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	1. 1
Alterations in Genetic  Material
Unit III – part 1
 


	2. 2
Mutations
  


	3. 3
3
Hugo Marie de  Vries
- A Dutch botanist
- One of the first geneticists
- Suggested the concept of genes
- Rediscovered the laws of heredity in the
1890s
- Introduced the term "mutation"
- Developed mutation theory of evolution
 


	4. 4
4
- 1886 he  discovered new forms of the evening primrose (Oenothera
lamarckiana) growing wild in a meadow
- Taking seeds from these, he found that they produced many new
varieties in his experimental gardens
- He introduced the term mutations for these suddenly appearing
variations
- In his two-volume publication The Mutation Theory (1900–1903) he
postulated that evolution, especially the origin of species, might occur
more frequently due to sudden changes rather than gradual ones as
proposed by Darwin
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https://www.researchgate.net/publication/255988
969_The_Origins_of_German_Biophysics_in_Medi
cal_Physics_1900-1930/figures?lo=1
  


	7. 7
Definition
• A mutation  is a sudden change in the genetic material of a cell that can
be passed on from the cell to its daughter cells during the process of
cell division
• Mutations are important
– Mutations are the source of new variation important for evolution
– Mutations can lead to various human medical conditions
• Mutations can happen on a number of different scales
– Mutations involving only a single base pair –single base pair
substitution
– Deletion and Insertion of one or more base pairs
– Major alterations in chromosome structure
 


	8. 8
Somatic vs germ  cell mutations
• In multicellular organisms such as plants or animals mutations may
occur in the somatic cells or germ cells of the organism
• Somatic cells are the cells involved in growth and repair and
maintenance of the organism – mutation in these cells is called
somatic mutation
– A mutation in these cells may lead to cancer
– Certain mutations may be involved in aging
• Mutations that occur in the germ cells - appear in the gametes and
then in the offspring produced by sexual reproduction
– Such mutations are called germ cell/germ line mutations
 


	9. 9
Causes of mutations
•  Mutations are often classified as:
1. Spontaneous mutations
2. Induced mutations
 


	10. 10
Spontaneous mutations
• Spontaneous  mutations - no known external cause, occur accidentally
due to certain normal biological and chemical processes
– Often occur during the enzymatic process of DNA replication
• As part of this process there is a proof-reading mechanism
involving the DNA polymerases
• But this process is not 100% perfect, leading to a low level of
mutations per generation
– Rate of mutation varies from organism to organism
– For humans this mutation rate is about 1 x 10-6 mutations per gene
locus per generation
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• Spontaneous mutations  are random events
– Not purposeful
– Mutations occur as a matter of chance
• Some individuals possess beneficial mutations
– Better adapted to their environment
– Increased chance of surviving and reproducing
• Natural selection results in differential reproductive success
– The frequency of such alleles increases in the population
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Mechanisms of spontaneous  mutations
• Depurination
– Most common type of naturally occurring chemical change
– Reaction with water removes a purine (A or G) from the DNA
• “Apurinic site”
 


	13. 13
• Depurination is  a chemical reaction of purine
deoxyribonucleosides, deoxyadenosine and deoxyguanosine, and
ribonucleosides, adenosine or guanosine, in which the β-N-
glycosidic bond is hydrolytically cleaved releasing the nitrogenous
base, adenine or guanine, respectively
Chemical structure of apurinic
site present in a fragment of
single-stranded DNA
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Depurination (Molecular Biology)  (what-when-how.com)
A DNA enzyme with N-glycosylase activity | PNAS
 


