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Lecture	Outline

•Causes	of	Mutations

•Types	of	Mutations

•Consequences	of	Mutations
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Learning	Objectives:
At the end of this lecture, the student is expected to

• Know what mutations are

• Know the causes of Mutations

• Know the different types of mutations and their clinical

relevance

• Appreciate the biological and clinical significance of

Mutations
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Synopsis		
• Mutations are permanent changes in the primary nucleotide
sequence of DNA regardless of its functional significance.

• Mutations are the bases of genetic diseases.

• They occur spontaneously during cell division or are caused by
mutagens such as radiation, viruses, & chemicals.

• Can occur in germ line cells (sperm or oocytes) or in somatic cells or
during embryogenesis.

• Germline mutations can be passed from one generation to the next
& thus cause inherited disease.

• Somatic mutations do not cause hereditary disease but they may
cause cancer & some congenital malformations.
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5. WE ARE ALL MUTANTS: HOW MUTATION ALTERS FUNCTION

II. HOW GENES FUNCTION

146

plant would continue to breed true. We can fol-
low the transmission of a trait from one gen-
eration to the next because in most cases the 
information being transmitted is stable and 
passes in unchanged form. But very rarely 
the information changes, and once changed 
the new version of the information thereafter 
passes along in a stable and heritable fashion.

There are a variety of different terms used 
when we talk about changes in the DNA 
sequence and not everyone uses these terms 
in the same way. The term sequence variant is 
the most neutral term for changes in the DNA 
sequence. It implies nothing about allele fre-
quencies or causation. In some cases we may 
use more specific terms that will be discussed 
in this chapter, terms that also imply nothing 
about whether or not the change is causative and  
results in the phenotype. Sequence variants may 
also be referred to using terms such as single 
nucleotide polymorphisms (SNPs) that change 
only one base of the DNA sequence. The term 
mutation also refers to the molecular process 
that alters the information. Mutate is the verb 
used to describe the action of changing the DNA 
sequence, but we will sometimes use other terms 
to describe specific actions that result in a muta-
tion, terms like alter, substitute, insert, or delete.

Some terms for sequence variants have defi-
nitions that have been formalized by some 
branches of the field of genetics. In other cases 
the terms are in common usage for situations 
that are not covered by the formal definitions 

(Table 5.1). Formally, a mutation is any change 
in the sequence, without regard to whether or 
not it is causing a phenotypic change, but there 
are many papers in the literature that use the 
term mutation to specify only those sequence 
variants that cause a phenotypic change. 
Formally, a polymorphism is any sequence vari-
ant present in more than 1% of a population, 
but many papers in the literature use the term 
for any sequence change without regard to fre-
quency; some papers reserve the term to specify 
only those sequence variants that are known to 
be non-causative. Proper usage in cases where 
the sequence variant does not cause a pheno-
typic change would be “benign polymorphism.”

Because these different definitions are in regu-
lar usage it is important to take note of the defi-
nition being used when reading books or papers 
that use the terms mutation and polymorphism. 
Often the authors of whatever you are reading 
will not state the definition they are using, so it 
is important to look at the way the term is being 
used and the information that accompanies the 
term to tell which definition is being employed. 
It is also important to be careful how you your-
self use or define these terms when you are 
using them. Remember that the term sequence 
variant will always be the most neutral, imply-
ing nothing about causation or allele frequency.

A human mutation takes the form of a dif-
ference in the sequence of the DNA. Most of 
the mutations are on the chromosomes that are 
located in the nucleus, since the vast majority 

TABLE 5.1 Alternative definitions for mutation and polymorphism

Mutation Polymorphism

Formal definition Any DNA sequence change, without regard to 
whether it has functional consequences
OR
The process by which a DNA sequence is altered

Any sequence variant present at 
a frequency of 1% or higher in a 
population, whether or not it has 
functional consequences

Other common usage A DNA change that has functional consequences,  
i.e., a change that causes a phenotype

Benign sequence variants (those that 
do not affect phenotype) even if the 
frequency is unknown or less than 1%



Causes	of	Mutations
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very different, and generally non-functional, polypeptide would 
be synthesized.

