When the Code Changes
Analysing real BRCA1 and BRCA2 gene variants to connect DNA structure, protein function, and cancer risk
	Lesson Overview

	Description
	This lesson uses 30 real variants from the BRCA Exchange - a publicly accessible database of classified BRCA1 and BRCA2 gene variants curated by an international consortium of researchers - to answer the three essential questions through genuine clinical data. Students classify variants by mutation type (silent, missense, nonsense, frameshift, splice site), connect each type to its effect on the protein, and analyse patterns between mutation type and clinical classification. The lesson culminates in a CER argument explaining why different DNA changes have different consequences for protein function and cancer risk.

	Subject Area(s)
	Science Mathematics


	Grade Band(s)
	9-1011-12



	Learning Progression Alignment

	Strand
	C - Analysis and Modeling Techniques

	Substrand
	C3 - Variability in Data

	Concept
	Concept C.3.3 — Understanding sources of variability — Recognize measurement errors and natural variability in data. Assess data quality, identify outliers, and refine models using statistical and contextual analysis.
· 9-10.C.3.3a: Consider variability as a key component of informal inference by questioning whether observed differences are meaningful or not.
· 9-10.C.3.3b: Identify categorical options for measuring "best" fit from data points to provided estimates.
· 9-10.C.3.3c: Consider both context and the characteristics/source of a dataset to determine how "messy" a dataset may be due to measurement error.
· 9-10.C.3.3d: Use errors to improve the AI and/or machine learning model.
· 11-12.C.3.3a: Estimate and describe errors between predictions and actual outcomes.
· 11-12.C.3.3b: Analyze error patterns to assess model performance.
· 11-12.C.3.3c: Use insights from error analysis to improve the model.

	Academic Standards
	· NGSS HS-LS1-1 (structure and function)
· HS-LS3-1 (inheritance and variation)
· HS-LS3-2 (mutations)
· AP Biology 3.A.1, 3.C.1, 3.C.2



	Tool(s)

	Type
	

	Tool
	CODAP https://codap.concord.org/beta#shared=https%3A%2F%2Fcfm-shared.concord.org%2Fwz1yVWa2ig8FClSwVMeM%2Ffile.json 




	Lesson Materials

	Dataset
	BRCA Exchange — bracaexchange.org  (clinical variant database)
Human Protein Atlas — proteinatlas.org  (protein expression database)
GeneCards — genecards.org  (gene summary database)
CODAP BRCA file 
Brca_classroom_variants (Dataset)

	Datasheet
	CODAP File for lesson: https://codap.concord.org/beta#shared=https%3A%2F%2Fcfm-shared.concord.org%2Fwz1yVWa2ig8FClSwVMeM%2Ffile.json 

	Student Document(s) & File(s)
	Student Materials HS Biology - Genetic Mutations

	Teacher Document(s) & File(s)
	· Teacher Key HS Biology - Genetic Mutation.docx
· Brca_classroom_variants (Dataset)
· 
· DNA-damage repair; the good, the bad, and the ugly - PMC
· DNA repair - Wikipedia
· Mechanisms of DNA Damage and Repair



[bookmark: _31j5f72wznfx]
	Lesson Plan

	Lesson Focus
	By the end of this lesson, students will use real clinical variant data from the BRCA Exchange database to predict how specific BRCA1 mutations affect protein structure and function, explaining why some DNA changes are harmful while others are not, and constructing the full chain of reasoning from a single base change to uncontrolled cell division.

	Content Objective(s)
	Students will be able to:
· classify BRCA variants by mutation type
· explain the molecular mechanism by which each type affects protein function
· analyse patterns between mutation type and clinical classification
· argue from data about how DNA changes cause disease

	Prerequisite Knowledge & Skills
	Here are the definitions of the four DNA bases:
· Adenine (A): A purine base that pairs specifically with thymine (T) in DNA, providing one of the two hydrogen bonds that hold the DNA double helix together.
· Thymine (T): A pyrimidine base that pairs only with adenine (A) in DNA, forming two hydrogen bonds. It is replaced by uracil in RNA.
· Guanine (G): A purine base that pairs specifically with cytosine (C) in DNA, forming three hydrogen bonds, which creates a stronger bond than A-T pairs.
· Cytosine (C): A pyrimidine base that pairs only with guanine (G) in DNA
· Deoxyribonucleic Acid
· Understanding of DNA structure -  students should know that DNA is a double helix made of nucleotide base pairs (A-T, G-C), that the sequence of bases carries genetic information, and that DNA is organised into chromosomes in the cell nucleus.
· Basic understanding of the central dogma - students should know  that DNA is transcribed into mRNA and mRNA is translated into protein. 
· Students should know that mRNA is read in triplets, that each codon specifies an amino acid, and that stop codons terminate translation. 
· Basic understanding of proteins and their functions. 
· Students should know that mutations are changes to the DNA sequence and that they can be inherited or acquired. 
· Students should know that cancer involves cells dividing without normal regulation, and that both genetic and environmental factors can contribute. 

	Lesson Details

	Lesson Hook & Warm-up

10mins
	Student Facing:
· Your teacher will write a sentence on the board. 
· Read the sentence.
· Answer the questions the teacher is asking you.
· Notice the differences and changes.

	
	Teacher Facing:
· Write this sentence on the board:
· "The big red dog ran far and bit the fat cat."
· Then write this below it:
· "The big rad dog ran far and bit the fat cat."

· Ask students what changed. One letter. Ask: does that matter? Probably not — you can still read it.
·  Now write:
· "The big red dog ran STOP"

· Ask: does that matter? Everything after STOP is gone.
·  Now write:
· "Theb igr edd ogr anf ara ndb itt hef atc at."
· Ask: can you read that? 
· No,  the spaces shifted and the whole sentence became nonsense. Tell students they just saw a silent mutation, a nonsense mutation, and a frameshift mutation,  and that today they will analyse real data showing what happens to human cancer risk when each of those changes occurs in a gene called BRCA1.

	Activity 1

15 mins
	Student Facing:
· Answer questions in Section 1 and 2.


	
	Teacher Facing:
· Walk around and help students if they need help with the questions.


	Activity 2

20 mins
	Student Facing:
· Use the data set and create the graph in CODAP.
·  Answer questions Q4 and Q5.
· Continue with answering the analysis questions in Section 5: CODAP Analysis Questions.

	
	Teacher Facing:
· Help students create the graphs and answer the questions.

	Lesson Synthesis

20 mins
	Student Facing:
· Complete the analysis questions in Section 6. 

	
	Teacher Facing:
· Students may complete the analysis question in Section 6 in a group or individually.

	Closing Activity 

10 mins
	Student Facing:
· Using the information you discovered
· Write a CER that answers the guiding questions: 
· How does the structure of DNA determine the structure and function of BRCA proteins? 
· How do different types of DNA changes lead to different effects on organisms?

	
	Teacher Facing:
· Guide students to create a CER to answer the guiding questions.

	Student Follow Up & Practice
	
· Building DNA Virtual Lab | ExploreLearning Gizmos 
· From DNA Mutations to Protein Structure – Connected Biology Have students review what DNA sequencing looks like using the Gizmos information or the Connected Biology. You can still use this information if you do not have a subscription.
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