	15. 17
– ~10,000 purines  lost per 20 hours at 37oC in a typical mammalian cell
– Rate of loss increased by agents causing certain base
modification
» e.g., Attachment of alkyl (methyl, ethyl, etc.) groups
– Generally recognized by DNA repair enzymes
– Mutation may result if repair system fails
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• Deamination of  cytosines
– Other bases are not readily deaminated
– Removal of an amino group from the cytosine base
• Uracil is produced
– DNA repair enzymes generally remove this base
• Uracil is recognized as an inappropriate base
– Mutation may result if repair system fails
– Uracil hydrogen bonds with A, not G
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– Methylation of  cytosine occurs in many eukaryotic species as well as
prokaryotes
– Removal of an amino group from the 5-methyl cytosine produces
thymine
– DNA repair enzymes cannot determine which is the incorrect base
• Hot spots for mutations are produced
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• Tautomeric shifts
–  Common, stable form of T and G is the keto form
• Interconvert to an enol form at a low rate
– Common, stable form of A and C is the amino form
• Interconvert to an imino form at a low rate
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– Enol and  imino forms do not conform to normal base-pairing
rules
• AC and GT base pairs are formed
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– Tautomeric shifts  immediately prior to DNA replication can cause
mutations
– Resulting mismatch could be repaired
– Mutation may result if repair system fails
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• Other Causes  of spontaneous mutations
– Mistakes by DNA polymerase during replication
– Replication slippage (in repeat sequences)
– Looping of template (deletions)
– Alteration of DNA by chemical products of normal metabolic
processes (attack by reactive oxygen species)
– Spontaneous changes in nucleotide structure
– Integration of transposable elements
– Abnormalities in crossing over
– Aberrant segregation of chromosomes during meiosis
 


	25. 28
  


	26. 29
Induced mutations
• Induced  mutations are mutations brought about by exposure to
chemicals or various forms of radiation - These are called as
Mutagens
• Induced mutations are caused by mutagens
– Chemical substances or physical agents originating outside of
the cell
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Mutagens
• An enormous  array of
agents can act as
mutagens
– Chemical agents
and physical agents
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Alkylating Agents
• Mutagens  alter DNA structure in various ways
– Alkylating agents covalently attach methyl or ethyl groups to
bases
• e.g., Nitrogen mustards, Ethyl Methane Sulfonate (EMS)
– Appropriate base pairing is disrupted
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EMS
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• Alkylation-induced specific  mispairing
– The alkylation (in this case, EMS-generated ethylation) of the O-6
position of guanine and the O-4 position of thymine can lead to
direct mispairing with thymine and guanine, respectively
– In bacteria, where mutations have been analyzed in great detail, the
principal mutations detected are GC → AT transitions, indicating
that the O-6 alkylation of guanine is most relevant to mutagenesis
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Acridine Dyes
– Some  mutagens directly interfere with the DNA replication
process
– e.g., Acridine dyes such as proflavin
• Flat, planar structures intercalate into the double helix
– Sandwich between adjacent base pairs
• Helical structure is distorted
• Single-nucleotide additions and deletions can result
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Base Analogues
– Some  mutagens are base analogs
• e.g., 2-aminopurine
• e.g., 5-bromouracil (5BU)
• Become incorporated into daughter strands during DNA
replication
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• 5-bromouracil (5BU)  is a thymine analog
– Incorporated in place of thymine
• 5BU can base-pair with adenine
– Can tautomerize and base-pair with guanine at a relatively
high rate
• AT → A5BU → G5BU → GC
– Transition mutations occur
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Nitrous Acid –  causes deamination
– Nitrous acid (HNO2) replaces amino groups with keto groups
• -NH2 → =O
• Can change cytosine to uracil
– Pairs with A, not G
• Can change adenine to hypoxanthine
– Pairs with C, not T
 


	41. 44
44
  


	42. 45
– DNA molecules  are sensitive to physical agents such as radiation
• e.g., Ionizing radiation such as X rays and gamma rays
– Short wavelength and high energy
– Can penetrate deeply into biological materials
– Creates “free radicals”
» Chemically reactive molecules
– Free radicals alter DNA structure in a variety of ways
» Deletions, single nicks, cross-linking, chromosomal breaks
Radiations
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– DNA molecules  are sensitive to physical agents such as
radiation
• e.g., Non-ionizing radiation such as
UV light
– Contains less energy
– Penetrates only the surface of material
such as the skin
– Causes the formation of thymine dimers
– May be repaired through one of numerous
repair systems
– May cause a mutation when that DNA
strand is replicated
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THYMIDINE DIMERS
  


	45. 48
– Humans defective  in a certain DNA repair system
may manifest various disease conditions
• Such as higher risk of skin cancer
• E.g. Xeroderma Pigmentosum
– Extreme sensitivity to ultraviolet (UV) rays
from sunlight
– This condition mostly affects the eyes and
areas of skin exposed to the sun
– Some affected individuals also have
problems involving the nervous system
 


