
MUTATIONS

Resource for discussion
question for chapter seven



• The topic of “Mutations: is constantly on the lips
of scientists and laymen alike.

• Why this focus? Why are mutations
important? 

• One reason is that they may have deleterious
or (rarely) advantageous consequences to an
organism (or its descendants).

• We can say much about this topic. However, for
sake of time (since you have two other essays to
write) we will focus on one aspect of this broad
topic from chapter seven- point mutations.



• Discussion question for chapter seven is.
• a) Define mutation.
• b) Define point mutation.
• c) Comment briefly, but comprehensively on

the three types of point mutation, and state
which of these is the most dangerous, and
which is the least harmful. 

• d)Carefully explain your reasons, giving
examples of missense and nonsense
mutations.



• A mutation is a change in the DNA nucleotide sequence
that alters the sequence of amino acids, which may alter
the structure and function of a protein in a cell. 

• Mutation refers to  a change in the genetic material (ie.
DNA). 

• Mutation is defined as a permanent change in the base
sequence of a cell's DNA.

• Changes in DNA molecules cause mutations. 

• After replication, these changes result in a permanent
alteration of the base sequence in the daughter DNA.

• If the genetic change greatly affects the catalysis of
metabolic reactions or the formation of important
structural proteins, the new cells may not survive or the
person may exhibit a genetic disease.



• We can also further define mutation as a heritable
change in the genetic material. 

• This definition becomes important in considering
multicellular organisms where we must distinguish
between changes in gametes (germ cell or
germline mutations) and changes in body cells
(somatic cell or somatic mutations). 

• If a change in DNA occurs in a somatic cell (a cell
other than a reproductive cell) the altered DNA will
be limited to that cell and its daughter cells. 

• Such somatic mutations are not passed on to
one's offspring but they can be very important in
causing cancer. 

• If there is uncontrolled growth, the mutation could
lead to cancer.



• If the mutation occurs in germ cell DNA (egg
or sperm), then all the DNA produced in a
new individual will contain the same genetic
change.

•  Germline mutations are passed on to the
orgnisms offspring. 

• In detection of germline mutations in
humans and measurement of human
mutation rates we have the problem of
diploidy. 

• Most forward mutations (normal gene to
mutant form) are recessive and so won't be
detected unless a zygote gets two copies of
the mutant allele. 



THE EFFCTS OF MUTATIONS 
When a mutation causes a change in the amino acid sequence, the structure of
the resulting protein can be altered severely and it may lose biological activity. 

If the protein is an enzyme, it may no longer bind to its substrate or react with the
substrate at the active site. When an altered enzyme cannot catalyze a reaction,

certain substances may accumulate until they act as poisons in the cell, or
substances vital  to survival may not be synthesized. 

If a defective enzyme occurs in a major metabolic pathway or in the building of a
cell membrane, the mutation can be lethal. 

When a protein deficiency is genetic, the condition is called a genetic disease.







• POINT MUTATIONS 
• Point Mutations (i.e  the substitution of one base pair

for another) are also  called single base mutations or
single base substitution mutations, and are  caused
by a change in one DNA base

• Point Mutations or single nucleotide base changes or
substitutions in a gene's DNA sequence are the most
common type of mutation.  

• They result when a single nucleotide base is replaced
with a different nucleotide base.

• A point mutation is a single changed base pair in the
DNA of an organism



• Point mutation cause a change within a gene in
which one base pair in the DNA sequence is altered

• They are frequently the result of mistakes made during
DNA replication, although modification of DNA, such as
through exposure to X-rays, chemicals or to ultraviolet
radiation, can also induce point mutations which can
possibly form a mutant protein after transcription and
translation. 

• Point mutations may result when one nucleotide gets
deleted, inserted or by transition (when a purine
base is substituted with another purine or
pyramidine with pyramidine) or transversion (purine
with pyramidine or vice versa). 



• Point mutations can occur by
• a base substitution, (one base or nucleotide

is replaced by another), 
• a base insertion or 
• base deletion.
• Point mutations may be 
• transitions (when a purine base (adenine or

guanine) is substituted with another purine
or one pyrimidine (cytosine or thymine) with
pyramidine), or

• transversions (a pyrimidine is replaced by a
purine or vice versa).



• Most common is the transition that
exchanges a purine for a purine (A ↔ G) or a
pyrimidine for a pyrimidine, (C ↔ T). 

