
Mutations: "Changes in the genetic material of a cell (or virus)" -Campbell et al.
Russell suggested "a mutation is a heritable alteration in the genetic material"-
Not accepted as not all mutations are heritable e.g. cancer in the soma, not 
germ line

-

Background mutation (spontaneous)- very low rate
3 new mutations per 108 base pairs per generation-
200 new mutations in each human child-
20 billion new mutations per year in world population-

Origin: Replication/repair errors
             DNA damaging agents
             Ionizing radiation

Gene-related sequence: an area of a gene that was once active but is now inactive

DNA damage - repair = net mutation
Increase mutation = increase damage or decrease repair-

Germline: 1 cell
Passed on-
Low mutation rate (-200/gen)-

Soma: Genetic dead-end
Disposable to natural selection-
Higher mutation rate-

UV light damage: Causes thymine dimers (T-T)
Lead to frame-shift mutations if not repaired•
Bright sunlight- each skin cell suffers 50-100 new T-T dimers every second = 
overwhelms repairs => mutations

•

Xeroderma pigmentosum
Mutations in genes for Excision Repair Machinery•
Extreme sensitivity to UV light•
Exposure = basal cell carcinoma•
                     metastatic malignant melanoma
                     Squamous cell carcinoma
Inherited•
Recessive•
Affects 1/250,000•

Induced mutation: Dramatically increase mutation rate to >100 fold spontaneous 
rate

Chemical mutagens/radiation- damage DNAw
ALL can cause cancerw

Chemical mutagen
Mutagen Example Type of mutation

Base modifiers EMS Point mutation

Base analogues 5BU Point mutation

Intercalating agents Acridine dyes Frameshift

Affected regions- most random mutations in unimportant regions
Between genes-
Between exons-
Most are silent (even if homozygous)-

Important parts that MAY be affected: - Key functional residues (e.g. protein coding 
region)

Regulatory regions (gene expression/translation)-

Point mutations
Silent: codon changed but amino acid doesn't
Nonsense: codon changed to a stop codon
Missense: codon changed to different amino acid

Conservative missense- amino acid changes but properties stay the same-
Non-conservative- amino acid changes and properties change-

Frameshift:
Insertion/deletion of a base causes a shift in where the codons are read- can 
cause missense or nonsense

→

Number of base pairs inserted/deleted may have different consequences 
downstream

→

Recessive mutations
Creates carriers→
Only way for new recessive mutation to affect phenotype = brother-sister 
inbreeding

→

Rare recessive mutations need inbreeding to ever affect phenotype: high 
incidence in isolated communities e.g. Ashkenazi Jews, Finnish

→

On average- all carry 1-2 recessive lethals→

Four biochemically-related conditions (humans)
Albinism1.
Alkaptonuria2.
Cretinism3.
Phenylketonuria4.

Albinism
Mutant tyrosinase enzyme unable to convert tyrosine to melanin•
1/17,000 births•
No melanin in skin, hair, retinas•
Susceptible to UV damage •
4 genes responsible for tyrosine conversion•
OCA1: tyrosinase enzyme = severe albinism•
OCA2: P Protein (helper) = mild albinism•
OCA3: Tyrosine-related gene (v. rare) = weak albinism•
OCA4: SLC45A2 Protein (helper) = mild albinism•
There are several other albinism-like syndromes e.g. Hermansky-Pudlak 
Syndrome

•

Alkaptonuria
First human "Mendelian" disorder•
Gene on chromosome 3- homogentisate 1,2-dioxygenase•
Mutants cannot convert homogentisic acid to maleylacetoacetic acid•
Homogentisic acid- black, expelled in urine•

Phenylketonuria
High levels of phenylpyruvic acid•
Progressive brain dysfunction•
Mutation on phenylalanine hyrdoxylase gene•
Treat: test at birth- low phenylalanine diet•

Phenotype: the outward physical manifestation of the organism. These are the 
physical parts e.g. cells, structures, tissues, organs, reflexes and behaviours

E.g. blue eyes, height-
Genotype: The internally coded, inheritable information carried by all living 
organisms- DNA

Stored information used as a blueprint for phenotype-

Heterozygote with mutant allele
X+ = wild type               X- = mutant
Wild-type: X- is recessive to X+
Mutant: X- is dominant to X+

Complete dominance X-/X--
Rules of thumb

Think from mutant allele's point of view1.
Genes make gene products- gene products affect phenotype2.
Most recessive mutations are loss-of-function (most loss-of-function 
mutations are recessive)

3.