	46. 49
49
  


	47. 50
Types of mutations
1.  Single base-pair substitution
2. Deletion
3. Insertions
4. Major alterations in the structure of a chromosome
– Mutations can either occur in the protein coding regions or Non-
coding regulatory regions such as introns and other regulatory
sequences
– May or may not bring about a detectable change
• Extent of changes due to a mutation depend on:
a. Type of cell
b. Degree of functional alteration in gene product
c. Degree of functional alteration of the regulatory sequence
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Types of Mutations
•  Transitions
• Transversions Point Mutations
• Frameshift mutations
• These types are observed under spontaneous mutations
Substitution
Mutations
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• Substitution mutations  can involve
• the replacement of a purine in one strand of the DNA with the
other purine OR
• replacement of a pyrimidine in the complementary strand with
the other pyrimidine
– Such base pair substitutions are called transitions
• Base pair substitutions can involve
• the substitution of a purine for a pyrimidine and
• substitution of a pyrimidine for a purine
– These are called transversions
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• Missense mutations  – is a point mutation in which a single nucleotide
is changed, resulting in a codon that codes for a different amino acid
• Nonsense mutations – point mutations that change an amino acid to
a stop codon are considered nonsense mutations
• Neutral mutations – Missense mutations substituting an amino acid
with another chemically similar amino acid is called as neutral
mutation
• Silent mutations – Point mutations that do not result in a change of
the amino acid sequence of a protein
 


	52. 55
• Nonsense mutations
–  Normal codon is changed into a stop codon
• e.g. AAA → UAA (lys → stop)
– Translation is prematurely terminated - truncated polypeptide is
formed
– Protein function is generally affected
• Missense Mutations
– Amino acid sequence is altered
– Phenotype may be affected
– E.g. Sickle cell anemia
• Sickle-cell anaemia is caused by a point mutation in the β-globin
chain of haemoglobin, causing the hydrophilic amino acid glutamic
acid to be replaced with the hydrophobic amino acid valine at the
sixth position - GAA →GTA (glu → val)
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	54. 59
• Neutral mutations
–  Amino acid sequence is altered
• e.g., CTT →ATT (leu → ile)
• e.g., GAA →GAC (glu → asp)
– No detectable effect on protein function
• Missense mutations substituting an amino acid with a
similar chemistry to the original is likely to be neutral
• Silent mutations
– Amino acid sequence is not altered
• e.g., CCC → CCG (pro → pro)
– Genetic code is degenerate
– Alterations of the third base of a codon often do not
alter the encoded amino acid
– Phenotype is not affected
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Normal
TAC GTG ATA  CCA AAG TAG ACT
AUG CAC UAU GGU UUC AUC UGA
met his tyr gly phe ile -
Missense
mutation
TAC GTG ATA GCA AAG TAG ACT
AUGCAC UAU CGU UUC AUC UGA
met his tyr arg phe ile -
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Nonsense
Mutation
TAC GTG ATT  CCA AAG TAG ACT
AUG CAC UAA GGU UUC AUC UGA
met his - - - - -
TAC GTG ATA CGA AAG TAG ACT
AUG CAC UAU GCU UUC AUC UGA
met his tyr ala phe ile -
Neutral
mutation
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Silent
mutation
TAC GTG ATA  CCG AAG TAG ACT
AUG CAC UAU GGC UUC AUC UGA
met his tyr gly phe ile -
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Frame Shift mutation
•  Insertion or deletion of one or a few base pairs - collectively
referred to as frameshift mutations
• In frameshift mutations, since a base is either added or removed
from a codon, the effect is to shift the codons as read during
translation by one position which radically alters the meaning of
the mRNA in terms of how it is translated
• Frameshift mutation changes all the amino acids after the first one
because codons are in groups of three non overlapping RNA bases
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EFFECTS OF MUTATIONS
  


