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Dynamic genome 

• Genomes are dynamic entities that change over time as a result of the 
cumulative effects of small-scale sequence alterations caused by mutation 
and larger scale rearrangements arising from recombination. 

 

• THERE are two sources of genetic diversity, mutation and recombination.  

 

• Mutation, broadly defined here as novel heritable change in nucleotide 
state, introduces new variants while recombination reassorts the variants 
along a chromosome into novel combinations or haplotypes 



DNA Mutation 
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• DNA is the genetic material;  
 
•Serves as source of information for the proper functioning of life 
 
• An error in DNA has far reaching consequences: may cause cancer,  
inheritable diseases. 
 
• It can also serve as source of genetic variation, also as a tool of natural 
selection 
 
• Damage/changes in DNA may occur by spontaneous reaction  of the 
DNA in the aquatic environment of the cells or by various 
chemical/physical factors 
 



Mutation 
• A mutation is a change in the nucleotide sequence of a short region of a 

genome.  
 

• Many mutations are point mutations that replace one nucleotide with 
another; others involve insertion or deletion of one or a few nucleotides.  
 

• Mutations result either from errors in DNA replication or from the 
damaging effects of mutagens, such as chemicals and radiation, which 
react with DNA and change the structures of individual nucleotides.  
 

• All cells possess DNA-repair enzymes that attempt to minimize the number 
of mutations that occur. These enzymes work in two ways. Some are pre-
replicative and search the DNA for nucleotides with unusual structures, 
these being replaced before replication occurs; others are post-replicative 
and check newly synthesized DNA for errors, correcting any errors that they 
find.  
 

• A possible definition of mutation is therefore a deficiency in DNA repair. 



Effects of mutation 

• Negative effects or Detrimental: more noticeable effect- not 
common (leads to loss of an individual or a species) 
 

• Neutral effects: Most are with little or no significant effect 
 

• Beneficial effects: provide selective advantage to the species during 
evolution (natural selection) 
 

 All organisms are evolved by accumulation of mutation.  
 
All are mutants many time –most mutations have no noticeable effect 

genetically different 
 
Haploid and diploid organism 
 
Eight lethal mutant per genome in human suppressed by another copy 

in diploid. 
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Classes of mutation 
 

• Genome mutations: Mutations that affect the number of 
chromosomes. 
 

• Chromosome mutations: Mutations that alter the structure of 
individual chromosomes. Also known as Gross mutations. 
 

• Gene mutations: Mutations that alter individual genes. 

6 



Recombination 

• Recombination results in a restructuring of part of a genome, for example 
by exchange of segments of homologous chromosomes during meiosis or 
by transposition of a mobile element from one position to another within 
a chromosome or between chromosomes.  

 

• Various other events that we have studied, including mating-type switching 
in yeast and construction of immunoglobulin genes , are also the results of 
recombination.  

 

• Recombination is a cellular process which, like other cellular processes 
involving DNA (e.g. transcription and replication), is carried out and 
regulated by enzymes and other proteins. 



In this example, the cell begins as mating-type a. The HO endonuclease cuts 
the MATa locus, initiating gene conversion by the HMLα locus. The result is 

that the mating type switches to type α.  



Organization of the human IGH locus on chromosome 14, containing gene 
segments for the immunoglobulin heavy chain. 



Mutation and Recombination 

• Both mutation and recombination can have dramatic effects on the cell in 
which they occur.  

 

• A mutation in a key gene may cause the cell to die if the protein coded by 
the mutant gene is defective, and some recombination events lead to 
defining changes in the biochemical capabilities of the cell, for example by 
determining the mating type of a yeast cell or the immunological properties 
of a mammalian B or T lymphocyte.  

 

• Other mutation and recombination events have a less significant impact on 
the phenotype of the cell and many have none at all. 



Mutation and Recombination 

• With a single-celled organism such as a bacterium or yeast, all genome 
alterations that are not lethal or reversible are inherited by daughter cells 
and become permanent features of the lineage that descends from the 
original cell in which the alteration occurred.  