• A transition can be caused by nitrous acid,
base mis-pairing, or mutagenic base analogs
such as 5-bromo-2-deoxyuridine (BrdU). 

• Less common is a transversion, which
exchanges a purine for a pyrimidine or a
pyrimidine for a purine (C/T ↔ A/G). 

• An example of a transversion is adenine (A)
being converted into a cytosine (C). 



• Transition mutations occur when a pyrimidine
base (i.e., thymine [T] or cytosine [C])
substitutes for another pyrimidine base or when
a purine base (i.e., adenine [A] or guanine [G])
substitutes for another purine base.

•  In double-stranded DNA each of the bases pairs
with a specific partner on the corresponding
strand—A pairs with T and C pairs with G. 

• Thus, an example of a transition mutation is a
GC base pair that replaces a wild type (or
naturally occurring) AT base pair. 

• In contrast, transversion mutations occur
when a purine base substitutes for a pyrimidine
base, or vice versa; for example, when a TA or
CG pair replaces the wild type AT pair. 



• Need illustrations for   transversionsm
Transition mutations 



• Point mutations occur at the level of translation,
when RNA copied from DNA is converted into a
string of amino acids during protein synthesis.

• Point mutations that occur within the protein
coding region of a gene may manifest as
functional changes in the final protein product in
one three ways depending upon what the
erroneous codon codes for. 

• Consequently there are three types of point
mutations.

• Point mutations give rise to 
• silent mutations, 
• missense mutations and 
• nonsense mutations. 



Types of Mutations

                    Normal  DNA



Base Substitution Mutation

Missense Mutation



• Silent Mutations are one of the types of point
mutations.  

• They result in a new codon (a triplet nucleotide
sequence in RNA) that codes for the same amino
acid as the usual codon in that position. 

• Though they are DNA mutations in which there is a
base change, silent mutations, can occur without
causing any effect due to the degeneracy of the
genetic code. 

• Because the genetic code is degenerate (most amino
acids are coded for by several different or alternative
codons), the resulting new codon may still code for
the same amino acid;  and there is thus no change to
the amino acid sequence of a protein.

•  Consequently, the amino acid substitution in the
protein has no detectable effect on the phenotype.



• Silent mutations are point mutations that are
usually the result of a substitution occurring in
the third location of the mRNA codon. For
example, if the third base in the TCT codon for
serine is changed to any one of the other three
bases, serine will still be encoded.

• REMEMBER: Since more than one base can
code for the same amino acid silent mutations
do not cause amino acid changes within the
protein, because they are caused by more than
one base coding for the same amino acid.



• Silent mutations may occur in a region that
does not code for a protein, or they may
occur within a codon in a manner that does
not alter the final amino acid sequence. 

• Silent mutations are so called because they
cause no change in their product and cannot
be detected without sequencing the gene (or
its mRNA).

• Since silent mutations code for the same
amino acid, they are the least harmful of the
point mutations because the change of the
base does not result in any change to the
amino acid sequence of a protein, and
therefore cause no change in the activity of
the protein.



• The phrase silent could, however, be a
misnomer, because a silent mutation in
the exon/intron border may lead to
alternative splicing by changing the
splice site  of a splice site mutation),
thereby leading to a changed protein. 



• A base substitution could also result in an amino
acid substitutionreferred to as a missense 
mutation. 

• For example, CTC in the DNA sense strand [GAG
in mRNA] will specify a glutamate residue in the
protein; this is altered to CAC in the DNA or GUG
in the mRNA, resulting in a valine residue in the
beta-globin protein chain causing sickle-cell
anemia. 

• Missense mutations may have very serious
consequences, as in the case of sickle-cell
anemia, mild consequences as in the case of
hemoglobin C (a different amino acid substitution
in position 6 of beta-globin) or no phenotype as in
the case of two known amino acid substitutions at
position 7 of beta-globin. 



• Missense mutation – changes a codon for one amino
acid into a codon for another amino acid

• Missense mutations involve substitutions that result
in functionally different amino acids; these can lead
to alteration or loss of protein function

• Missense mutations are point mutations in which a single
nucleotide substitution changes a codon so that it codes
for a different amino acid in the protein 

• This results in a single amino acid change within the
protein that usually results in a change of the activity and
function of the protein. 