	61. 67
Other types of  mutations
• Morphological mutations
• Lethal mutations
• Conditional mutations – temperature sensitive (restrictive and
permissive temperature)
• Biochemical mutations (auxotrophs)
• Loss-of-function mutations (complete loss or leaky) – (recessive,
dominant -haploinsufficiency)
• Gain-of-function mutations
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Figure 15-12
(a) Mutation  m has completely lost its function (it
is a null mutation). In the heterozygote, wild-type
gene product is still being made, and often the
amount is enough to result in a wild-type
phenotype, in which case, m will act as a recessive.
If the wild-type gene product is insufficient, the
mutation will be seen as dominant. (b) Mutation
m′ still retains some function, but in the
homozygote there is not enough to produce a wild-
type phenotype. (c) Mutation M has acquired a
new cellular function represented by the gene
product colored green. M will be expressed in the
heterozygote and most likely will act as a
dominant. The homozygous mutant may or may
not be viable, depending on the role of the + allele.
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Chromosomal aberrations
• Every  species has a characteristic number of chromosomes
• Various causal agents result in chromosome defects or aberrations
involving the entire set of chromosomes or individual
chromosomes
• Chromosomal aberrations are of two types:
– Numerical aberrations and
– Structural aberrations
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Numerical aberrations
• Change  in number of whole chromosomes is called Heteroploidy
• There are two types of heteroploidy
• They are: Euploidy and Aneuploidy
• Euploidy involves entire set of chromosomes
• Aneuploidy is loss or addition of single whole chromosome
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Contd…
Heteroploidy
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Aneuploidy
• Aneuploidy describes  a numerical change in part of the genome,
usually a change in the dosage of a single chromosome
• Individuals that
– Have an extra chromosome,
– Are missing a chromosome, or
– Have a combination of these anomalies are said to be
aneuploidy
• This definition also includes pieces of chromosomes
– Thus, an individual in which a chromosome arm has been
deleted is also considered to be aneuploid
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Types of Aneuploidy
•  Four types of relatively common aneuploid conditions in diploid
individuals:
– Nullisomy,
– Monosomy,
– Trisomy, and
– Tetrasomy
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• Nullisomy
– It  is the loss of both members of a homologous pair of
chromosomes
– It is represented as 2n – 2, where n refers to the haploid number
of chromosomes
– Thus, among humans, who normally possess 2n = 46
chromosomes, a nullisomic person has 44 chromosomes
Contd…
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• Monosomy
– It  is the loss of a single chromosome, represented as 2n – 1
– A monosomic person has 45 chromosomes
• Trisomy is the gain of a single chromosome, represented as 2n + 1
– A trisomic person has 47 chromosomes
– The gain of a chromosome means that there are three
homologous copies of one chromosome
Contd…
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• Tetrasomy is  the gain of two homologous chromosomes, represented
as 2n + 2
• A tetrasomic person has 48 chromosomes
• Since tetrasomy is the gain of two homologous chromosomes; there
will be four homologous copies of a particular chromosome
Contd…
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• More than  one aneuploid mutation may occur in the same Individual
• An individual that has an extra copy of two different (non-
homologous) chromosomes is referred to as being double trisomic
and represented as 2n + 1 + 1
• Similarly, a double monosomic has lost one copy each of two non-
homologous chromosomes (2n – 1 – 1)
• A double tetrasomic has two extra pairs of homologous
chromosomes (2n + 2 + 2)
Contd…
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Contd…
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Variations in chromosome  structure (chromosomal
rearrangements)
• Deletions
– Parts of chromosome lost or deleted
• Duplications
– Parts of chromosome added or duplicated
• Inversions
– Segments of chromosome detached and reunited in
reverse order
• Translocations
– Parts of chromosome detached and joined to non-homo-
logous chromosome
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Contd…
(Deletion)
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• Amount of  genetic information in the chromosome can change
• Deficiencies/Deletions
• Duplications
• The genetic material remains the same, but is rearranged
• Inversions
• Translocations
Contd…
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Deletions
• A chromosomal  deletion occurs when a chromosome breaks and a
fragment is lost
• Deletions (del) result in loss of a chromosome segment
• Also called as a deficiency
• Phenotypic consequences of deletion depends on
• Size of the deletion
• Functions of the genes deleted
• Phenotypic effect of deletions are usually detrimental
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• Deficiency or  deletion are of two types
– Terminal deletion
• Caused by a single break with loss of the segment distal to
the break
• A single break near the end of a chromosome would be
expected to result in a terminal deficiency
Contd…
 


	78. 84
– Interstitial deletions
•  Also called Intercalary deletion
• Result from two breaks in a chromosome
• A section may be deleted and an Interstitial deficiency is
created
• Loss of the intervening segment, and reunion of the
breakpoints occurs
Contd…
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85
Contd…
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Contd…
  