 

• In a multicellular organism, only those events that occur in germ cells are 
relevant to genome evolution. Changes to the genomes of somatic cells are 
unimportant in an evolutionary sense, but they will have biological 
relevance if they result in a deleterious phenotype that affects the health of 
the organism. 





Mutations Are Recessive or Dominant 

• Different forms of a gene (e.g., normal and mutant) are referred to as 
alleles. Since diploid organisms carry two copies of each gene, they may 
carry identical alleles, that is, be homozygous for a gene, or carry different 
alleles, that is, be heterozygous for a gene.  

• A recessive mutation is one in which both alleles must be mutant in order 
for the mutant phenotype to be observed; that is, the individual must be 
homozygous for the mutant allele to show the mutant phenotype. In 
contrast, the phenotypic consequences of a dominant mutation are 
observed in a heterozygous individual carrying one mutant and one normal 
allele. 





Mutations Are Recessive or Dominant 

• Recessive mutations inactivate the affected gene and lead to a loss of 
function. For instance, recessive mutations may remove part of or all the 
gene from the chromosome, disrupt expression of the gene, or alter the 
structure of the encoded protein, thereby altering its function.  

 

• Conversely, dominant mutations often lead to a gain of function. For 
example, dominant mutations may increase the activity of a given gene 
product, confer a new activity on the gene product, or lead to its 
inappropriate spatial and temporal expression.  



Mutations Are Recessive or Dominant 

• Dominant mutations, however, may also be associated with a loss of 
function.  

 

• In some cases, two copies of a gene are required for normal function, so 
that removing a single copy leads to mutant phenotype. Such genes are 
referred to as haplo-insufficient.  

 

• In other cases, mutations in one allele may lead to a structural change in 
the protein that interferes with the function of the wild-type protein 
encoded by the other allele. These are referred to as dominant negative 
mutations. 



Mutations Are Recessive or Dominant 

• Some alleles can be associated with both a recessive and a dominant 
phenotype.  

 

• For instance, fruit flies heterozygous for the mutant Stubble (Sb) allele have 
short and stubby body hairs rather than the normal long, slender hairs; 
the mutant allele is dominant in this case.  

 

• In contrast, flies homozygous for this allele die during development. Thus 
the recessive phenotype associated with this allele is lethal, whereas the 
dominant phenotype is not. 



Inheritance Patterns of Recessive and 
Dominant Mutations 



Causes of mutation 
• Spontaneous:  

– Mutations arise spontaneously at low frequency owing to the chemical 
instability of purine and pyrimidine bases and to errors during DNA 
replication. Natural exposure of an organism to certain environmental factors, 
such as ultraviolet light and chemical carcinogens (e.g., aflatoxin B1), also can 
cause mutations. 

– Some mutations are spontaneous errors in replication that evade the 
proofreading function of the DNA polymerases that synthesize new 
polynucleotides at the replication fork.  

 

– These mutations are called mismatches because they are positions where the 
nucleotide that is inserted into the daughter polynucleotide does not match, by 
base-pairing, the nucleotide at the corresponding position in the template 
DNA.  

 

– If the mismatch is retained in the daughter double helix then one of the 
granddaughter molecules produced during the next round of DNA replication 
will carry a permanent double-stranded version of the mutation. 

 



Causes of mutation 

• Mutations can also arise because a mutagen has reacted with 
the parent DNA, causing a structural change that affects the 
base-pairing capability of the altered nucleotide.  

 

• Usually this alteration affects only one strand of the parent 
double helix, so only one of the daughter molecules carries the 
mutation, but two of the granddaughter molecules produced 
during the next round of replication will have it  





Human Disease Caused due to 
Spontaneous Mutation 

• Sickle-cell anemia, which affects 1 in 500 individuals of African descent, is 
caused by a single missense mutation at codon 6 of the β-globin gene; as a 
result of this mutation, the glutamic acid at position 6 in the normal 
protein is changed to a valine in the mutant protein.  

• This alteration has a profound effect on hemoglobin, the oxygen-carrier 
protein of erythrocytes, which consists of two α-globin and two β-globin 
subunits . The deoxygenated form of the mutant protein is insoluble in 
erythrocytes and forms crystalline arrays.  

