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Concept Review

• Gene
• Alleles
• Genotype
• Protein
• Translation
• Phenotype
• Mutations (i.e. SNPs)

1



What is a Genetic Disease?

Definition: A disease attributed to an abnormality in one’s genome.

Genetic Diseases may be:

• Monogenic: caused by a single gene
• Polygenic: caused by multiple genes

Prominent Examples we will discuss:

• Sickle Cell Disease (Anemia)
• Huntington’s Disease
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What is the cause of Genetic Disease?

Definition: A disease attributed to an abnormality in one’s genome.

But... What does that mean?

Example: Hemoglobin β Chain (i.e. β-globin)

Fragment of β-globin DNA Sequence
5'- GTG - CAC - CTC - ACT - CCT - GAA - GAG -3'

Associated Amino Acid (i.e. Protein) sequence
Val - His - Leu - Thr - Pro - Glu - Glu
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What is the cause of Genetic Disease?

Definition: A disease attributed to an abnormality in one’s genome.

But... What does that mean?

Example: Hemoglobin β Chain (i.e. β-globin)

Fragment of β-globin DNA Sequence
5'- GTG - CAC - CTC - ACT - CCT - GTA - GAG -3'

Associated Amino Acid (i.e. Protein) sequence
Val - His - Leu - Thr - Pro - Val - Glu

4



What is the cause of Genetic Disease?

This single mutation (or SNP) in β-globin is the cause of Sickle Cell
Disease.
Note: β-globin is comprised of 147 amino acids (i.e. 441 nucleotides).

Image adapted from: https://www.nhlbi.nih.gov/health/health-topics/topics/sca
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How do we connect students to these concepts?

• Personalize the examples
• In fun and safe ways
• Example: Ability to taste
Phenylthiocarbamide (PTC)

• This is sometimes difficult
• Many sensitive topics
• Especially genetic diseases

• Many free resources
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Genetic Disease Resource
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Classrom Activity Resource
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Activity on the Cause of Genetic Disease
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The Challenges of Genetic Diseases

What are some of the major challenges posed by genetic diseases?

• May be caused by small changes to the genome
• Human Genome: 3.2Gbp (i.e. 3.2 billion nucleotides)

• Disease variants may be caused by different mutations or genes
• May be caused by multiple genes

• And potentially by multiple gene combinations

• The causative gene(s) may be completely unknown
• Human Genes (protein-coding): 20,310

Question: How do we identify the mutations (SNPs) that associate
with a genetic disease?
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How do we identify these disease-associated SNPs?

In the Past - ”Classic” Methods
In the Present - Bioinformatic

Methods
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In the Past - ”Classic” Methods

Prior to the availability of genomes, the identification of these SNPs
required a combination of:

• A detailed pedigree of a family (or families) with the genetic
disease in question

• Identify individuals homozygous for the genetic disease

• The creation of linkage maps (with known markers)
• To locate the locus housing the SNPs

Example: This approach was used to understand the genetics of
Huntington’s Disease
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In the Present - Bioinformatic Methods

Following the release of a genome, the techniques used in the
identification of disease-associated SNPs changed greatly:

• Obtain sequence information from individuals with the genetic
disease

• SNP Chips/Arrays
• Collection of sites known to be polymorphic

• Genome sequencing

• Association study
• Simple SNP-based genetic linkage
• Genome-wide association study (GWAS)
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Genome-wide association study (GWAS)

Definition: GWAS compares the DNA sequence of individuals with
various phenotypes for a trait or disease of interest.

• Used for mapping complex
(polygenic) traits or diseases

• Used to identify SNPs within the
genome that are associated with a
trait or disease

• Only an association, cannot directly
identify the causative gene(s).

• Due to the polygenic nature of the
trait or disease, SNPs usually only
have a small effect
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GWAS Basics

How is a GWAS performed?

• Sequence two groups: Case and Control
• Compare DNA sequence of the two groups

• Allele Counts
• Genotype Counts

• Use the counts to check for possible association
• Correct for multiple testing
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Lets break down what that all means
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Lets break down what that all means

10. Normal T: 4, C: 0. Mutant T: 1, C: 2
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Lets break down what that all means

15. Normal A: 2, T: 2. Mutant A: 2, T: 1
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Lets break down what that all means

250. Normal C: 4, G: 0. Mutant C: 0, G: 3
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Activity on Genome-wide association study (GWAS)
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Activity Genome-wide association study (GWAS)
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Activity Genome-wide association study (GWAS)
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Bioinformatics Example

Our GWAS identified two SNPs that are highly correlated with sickle
cell disease.

How can we use this information to better understand the cause of
sickle cell disease?
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How do we know if a difference is by chance

It might be possible that the differences we observed are due to
random chance.

Is there a way to support our claim of association?

Couple methods: Chi2 and Fisher’s Exact Test
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Impact of GWAS (and other methods)

Scientists have successfully used GWAS (and other methods) to
identify numerous disease-associated SNPs within the genome.
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Perspective

Question: How might the study of genetic diseases change in the
near-future?

Advances, new technologies, and new analyses often bring change

• Cost of sequencing and advances in computing
• Allows for large-scale analyses with higher resolution
• UK10K

• CRISPR-CAS9
• A bacterial immune defense from foreign genetic elements
• Genome editing technology
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Coding Activity

We will be exploring how to write a script to compare SNPs between
control and case groups.
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