CRISPR Detective Mission (Applications) Teacher’s Guide

This guide helps you teach grade 10 students about genetic mutations, the flow of genetic
information, and how gene-editing tools such as CRISPR/Cas9 alter protein function. This
resource uses up-to-date scientific literature and clear pedagogical strategies.

1. Core Concepts in Genetics
The Central Concept

e Transcription: The process where a gene’s DNA sequence is copied into messenger
RNA (mRNA). The enzyme RNA polymerase reads the DNA and synthesises an mRNA
strand in the nucleus.

e Translation: The next step, where the mRNA moves to a ribosome, and its sequence is
decoded into a chain of amino acids—the building blocks of proteins.

e Codon: A set of three RNA bases (nucleotides) that together specify a particular amino
acid. For example, the codon AUG codes for methionine.

e Genetic Code: The set of rules by which mRNA codons are translated into amino acids.
There are 64 possible codons; 61 for amino acids, and 3 that act as signals to stop
translation.

e Start Codon (AUG): This codon signals the ribosome where to begin translating the
mRNA, and it always codes for the amino acid methionine.

e Stop Codons (UAA, UAG, UGA): These codons signal the end of translation. When a
ribosome encounters a stop codon, the protein chain is released, ending synthesis.

Teaching Tip: Show students a codon table and have them practice decoding mRNA sequences
into amino acids (See the attached below).
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2. Types of Mutations and Their Effects

Mutation Types

Missense Mutation: Changes one DNA base - one amino acid is replaced with another.

This can subtly or drastically alter protein function.

Nonsense Mutation: Changes a DNA base to create a stop codon where one shouldn’t
be. This leads to premature protein truncation—the protein ends early, often

destroying its function.

Frameshift Mutation: An insertion/deletion not in multiples of three, altering the
reading frame, which scrambles all downstream amino acids.

Deletion/Insertion: Removes or adds nucleotides; may cause a frameshift or just one

extra/missing amino acid.

Duplication: Copies part of the genetic code, potentially amplifying certain protein

domains.

Protein Truncation by Stop Codon

1 Image source - https://www.wizeprep.com/practice-questions/85665

third letter



e Proteins are made according to a continuous genetic code. When a mutation creates a
premature stop codon (nonsense mutation), translation halts early, producing a
shortened and almost always nonfunctional protein.

e Many genetic diseases are caused by this effect: e.g., Duchenne muscular dystrophy,
certain cystic fibrosis forms.

Mnemonic: "Stop the bus early, passengers left behind." — Most of the protein is missing after
a premature stop.

3. How CRISPR/Cas Creates Mutations
CRISPR/Cas Gene Editing

e CRISPR/Cas9 is a molecular tool that can be programmed to cut a gene at a specific
location.
o The “scissors” (Cas9 enzyme) and a “guide RNA” lead the enzyme to the target
DNA.

e After a cut, the cell repairs the DNA with one of the following methods:

1. Non-homologous end joining (NHEJ): Often makes mistakes, causing small insertions or
deletions ("indels").

- These can create frameshift mutations, possibly leading to a stop codon and protein
truncation.

2. Homology-directed repair (HDR): Can insert a desired sequence if a template is
provided—used for precise edits.

Changing Protein Function
By using CRISPR/Cas, scientists can:

e Knock out a gene: E.g., cause a frameshift or stop codon that fully inactivates protein
production.

e Edit a gene: Swap a disease-causing base (missense/nonsense) for a healthy one.

¢ Fine-tune function: Change regulatory regions to increase or decrease expression.

Learning Intentions
Students will understand how CRISPR can edit specific DNA sequences to change plant traits,
using tomatoes as a real-world example.



Success Criteria

Students can:

- Compare wild-type vs edited tomato DNA sequences

- Identify the DNA cut site for CRISPR/Cas9

- Explain how the edit changes a trait (e.g., taste / shelf life / colour)

Lesson Flow (45 minutes)

E] Engage (5 min)
Goal: Spark curiosity about natural trait variation.

¢ Show a range of tomato types (image or real specimens).

¢ Ask students to observe and compare visible traits such as colour, size, shape,
firmness, pattern, or ribbing.

e Prompt: “Why do you think tomatoes can look so different even though they are
the same species?”

Explain the concept of nature versus nurture, highlighting how both genetic makeup
(nature) and environmental influences or human choices (nurture) shape the traits of
living organisms. Use tomatoes as an example: natural variation and generations of
selective breeding by farmers have produced many different tomato varieties with
desirable traits such as size, colour, and flavour. However, selective breeding is slow and
limited by what already exists in nature. Some traits require precise genetic changes that
cannot easily arise through natural mutation or traditional breeding. This is where tools
like CRISPR become important—allowing targeted, accurate edits to introduce or
improve traits in ways that are faster and more precise.

@ Build Understanding — Quick Recap (Slides — 5 min)

o Briefly revise gene expression (DNA -> RNA -> Protein) using slide visuals.
¢ Introduce Detective Mutation Vocabulary — students will act as DNA detectives
looking for clues in sequences.

(3] Explore - DNA Comparison Activity (15 min)

e Step 1 — As the teacher displays the WT (wild-type) sequences on the
screen/board, students rewrite the edited sequence independently using
CRISPR clues for the given 3 gene sequences. This can be done group-wise by
assigning one gene to each group, or by having multiple groups work on the
same sequence and then agree on one final answer before sharing with the
class.



e Step 2 — Provide printed and cut DNA strips. (Strips are provided at the end of
this document.)

o Step 3 — Students align WT vs edited strips, locate edits, and translate codons
into amino acids to determine possible protein effects.

PAM = yellow
gRNA =red

e Step 4 — ask students to identify the mutation event (insertion, deletion,
substitution), and mutation type (silent, missense, nonsense, frameshift) using
the genetic code chart. Then let them predict the potential impact on protein
function. Remind them to understand where the edit occurred relative to the
PAM site (NGG) and gRNA binding region, as location can significantly influence
the outcome.

e Smart Tip - To save time and maintain workflow, allow students to complete the
full analysis first, and then discuss the accuracy of their independently written
edited sequences, mutation classification, and protein predictions together at
the end of the activity, rather than pausing after each step.

NB: Sequences are presented in the 5’-to-3’ orientation throughout this document.
E] Explain (15 min)

e Invite each group to share their interpretation in front of the classroom.

o Display and discuss the answer slide, addressing misconceptions and guiding

corrections.
e Reinforce concept of genotype - protein - phenotype logic.

(5] Extend (2 min) — Responsible Editing
Key message: CRISPR is powerful and must be applied ethically and responsibly.
Acknowledge briefly:

o Safety & unintended effects

e Equity & food access

e Biodiversity protection

e Transparency & community consent

Prompt: “Just because we can edit, does it mean we always should?”



E] Reflect (3 min) — Exit Ticket

Students respond to:

“If you could edit a tomato, what would you change?”
Examples:

¢ Longer shelf-life

e Richer flavour

¢ Higher vitamin content

e Better drought tolerance

Collect sticky-notes or invite quick discussions.

Materials

- Printed DNA strips (WT vs CRISPR edit)

- Highlighters + scissors

- Tomato pictures or demo fruit or real fruits from the supermarket
- Whiteboard/projector

Teacher Prompts

- Where did the edit happen?

- Did CRISPR add, delete, or swap a base?
- How does this change the tomato’s trait?
- Why might farmers want this trait?
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