• The erythrocytes of affected individuals become rigid and their transit 
through capillaries is blocked, causing severe pain and tissue damage. 
Because the erythrocytes of heterozygous individuals are resistant to the 
parasite causing malaria, which is endemic in Africa, the mutant allele has 
been maintained.  

• It is not that individuals of African descent are more likely than others to 
acquire a mutation causing the sickle-cell defect, but rather the mutation 
has been maintained in this population by interbreeding. 



Human Disease Caused due to 
Spontaneous Mutation 

• Spontaneous mutation in somatic cells (i.e., non-germline body cells) also is 
an important mechanism in certain human diseases, including 
Retinoblastoma, which is associated with retinal tumors in children .  

• The hereditary form of retinoblastoma, for example, results from a germ-
line mutation in one Rb allele and a second somatically occurring mutation 
in the other Rb allele.  

• When an Rb heterozygous retinal cell undergoes somatic mutation, it is left 
with no normal allele; as a result, the cell proliferates in an uncontrolled 
manner, giving rise to a retinal tumor.  

• A second form of this disease, called sporadic retinoblastoma, results from 
two independent mutations disrupting both Rb alleles. Since only one 
somatic mutation is required for tumor development in children with 
hereditary retinoblastoma, it occurs at a much higher frequency than the 
sporadic form, which requires acquisition of two independently occurring 
somatic mutations. The Rb protein has been shown to play a critical role in 
controlling cell division  



Human Disease Caused due to 
Spontaneous Mutation 



Induced Mutations 

• In order to increase the frequency of mutation in experimental organisms, 
researchers often treat them with high doses of chemical mutagens or 
expose them to ionizing radiation.  

 

• Mutations arising in response to such treatments are referred to as induced 
mutations. Generally, chemical mutagens induce point mutations, whereas 
ionizing radiation gives rise to large chromosomal abnormalities. 

 

• Ethylmethane sulfonate (EMS), a commonly used mutagen, alkylates 
guanine in DNA, forming O6-ethylguanine. During subsequent DNA 
replication, O6-ethylguanine directs incorporation of deoxythymidylate, not 
deoxycytidylate, resulting in formation of mutant cells in which a G·C base 
pair is replaced with an A·T base pair. 



Induced Mutations 



Types of mutations 

• By effect on structure 
– Small-scale mutations 

• Substitution mutations: 
– Often caused by chemicals or malfunction of DNA replication, 

exchange a single nucleotide for another. These changes are 
classified as transitions or transversions. Most common is the 
transition that exchanges a purine for a purine (A ↔ G) or a 
pyrimidine for a pyrimidine, (C ↔ T).  

• Insertions: 
– Add one or more extra nucleotides into the DNA. They are 

usually caused by transposable elements, or errors during 
replication of repeating elements. 

• Deletions: 
– Remove one or more nucleotides from the DNA. Like insertions, these 

mutations can alter the reading frame of the gene. 

 



The single base change may be  

• Transition: G.C → A.T Purine by purine; pyrimidine by 
pyrimidine) 

• Transversion: G.C → T.A Purine by pyrimidine; 
pyrimidine by purine 



Types of mutations 
• By effect on structure 

– Large-scale mutations in chromosomal structure 
• Amplifications : 

– Leading to multiple copies of all chromosomal regions 
• Deletions of large chromosomal regions 
• Chromosomal translocations: 

– Interchange of genetic parts from nonhomologous 
chromosomes 

» Reciprocal translocations 
» Robertsonian translocations 

• Interstitial deletions:  
– An intra-chromosomal deletion that removes a segment of DNA 

from a single chromosome, thereby apposing previously distant 
genes. For example, cells isolated from a human astrocytoma, a 
type of brain tumor, were found to have a chromosomal deletion 
removing sequences between the Fused in Glioblastoma (FIG) 
gene and the receptor tyrosine kinase (ROS), producing a fusion 
protein (FIG-ROS). The abnormal FIG-ROS fusion protein has 
constitutively active kinase activity that causes oncogenic 
transformation (a transformation from normal cells to cancer 
cells). 