Most genes = one functioning allele needed for WT phenotype-
Most dominant mutations are gain-of-function (most gain-of-function 
mutations are dominant)

4.

>95% mutations are recessive•
Easier to damage something than to make it work better•

Dominance matters:
Evolution- affects how mutation behaves in population (can natural selection 
affect heterozygotes?)

1.

Gene therapy- gene treatment strategies are opposites for recessive and 
dominant

2.

Informs biology3.
Some recessive could be lethal4.

Two types of gain-of-function
More of a "normal" function1)
New function2)

FGFR3 gene
Fibroplast Growth Factor Receptor 3-
Transmembrane protein kinase-
When active = slows/inhibits limb growth-

Achondroplasia
Gain of a normal function mutation▪
1/20,000 births▪
Autosomal dominant- most common form of dwarfism▪
99% cases are 1 of 2 point mutations in FGFR3▪
Stunts limb growth-
FGFR3 locked in active state-
80% de novo▪
Two heterozygous parents- normal: affected children = 1:2 (heterozygous 
recessive never born)

▪

Huntington's Disease
Gain of abnormal function▪
Autosomal dominant▪
1/10,000 people▪
HDD1- progressive neurodegeneration▪
Too many glutamine in Huntintin protein (neurotoxin) = unstable▪
Symptoms: onset 30s-50s▪
Loss of limb control-
Mortality- 10-15 years after first symptoms-
Carriers have phenotype-
Does not skip generations-
Gets worse each generation-

Genome sequence
Genes encode mRNA + non-coding RNA, ncRNA (not code for proteins but still 
codes for RNA that does stuff)

•

Human genome- one example = reference genome (not largest genome)•
Spotting a protein-encoding gene:

Look at sequence- predict exons, ORFs- start-stop codon, use homology1)
Look for mRNA- transcriptomics2)
Look for protein- proteomics3)

Spotting ncRNA:
Look at sequence- predict exons, use homology1.
Look for RNA- transcriptomics2.

Human genome
3235Mb-
1.5% exons-
35.6% Pseudogenes, gene fragments, introns-

Homologous genes- have sequence similarity i.e. high identity

Orthologs
By common descent: probably the same function/role→
Study role in one species (ethically allowed) and infer role in another species→
Most conserved = most helpful→
E.g. yeast mutant CDC2 gene can be replaced by human CDC1 gene and work→

Paralogs
Made by duplication→
Probably diverged function/role→

Human Genome orthologs
20,000 protein-encoding genes◊
Orthologs: Mouse 98%◊
                    Fly 70-80%
                    Worm 60-70%
                    Yeast 30-40%

Variation between people
99.5% the same◊
Study: use micro + minisatellites (used in forensics)◊
Typically 3-12 bp◊

Indels: insertions/deletions
Can be very small, 1bp, 2bps…-
Cause frameshift etc. -
Can affect Open Reading Frame (ORF) = affect protein product-
Most silent- outside genes, in introns-

Copy Number Variants (CNVs)
Variation in number of segment of a chromosome-
500-1 million base pairs -
Private: ~200 de novo point mutations-
Fairly common: allele frequency <1% = variant-
Very common: allele frequency >1% = polymorphism-
Typically 2 versions at locus-

SNPs: Single nucleotide polymorphisms
Rare SNPs: between 1% and 4.9% allele frequency-
Common SNPs : 5% allele frequency-
Surprisingly common- every 1000bps-
Can affect protein product, ncRNA, regulatory regions-
Most silent-

Hardy-Weinberg Principle/Equilibrium
p + q = 1

p2 + 2pq + q2 = 1
Predicts allele + genotype frequencies in population will remain constant from 
one generation to another = no evolution

-

Assumes: no inbreeding-
                 infinite population
                 no natural selection
                 random mating
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