 'genes' and 'alleles' as abstract ideas. But
what are they physically made of? Where are they in the cell?"

2. Instruction (15 min): Discuss the discovery of the double helix. Explain the
components: deoxyribose sugar, phosphate group, and nitrogenous bases (A, T, C, G).
Explain the base-pairing rule (A-T, C-G).

3. Hands-On Model (30 min): Mrvacupanda builds a model of a DNA segment using
candy. The licorice is the sugar-phosphate backbone, and the paired gummy bears (e.g.,
Red-Yellow, Green-Blue) are the base pairs held by toothpicks. They must build a
segment at least 10 base pairs long.

4. Assessment (5 min): Explain the concept of "antiparallel" using their model.

Day 2: Making a Copy

¢ Title: DNA Replication
¢ Materials: Candy DNA model from Day 1, extra candy pieces, paper, pen.
¢ Lesson Activities:

1. Warm-Up (5 min): "When a cell divides, how does the new cell get a complete copy of
the DNA blueprint?"

2. Instruction (20 min): Explain the semi-conservative model of DNA replication.
Introduce the key enzymes in simple terms: Helicase ("the unzipper") and DNA
Polymerase ("the builder").

3. Simulation (25 min): Use the candy model. "Unzip" the double helix down the middle.
Mrvacupanda then acts as DNA polymerase, using the extra candy pieces to build a new
complementary strand for each of the two original strands, resulting in two identical DNA
molecules.

4. Assessment (10 min): Draw a diagram of the process in the Geneticist's Log and write
a 2-3 sentence summary of why it's called "semi-conservative."

Day 3: From Code to Creature

¢ Title: Protein Synthesis: Transcription & Translation
¢ Materials: Geneticist's Log, a printable codon chart.
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¢ Lesson Activities:
1. Warm-Up (10 min): "The DNA code is 'stuck' in the nucleus, but proteins are built
outside the nucleus at the ribosomes. How does the message get out?"
2. Instruction (25 min): Explain the Central Dogma (DNA -> RNA -> Protein).
= Transcription: DNA is transcribed into messenger RNA (mRNA) in the nucleus.
Highlight the U for Uracil.
= Translation: mRNA travels to the ribosome, where transfer RNA (tRNA) brings the
correct amino acids based on the mRNA codons.
3. Game/Activity (20 min): "Decode the Trait." Give Mrvacupanda a short DNA sequence
for one of their creature's traits (e.qg., T-A-C-C-G-A-A-T-T...). They must:
1. Transcribe it into mMRNA.
2. Use a codon chart to translate the mRNA into a sequence of amino acids (you can
just have them write the names, e.g., "Met-Gly-Leu...").
4. Assessment (5 min): What is the difference between a codon and an anticodon?

Day 4: A Change in the Code

¢ Title: Mutations
e Materials: The DNA sequence and codon chart from Day 3.
¢ Lesson Activities:

1. Warm-Up (5 min): "What happens if there is a 'typo' in the DNA code during
replication?"

2. Instruction (20 min): Define mutation. Explain the main types: point mutations
(substitution, insertion, deletion) and their potential effects (silent, missense, nonsense,
frameshift).

3. Practical Application (30 min): Use the "Decode the Trait" DNA sequence from
yesterday. Mrvacupanda will introduce three different mutations:

1. A substitution that results in a silent mutation (codes for the same amino acid).

2. A substitution that results in a missense mutation (changes the amino acid).

3. An insertion or deletion that causes a frameshift mutation.
For each, they will write out the new amino acid sequence and describe the likely effect
on the creature's trait (e.g., "The frameshift likely creates a non-functional protein,
causing the creature to have no horns.").

4. Assessment (5 min): Which type of mutation do you think is most damaging? Why?

Day 5: Week 3 Project Workday

¢ Title: Building the Genetic Profile

¢ Materials: Geneticist's Log, computer/poster board, all notes from the past 3 weeks.

¢ Project Work Session (1 hour): This day is dedicated to working on the final "Creature
Genetic Profile" project. Mrvacupanda should focus on integrating the molecular concepts.

o Task 1 (30 min): Write out a hypothetical DNA sequence (approx. 30 base pairs) for the
dominant allele of one of their creature's traits. Then, show how a specific mutation in
that sequence could create the recessive allele.

o Task 2 (30 min): Transcribe and translate the dominant DNA sequence to show its
amino acid chain. Explain how the change in the recessive version would alter this chain
and, consequently, the physical trait.

o Teacher Role: Act as a consultant, answering questions and providing feedback.

Week 4: Biotechnology & The Final Project
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Learning Objectives:

Describe the basic principles of genetic engineering tools like CRISPR.