Reciprocal translocations 

• Reciprocal translocations are usually an exchange of material between 
nonhomologous chromosomes.  

• Estimates of incidence range from about 1 in 500 to 1 in 625 human 
newborns. Such translocations are usually harmless and may be found 
through prenatal diagnosis.  

• However, carriers of balanced reciprocal translocations have increased risks 
of creating gametes with unbalanced chromosome translocations, leading 
to miscarriages or children with abnormalities. Genetic counseling and 
genetic testing are often offered to families that may carry a translocation. 
Most balanced translocation carriers are healthy and do not have any 
symptoms.  

• But about 6% of them have a range of symptoms that may include autism, 
intellectual disability, or congenital anomalies. A gene disrupted or 
disregulated at the breakpoint of the translocation carrier is likely the cause 
of these symptoms. 

 



Robertsonian translocations 

• Robertsonian translocation is a type of translocation caused by breaks at or 
near the centromeres of two acrocentric chromosomes. The reciprocal 
exchange of parts gives rise to one large metacentric chromosome and one 
extremely small chromosome that may be lost from the organism with little 
effect because it contains so few genes. The resulting karyotype in humans 
leaves only 45 chromosomes, since two chromosomes have fused together. 

• This has no direct effect on the phenotype, since the only genes on the 
short arms of acrocentrics are common to all of them and are present in 
variable copy number (nucleolar organiser genes). 



By effect on structure (Contd.) 

• Chromosomal inversions: 
– An inversion is a chromosome rearrangement in which a segment of a 

chromosome is reversed end to end. An inversion occurs when a single 
chromosome undergoes breakage and rearrangement within itself.  

– Inversions are of two types:  
» Paracentric  
» Pericentric 

– Paracentric inversions do not include the centromere and both breaks occur in 
one arm of the chromosome.  

– Pericentric inversions include the centromere and there is a break point in 
each arm. 

 
• Loss of heterozygosity :  

– a gross chromosomal event that results in loss of the entire gene 
and the surrounding chromosomal region 

 



Types of mutations (By effect on function) 

• Loss-of-function mutations, also called inactivating mutations: 
– When the allele has a complete loss of function (null allele), it is often called an 

amorphic mutation in the Muller's morphs schema. Phenotypes associated with such 
mutations are most often recessive. Exceptions are when the organism is haploid, or 
when the reduced dosage of a normal gene product is not enough for a normal 
phenotype (this is called haploinsufficiency). 

 

• Gain-of-function mutations, also called activating mutations: 
– Change the gene product such that its effect gets stronger (enhanced activation) or even 

is superseded by a different and abnormal function. When the new allele is created, a 
heterozygote containing the newly created allele as well as the original will express the 
new allele; genetically this defines the mutations as dominant phenotypes. Often called 
a neomorphic mutation. 



Types of mutations (By effect on function) 

• Dominant negative mutations: 
– Also called antimorphic mutations, have an altered gene product that acts 

antagonistically to the wild-type allele. These mutations usually result in an altered 
molecular function (often inactive) and are characterized by a dominant or semi-
dominant phenotype. In humans, dominant negative mutations have been implicated in 
cancer (e.g., mutations in genes p53,[33] ATM,[34] CEBPA[35] and PPARgamma[36]). 
Marfan syndrome is caused by mutations in the FBN1 gene, located on chromosome 15, 
which encodes fibrillin-1, a glycoprotein component of the extracellular matrix.[37] 
Marfan syndrome is also an example of dominant negative mutation and 
haploinsufficiency. 

 

• Lethal mutations: 
– Lead to the death of the organisms that carry the mutations. 

 

• Back mutation or reversion: 
– A point mutation that restores the original sequence and hence the original phenotype 

 



Types of mutations (By effect on fitness) 

• Harmful, or deleterious 

 

• Beneficial, or advantageous 

 

• Neutral mutation 

 

• Nearly neutral mutation 



Types of mutations 

Based on origin 

• Spontaneous mutation caused by mutagens is a slow 
process (one error/1010bp in E. coli). it is caused by 
chemical activity of DNA itself or with chemicals 
present in cell. 