• The change may be harmful or beneficial to the protein,
but usually lead to an alteration or loss of protein
function. 

• An example of missense mutation that renders the
resulting protein nonfunctional, is the mutation
responsible for diseases such as Epidermolysis bullosa.



• EXAMPLE: sickle-cell disease is a  missense
point mutation because the new nucleotide
alters the codon so as to produce an altered
amino acid in the protein product. 

• 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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• The sickle cell syndromes are caused by a
mutation in the b-globin gene that changes the
sixth amino acid from glutamic acid to valine



Positions 5 6 7 of the b-globin chain
are shown below

CCU-GAG-GAG   =   pro-glu-glu
CCU-GUG-GAG   =   pro-val-glu
• Puts a hydrophobic amino acid on the outside

of the molecule…..which 
• Causes attachment of adjacent hemoglobins

when the globin molecule shifts in
conformation following release of oxygen from
heme

• Attached hemoglobin forms polymeric chains
• And produces polymerized rods of liquid

crystalline hemoglobin



Mutations in  - or  -globin
genes can cause disease state

• Changes of the sixth
amino acid from
glutamic acid to
valine

• Causes V6 to bind to
hydrophobic pocket
in deoxy-Hb

• Polymerizes to form
long filaments

• Cause sickling of cells
• Sickle cell trait

offers advantage
against malaria,
because

• Fragile sickle cells
can not support
parasite



THE SICKLED CELL

• Contains polymerized rods of liquid crystalline
hemoglobin

• HbS polymerizes reversibly when deoxygenated to form a
gelatinous network of fibrous polymers that stiffen the
erythrocyte membrane, increase viscosity, and cause
dehydration due to potassium leakage and calcium influx 

• These changes also produce the characteristic sickle
shape 

• Sickled cells lose the pliability needed to traverse small
capillaries 

• These abnormalities provoke unpredictable episodes of
microvascular vasoocclusion and premature red cell
destruction (hemolytic anemia). Infaction.



• Base substitutions in a protein coding region may
mutate an amino acid codon to a termination codon
or vice versa. 

• This results in a prematurely shortened protein, and
is referred to as a nonsense mutation. 

• Nonsense mutations are point mutations that are a
severe type of single-base substitution, because they
code for a stop codon into the sequence of a normal
gene in a position where there was not one before. 

• This causes the premature termination of protein
synthesis and, more than likely, a complete loss of
function in the finished protein. 



Nonsense Mutation

Base Substitution Mutation



• With a nonsense mutation, the new nucleotide
changes a codon that specified an amino acid to
one of the STOP codons (TAA, TAG, or TGA). 

• Therefore, translation of the messenger RNA
transcribed from this mutant gene will stop
prematurely. 

• The earlier in the gene that this occurs, the more
truncated the protein product and the more likely
that it will be unable to function.

• The result of a nonsense mutation is a premature
termination of translation of mRNA to tRNA, and a
shorter protein than usual that does not contain all
the amino acids that it should. 

• Therefore, this protein is most likely nonfunctional,
even though there might be 100's of useful codons
after the point of the mutation. 



• Example 
• Unlike sickle-cell disease, no single mutation

is responsible for all cases of cystic fibrosis.
People with cystic fibrosis inherit two mutant
genes, but the mutations need not be the
same. 

• In one patient with cystic fibrosis the
substitution of a T for a C at nucleotide 1609
converted a glutamine codon (CAG) to a
STOP codon (TAG). The protein produced by
this patient had only the first 493 amino
acids of the normal chain of 1480 and could
not function. .



• The effects of nonsense mutations are variable
depending upon how much of the truncated
protein is present and is required for its function. 

• Base substitution mutations may also occur in
promoters or 5' regulatory regions of genes or in
introns and may affect their transcription,
translation, or splicing. 

• Many of the beta-thalassemias are the result of
these types of non-structural mutations that affect
the level of expression of the globin genes. 

• All of the types of mutation described above have
been observed in human globin genes. 

• Their consequences depend on what they do to
the level of expression of the gene product and/or
on what amino acid substitution may have
occurred and where it is in the protein. 



• A point mutation can be reversed by
another point mutation, in which the
nucleotide is changed back to its
original state (true reversion) or by
second-site reversion (a complementary
mutation elsewhere that results in
regained gene functionality). 