The Role of Ribosomes
Ribosomes serve as the sites of translation; their structure 
facilitates the joining of one amino acid to another. A ribo-
some brings each amino acid into a favorable position so 
that an enzyme can catalyze the formation of a peptide bond 
between them. It also helps to identify key punctuation 

sequences on the mRNA molecule, such as the point at which 
protein synthesis should be initiated. The ribosome moves 
along the mRNA in the 5„ to 3„ direction, “presenting” each 
codon in a sequential order for deciphering, while maintaining 
the correct reading frame.
 A prokaryotic ribosome is composed of a 30S subunit 
and a 50S subunit, each made up of protein and rRNA (figure 
7.12); the “S” stands for Svedberg unit, which is a measure of 
size. Some of the ribosomal components are important in other 

TABLE 7.3    Components of Translation in Bacteria

Component Comments
Anticodon Sequence of three nucleotides in a tRNA molecule that is complementary to a particular codon in mRNA. The 

anticodon allows the tRNA to recognize and bind to the appropriate codon.

mRNA Type of RNA molecule that contains the genetic information deciphered during translation.

Polyribosome (polysome) Multiple ribosomes attached to a single mRNA molecule.

Reading frame Grouping of a stretch of nucleotides into sequential triplets; an mRNA molecule has three reading frames, but only 
one is typically used in translation.

Ribosome Structure that facilitates the joining of amino acids during the process of translation; composed of protein and 
ribosomal RNA. The prokaryotic ribosome (70S) consists of a 30S and 50S subunit.

Ribosome-binding site Sequence of nucleotides in mRNA to which a ribosome binds; the first time the codon for methionine (AUG) 
appears after that site, translation generally begins.

rRNA Type of RNA molecule present in ribosomes.

Start codon Codon at which translation is initiated; it is typically the first AUG after a ribosome-binding site.

Stop codon Codon that terminates translation, signaling the end of the protein; there are three stop codons.

tRNA Type of RNA molecule that act as keys that interpret the genetic code; each tRNA molecule carries a specific 
amino acid.

FIGURE 7.10 The Genetic Code The genetic code 
correlates each  series of three nucleotides, a codon, with 
one amino acid. Three of the  codons do not code for an 
amino acid and instead serve as a stop codon, terminating 
translation. AUG functions as a start codon.
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Classifications	of	Mutations
• Mutations can be classified into the following three

categories based on the extent of the genetic damage:

• Genome Mutation

• Chromosomal Mutation

• Gene Mutation
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Genome	Mutations
• Are due to chromosome mis-segregation.

• Are gain or loss of one or more or whole chromosomes.

• Are exemplified by aneuploidy & polyploidy.

• Are often incompatible with survival.

Monday, May 16, 2022 9Ephraim Zulu - GENETICS



Chromosome	Mutations
• Are due to rearrangement of genetic material in a

chromosome which results in structural changes in the

chromosome.

• Are exemplified by translocations.

• Are infrequently transmitted because most are

incompatible with survival
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Gene	Mutations
• Cause most of the hereditary diseases.

• May affect a single base (more common) or they may
affect a larger portion of a gene.

• Have the following types:

• 1. Point Mutations

• 2. Frame shift mutations

• 3. Expansions of repeat sequences

• 4. Unequal Crossing over
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Point	Mutations
• Are also called Single-base substitutions Mutations

• Are the substitution of one base for another.

• If one purine [A or G] or pyrimidine [C or T] is

replaced by the other, the substitution is called a

transition.

• If a purine is replaced by a pyrimidine or vice versa,

the substitution is called a transversion.
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Point	Mutations..,
• Point mutations includes the following types:-

• 1. Silent mutations

• 2. Missense mutations

• 3. Nonsense mutations

• 4. Neutral Mutations
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Silent	Mutation
• Silent Mutation is a point mutation where a change in one base

result in a codon which codes for the same amino acid in the

protein.

• This is due to the redundancy of the genetic code, i.e. for each of

the 20 amino acids; there is more than one codon from the 64

codons formed by the four nucleotide bases.