• Induced mutation by damaging effect of physical 
and chemical agents, i.e., mutagens (mutagens are 
also carcinogens) 

 

 



Gene Mutations 

• Point Mutations – changes in one 
or a few nucleotides 
– Substitution 

• THE FAT CAT ATE THE RAT 

• THE FAT HAT ATE THE RAT 

– Insertion 
• THE FAT CAT ATE THE RAT 

• THE FAT CAT XLW ATE THE RAT 

– Deletion 
• THE FAT CAT ATE THE RAT 

• THE FAT ATE THE RAT 

 

 

 



Gene Mutations 
• Frameshift Mutations – shifts the 

reading frame of the genetic 
message so that the protein may 
not be able to perform its 
function. 
– Insertion 

• THE FAT CAT ATE THE RAT 
• THE FAT HCA TAT ETH ERA T 

 
– Deletion 

• THE FAT CAT ATE THE RAT 
• TEF ATC ATA TET GER AT 

 
 

H 

H 



Silent mutations (synonymous 
mutations).  Since the genetic code is 
degenerate, several codons produce the 
same amino acid.  Especially, third base 
changes often have no effect on the 
amino acid sequence of the protein.  
These mutations affect the DNA but not 
the protein.  Therefore they have no 
effect on the organism’s phenotype.  

Nonsense mutations:  

Causes new stop codon (UAG, UGA or 
UAA). Produce truncated protein. 

  

Types of mutations-based on impact on 

protein sequence 



Sense mutations are the opposite of nonsense mutations.  Here, a 
stop codon is converted into an amino acid codon.  Since DNA 
outside of protein-coding regions contains an average of 3 stop 
codons per 64, the translation process usually stops after 
producing a slightly longer protein. 

Example: Hb-α Constant Spring.  alpha-globin is normally 141 amino acids 
long.  In this mutation, the stop codon UAA is converted to CAA 
(glutamine).  The resulting protein gains 31 additional amino acids before 
it reaches the next stop codon.  This results in thalassemia, a severe form 
of anemia. 

  

Types of mutations-based on impact on 

protein sequence 



Missense Mutations: 
 Missense mutations substitute one amino acid for another.  Some 

missense mutations have very large effects, while others have 
minimal or no effect.  It depends on where the mutation occurs in 
the protein’s structure, and how big a change in the type of amino 
acid it is. It may be conservative substitution, Hydrophilic by 
hydrophilic or radical replacement (hydrophilic by hydrophobic). 

 
 Example: HbS, sickle cell hemoglobin, is a change in the beta-globin gene, 

where a GAG codon is converted to GUG.  GAG codes for glutamic acid, which 
is a hydrophilic amino acid that carries a -1 charge, and GUG codes for valine, a 
hydrophobic amino acid.  This amino acid is on the surface of the globin 
molecule, exposed to water.  Under low oxygen conditions, valine’s affinity for 
hydrophobic environments causes the hemoglobin to crystallize out of 
solution.  

  

Types of mutations-based on impact on 

protein sequence 



Missense  
mutation 

• Single nucleotide change 

• Effect depend on the nature and position of AA change 

• GeneX123(Arg185Leu or R185L): 123rd mutation in X 
which replace Arg of 185th AA by Leu. 

• Conservative substitution: UCU to ACU change serine 
to threonine both hydrophilic with OH group 

• Radical replacement: bulky hydrophobic GAG (glu) to 
smaller hydrophilic GUG (val) 

 



Frame shift: Caused by insertion and deletion of nucleotide; mostly caused by 
intercalating agents like acridine orange, proflavin, acriflavine, EtBr, etc. 
Bring about drastic changes in functioning of the gene. Frameshift 
mutations result in change in all amino acids downstream from the 
mutation site being completely different from wild type.  These proteins are 
generally non-functional. 

example Hb-α Wayne.  The final codons of the alpha globin chain are usually 
AAA UAC CGU UAA, which code for lysine-tyrosine-arginine-stop.  In the 
mutant, one of the A’s in the first codon is deleted, resulting in altered 
codons:  AAU ACC GUU AAG, for asparagine-threonine-valine-lysine.  There 
are also 5 more new amino acids added to this, until the next stop codon is 
reached.  