Analyze the potential applications and ethical implications of biotechnology.
Synthesize all learning from the unit into a comprehensive, creative final project.
e Communicate complex scientific concepts clearly and persuasively.

Day 1: Editing the Blueprint

¢ Title: Genetic Engineering & CRISPR

¢ Materials: Access to a short, engaging YouTube video explaining CRISPR (e.g., from
Kurzgesagt).

¢ Lesson Activities:

1. Warm-Up (5 min): "We know mutations can change DNA. What if we could change it on
purpose, precisely where we want?"

2. Instruction (25 min): Watch the video on CRISPR. Discuss it. Explain the basic concept:
a "guide RNA" finds the target DNA sequence, and a "Cas9 enzyme" acts like molecular
scissors to cut the DNA. Scientists can then delete the gene or insert a new one.

3. Application (25 min): Revisit the "Glimmer-Wing" creature's genetic disease from
Week 2. Mrvacupanda will brainstorm and write a proposal in their log: "How could we
use CRISPR to potentially cure this disease? What specific gene would we target? What
would we insert in its place?"

4. Assessment (5 min): What are the two key components of the CRISPR-Cas9 system
and what does each one do?

Day 2: Real-World Genetic Tech

o Title: Applications of Biotechnology
¢ Materials: Access to articles/infographics on GMOs and gene therapy.
¢ Lesson Activities:
1. Warm-Up (5 min): "Where do you see or hear about genetic technology in the real
world?"
2. Jigsaw Activity (40 min):
= Part 1 (20 min): Mrvacupanda researches Genetically Modified Organisms
(GMOs), focusing on one pro (e.g., golden rice with Vitamin A) and one con/concern
(e.g., potential impact on biodiversity).
= Part 2 (20 min): Mrvacupanda researches gene therapy, focusing on how it works
and one example of a disease it's used to treat (e.qg., sickle cell anemia, some
forms of blindness).
3. Synthesis (15 min): Create a Venn Diagram comparing and contrasting GMOs and
gene therapy.

Day 3: The Big Questions

¢ Title: Bioethics Debate
¢ Materials: List of ethical debate prompts.
¢ Lesson Activities:
1. Warm-Up (5 min): "Just because we *can* do something with technology, does that
mean we *should*?"
2. Ethical Corners Activity (40 min):

For each prompt below, Mrvacupanda will state if they Strongly Agree, Agree, Disagree,
or Strongly Disagree, and must provide a 2-3 sentence justification based on scientific
and ethical reasoning.

= "The Creature Keepers park should use CRISPR to eliminate all genetic diseases
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from its creatures, even if it reduces genetic diversity."
= "It is acceptable to genetically modify creatures to have more 'exciting' traits (like
glowing fur) to attract more visitors and funding for conservation."
= "Parents should be able to use genetic technology to choose their children's traits
(e.g., eye color, intelligence)."
3. Wrap-up (15 min): Discuss the justifications. The goal is not to find a "right" answer
but to practice reasoned argumentation.

Day 4: Final Project Work & Presentation Prep

¢ Title: The Creature Genetic Profile and Conservation Plan
e Materials: All project materials, presentation software or poster board.
¢ Final Project Work Session (1 hour): Mrvacupanda finalizes their project. The complete
profile should include:
o Cover Page: Creature Name and drawing.
o Trait Sheet: A list of all its genetic traits (Mendelian, co-dominant, sex-linked, etc.).
o Molecular Deep Dive: The DNA/RNA/protein sequence for one key trait, including a
mutated version.
o Pedigree Analysis: A family pedigree showing the inheritance of one interesting trait or
disease.
o Conservation & Ethics Plan: A 1-page memo proposing a breeding plan for the
creature that discusses both genetic goals (e.g., promoting a rare, healthy trait) and
ethical considerations (e.g., avoiding inbreeding, use of CRISPR).

Day 5: The Final Presentation & Unit Wrap-Up

e Title: The Lead Geneticist's Report
¢ Materials: Completed final project.
¢ Summative Performance Assessment (1 hour):

1. Presentation (20-30 min): Mrvacupanda presents their "Creature Genetic Profile and
Conservation Plan" to the "Park Board" (the teacher). They should clearly explain each
component, demonstrating mastery of the unit's concepts.

2. Q&A (10 min): The teacher asks clarifying and challenging questions based on the
presentation.

3. Unit Review Game (15 min): Play a quick round of "Genetics Jeopardy" with questions
from all four weeks to review key concepts in a fun, low-stakes way.

4. Final Reflection (5 min): Mrvacupanda writes a final entry in their log: "What was the
most interesting thing you learned? What part of being a geneticist seems most
challenging?"
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