• For example, the change of the codon UUU which codes for

phenylalanine to UUC (i.e. the replacement of U by C) is a silent

mutation because the new codon (UUC) also codes the same

amino acid (phenylalanine).
Monday, May 16, 2022 15Ephraim Zulu - GENETICS



Silent	Mutation.,
• Such mutations are said to be silent (or synonymous) because

they cause no change in their product and cannot be detected

without sequencing the gene (or its mRNA).

• Therefore, the character of the protein would not change and

nothing results but there are proteins formed by DNA sequence

that are variable among individuals although the protein is the

same.

• This variation forms the bases for DNA finger printing used to

identify individuals like the original finger prints.
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Missense	Mutations
• A Missense Mutation Changes the codon for one amino
acid to the codon for another amino acid.

• Is exemplified by the mutation which causes sickle cell
anemia.

• The replacement of A by T at the 17th nucleotide of the
gene for the beta chain of hemoglobin changes the codon
GAG (for glutamic acid) to GTG (which encodes valine).

• Thus the 6th amino acid in the chain becomes valine

instead of glutamic acid.
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Non-sense	Mutation
• A Non-sense Mutation Changes the codon for an amino acid to a stop

codon, leading to termination of translation of the mRNA transcript & a

truncated protein.

• Is exemplified by the mutation which causes β – thalassemia.

• In this, a substitution of U for C in the codon 39 of the β globin chain of

hemoglobin (i.e. the change of CAG to UAG) converts the codon for glutamine

to a stop codon.

• This results in premature termination of the β globin gene translation. i.e.

protein synthesis stops at the 38th amino acid. This results in short peptide

which is rapidly degraded leading to the absence of β-globin chains. This

leads to βo – thalassemia.
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Neutral	Mutation

• A Neutral Mutation changes the codon for one amino

acid to the codon for another amino acid and the new

codon codes for another amino acid that is physically and

chemically similar (not identical) to the normal one

• The function of the new polypeptide chain is unaffected

• Produces no disease state.
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Frameshift	Mutations
• AKA Additional / deletion mutations:

• Addition or deletion of one single base ( or more than

one nucleotide base) cause a gain or loss of one single

nucleotide base shift in the reading frame of the trios

"codons" changing the whole codons from the point of

mutation onwards creating a completely new type of

protein or sometimes creates a termination code in the

center of the molecule.
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Trinucleotide	Repeat	Mutations

• AKA Expansion of repeat sequences

• Show expansion of a sequence of 3 nucleotides.

• Normally, 3 nucleotides are repeated 20-30 times.

• Trinucleotide repeat mutation is when there is

expansion of these normally repeated sequences to

more than 100 repeats. The increase leads to

disease.
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Unequal	Crossing	Over
• Usually during crossing over at meiosis, the chromosomes align

themselves side by side.

• This process should be very precise that one allele would be in front

of its brother allele and even the bases are matched to each other in

number and type.

• So, when there is a crossing over and exchange of chromosomal

segments, no disturbance occurs in the newly formed chromosomes

or genes, but if the alignment is improper, then the alleles are pushed

away for a certain degree.
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Unequal	Crossing	Over.,
• This case takes place in sites of the DNA where there are grouping of

genes of similar DNA structure with very slight variation so one gene

is mistaken for a different gene as being its allele and if crossing over

occurs, a defect will result leading to the formation of two

unbalanced homologues, one containing duplicated sequences and

the other deleted sequences.

• Repeated rounds of unequal crossing over cause the homogenization

of the two sequences.

• With the increase in the duplicates, unequal crossing over can lead to

dosage imbalance in the genome and can be highly deleterious.
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Consequences	of	Mutations
• Mutations can interfere with protein synthesis at various levels.

• Transcription may be suppressed with gene deletions and point

mutations involving promoter sequences.

• Abnormal mRNA processing may result from mutations affecting

introns or splice junctions or both.

• Translation is affected if a stop codon is created within an exon.

• Finally, some point mutations may lead to the formation of an

abnormal protein without impairing any step in protein synthesis
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Summary	
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