 

 

Genetic polymorphism: is seen in all non-lethal mutations-silence, 

 Some amino acids are less prone to be substituted (i.e., conserved). Amino 
acids that are present in the active site or those that affect protein folding 
are usually conserved. 

Types of mutations-based on impact on 

protein sequence 







Effect of a nonsense mutation on translation. 



• Temperature sensitive: active at lower 
permissive temp at higher 
temperature unfold and become 
inactive. 

• Conditional mutation: cold sensitive 
or higher or normal temperature 
sensitive mutation. 

• Inactive essential protein is lethal 

ts mutation: 

melanine 

active at lower 

temp 

Mutant protein 

folds at lower 

temp but unfolds 

at higher temp 
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The mutations can be induced directly or indirectly 
• Direct mutagenesis: highly electrophilic compound react with 

DNA and may cause damage. Unrepaired altered base produce 
change that is copied during replication. BrU pair with A or G and 
may cause A.T to G.C transition. 
 

• Indirect mutagenesis: Indirect acting, the compound must be 
methylated before they react with DNA eg. 2- napthylamine, 
Dimethylnitrosomine 

DNA damage is one of the causes of mutation.  

• Single or double strand break 
• Break may occur at bulky DNA lesion 
• Breakage of phosphodiester bonds by ionizing radiation or  
 chemical agent (bleomycin) 
• Disrupt replication and transcription  
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Errors in replication causes the mutations 



Errors in replication causes the mutations 

• Escherichia coli is able to synthesize DNA with an error rate of only 1 per 
107 nucleotide additions.  

• Interestingly, these errors are not evenly distributed between the two 
daughter molecules, the product of lagging-strand replication being prone 
to about 20 times as many errors as the leading-strand replicate. This 
asymmetry might indicate that DNA polymerase I, which is involved only in 
lagging-strand replication, has a less effective base selection and 
proofreading capability compared with DNA polymerase III, the main 
replicating enzyme. 



Mechanism for prevention of error during 
replication 



Errors in replication causes the mutations 

• Not all of the errors that occur during DNA synthesis can be blamed on the 
polymerase enzymes: sometimes an error occurs even though the enzyme 
adds the ‘correct’ nucleotide, the one that base-pairs with the template. 

• This is because each nucleotide base can occur as either of two alternative 
tautomers, structural isomers that are in dynamic equilibrium.  

 

 

 

 

 

 

 

• After replication, the rare tautomer will inevitably revert to its more 
common form, leading to a mismatch in the daughter double helix. 

Base Pairing under Normal conditions 

Adenine (Amino) Thymine ( Keto) 

Cytosine (Amino) Guanine (Keto) 

Base pairing under rare tautomeric forms 

Adenine (Imino) Cytosine (Amino) 

Guanine (Enol) Thymine (keto) 

Thymine (Enol) Guanine (Keto) 



Tautomers 

• Tautomers are constitutional isomers of organic compounds that readily 
interconvert with each other. The chemical reaction interconverting the two 
is called tautomerization. This reaction commonly results in the formal 
migration of a hydrogen atom or proton, accompanied by a switch of a 
single bond and adjacent double bond.  
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Tautomeric Shifts:  
--chemical fluctuations,  

--conformation states    (stable==========unstable) 

A:T 

C:G . 

Py 
 
 
 
 
 
Pu 



Tautomeric Shifts Affect Base-Pairing 

© John Wiley & Sons, Inc. 

C:T 

T:G . 



Base Pairing by Rare Tautomers 



Replication slippage 

• An error in replication that leads to an increase or decrease in the number 
of repeat units in a tandem repeat such as a microsatellite. 

• The result is that the new polynucleotide has a larger or smaller number, 
respectively, of the repeat units . This is the main reason why microsatellite 
sequences are so variable, replication slippage occasionally generating a 
new length variant, adding to the collection of alleles already present in the 
population. 

 

 



Trinucleotide repeat expansion 

• Replication slippage is probably also responsible for the trinucleotide repeat 
expansion diseases that have been discovered in humans in recent years . 

• Each of the neurodegenerative diseases is caused by a relatively short series 
of trinucleotide repeats becoming elongated to two or more times its 
normal length.  

• For example, the human HD gene contains the sequence 5′-CAG-3′ repeated 
between 6 and 35 times in tandem, coding for a series of glutamines in the 
protein product. In Huntington's disease this repeat expands to a copy 
number of 36–121, increasing the length of the polyglutamine tract and 
resulting in a dysfunctional protein.  

• Some diseases associated with mental retardation result from trinucleotide 
expansions in the leader region of a gene, giving a fragile site, a position 
where the chromosome is likely to break. 



Trinucleotide repeat expansion 

• How triplet expansions are generated is not precisely understood. The size 
of the insertion is much greater than occurs with normal replication 
slippage, such as that seen with microsatellite sequences, and once the 
expansion reaches a certain length it appears to become susceptible to 
further expansion in subsequent rounds of replication, so that the disease 
becomes increasingly severe in succeeding generations.  

• The possibility that expansion involves formation of hairpin loops in the 
DNA has been raised, based on the observation that only a limited number 
of trinucleotide sequences are known to undergo expansion, and all of 
these sequences are GC-rich and so might form stable secondary structures.  



Trinucleotide repeat expansion 

• There is also evidence that at least one triplet expansion region - for 
Friedreich's ataxia - can form a triple helix structure . Studies of similar 
triplet expansions in yeast have shown that these are more prevalent when 
the RAD27 gene is inactivated , an interesting observation as RAD27 is the 
yeast version of the mammalian gene for FEN1, the protein involved in 
processing of Okazaki fragments. This might indicate that a trinucleotide 
repeat expansion is caused by an aberration in lagging-strand synthesis. 

 



Trinucleotide repeat expansion 
Repeat sequence 

Locus Normal Mutated Associated disease 

Polyglutamine expansions (all in coding regions of genes) 

HD (CAG)6–35 (CAG)36–121 Huntington's 
disease 

AR (CAG)9–36 (CAG)38–62 Spinal and bulbar 
muscular atrophy 

DRPLA (CAG)6–35 (CAG)49–88 Dentatoribral-
pallidoluysian 
atrophy 

SCA1 (CAG)6–44 (CAG)39–82 Spinocerebellar 
ataxia type 1 

SCA3 (CAG)12–40 (CAG)55–84 Machado-Joseph 
disease 

Fragile site expansions (both in the untranslated leader regions of genes) 

FRM1 (CGG)6–53 (CGG)60-over 230 Fragile X syndrome 

FRM2 (GCC)6–35 (GCC)61-over 200 Fragile XE mental 
retardation 

Other expansions (positions described below) 

DMPK (CTG)5–37 (CTG)50–3000 Myotonic 
dystrophy 

X25 (GAA)7–34 (GAA)34-over 200 Friedreich's ataxia 

http://www.ncbi.nlm.nih.gov/books/n/genomes/A9089/def-item/A9613/
http://www.ncbi.nlm.nih.gov/books/n/genomes/A9089/def-item/A9430/


Assignments 

• Why genomes are considered to be dynamic ? [1] 

• What is the difference between mutation and recombination 
? [2.5] 

• Write the role of mutation in evolution with example [2.5] 

• What is the difference between mutagen and carcinogen ? [1] 

• How spontaneous mutation generally occur ? [2.5] 

• Write about causes of mutation [2.5] 

• What do you mean by Tautomers and how does it effect DNA 
mutation ? [2.5] 

• Write about different types of Mutation. [7.5] 

• Differentiate between Reciprocal and Robertsonian 
Translocation. [2.5] 

• What do you understand by replication slippage ? [1] 

 

 