	81. 87
• Example
– Del(5)(p15.3)
•  This describes a terminal deletion of the short arm of
chromosome 5
• All chromosomal material distal to band p15.3 is missing
– Del(20)(q11.2q13.3)
• An interstitial deletion of the long arm of chromosome 20
• The fragment between bands q11.2 and q13.3
Contd…
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Duplications (Dp)
• A  chromosomal duplication is usually caused by abnormal events
during recombination – unequal crossing over
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• Phenotypic consequences  of duplications is associated to size and
genes involved
• Duplications tend to be less detrimental
• Types of Duplication
• Duplication are of different types on the basis of position of
duplicated segment
– Displaced homo-brachial duplication – at a displaced position of
the same arm
– Displaced heterobrachial duplication – on the different arm of the
same chromosome
Contd…
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– Tandem duplication  – adjacent
region
– Reverse tandem duplication –
duplicated segment found as a
reverse repeat at adjacent
region
– Transposed duplication – on a
different chromosome
Contd…
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• Phenotypic consequences  of duplications is associated to size and genes
involved
• Duplications tend to be less detrimental
• E.g. Bar-Eye Phenotype in Drosophila
– Ultra-bar (or double-bar) is a trait in which flies have even fewer
facets than the bar homozygote
– Trait is X-linked and show intermediate dominance
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Contd…
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Contd…
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Bar-eye Phenotype due  to Duplication
 


	89. 95
• When a  segment of one chromosome becomes attached to another
it is called translocation
Translocation (T)
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• Types of  Translocation:
• Non-reciprocal – does not involve exchange, part of one
chromosome is transferred to another non-homologous
chromosome
– Simple translocation:
» The broken part gets attached to one end of non-
homologous chromosome
– Shift translocation:
» Broken part gets inserted interstitially in a non-
homologous chromosome
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(iii) Reciprocal translocation:
When  parts of two non-homologous chromosomes become
exchanged
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• In non-reciprocal  translocations the transfer of genetic material
occurs in only one direction
– These are also called unbalanced translocations
– Unbalanced translocations are associated with phenotypic
abnormalities or even lethality
• In reciprocal translocations two non-homologous chromosomes
exchange genetic material
• Usually generate balanced translocations
• Usually without phenotypic consequences
• Although can result in position effect
Contd…
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• The Philadelphia  chromosome or Philadelphia translocation (Ph) is
a specific genetic abnormality in chromosome 22 of leukemia
cancer cells (particularly chronic myeloid leukemia (CML) cells)
Philadelphia Chromosome: Leukemia and
Identifying Cancer (verywellhealth.com)
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FISH (fluorescence in-situ  hybridization) light micrograph of the chromosomes at metaphase of
cell division, in a normal cell (at left) and one with Philadelphia chromosome (translocation) in
chronic myeloid leukaemia (CML). Humans have 46 chromosomes arranged in 23 pairs.
Philadelphia chromosome is the result of a reciprocal translocation between chromosome 9
(red) and 22 (green); locus specific probes BCR:ABL: the fusion gene BCR/ABL generated by the
translocation. Its presence is a sensitive test for this type of leukaemia. .
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(v) Robertsonian translocation  - a
chromosome from one pair becomes
attached to a chromosome from another
pair
Contd…
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• Robertsonian translocations,  fusions between two acrocentric
chromosomes, are the most common structural chromosomal
rearrangements in humans and occur in approximately 1 in every
1000 newborns
• It occurs in the five acrocentric chromosomes, 13, 14, 15, 21, and 22,
which have very small short arms that contain no unique genes
• During a Robertsonian translocation, the participating chromosomes
break at their centromeres and the long arms fuse to form a single
chromosome with a single centromere
• The short arms also join to form a smaller reciprocal product, which
typically contains nonessential genes and is usually lost within a few
cell divisions
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• Inversion is  when a segment of chromosome is
flipped/inverted/reversed relative to that in the
homologue
▪ No loss of genetic information
▪ Many inversions have no phenotypic
consequences
▪ Break point effect
▪ Inversion break point is within regulatory
or structural portion of a gene
▪ Position effect
▪ Gene is repositioned in a way that alters
its gene expression
▪ ~ 2% of the human population carries
karyotypically detectable inversions
Inversion
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• Inversions (inv)
–  In an inversion, a chromosomal segment breaks, reorients 180°
and reinserts itself
• If an inversion involves the centromere, with one break in
each chromosome arm, it is said to be pericentric
• A paracentric inversion is isolated to one chromosome arm
and does not involve the centromere
Contd…
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Centromere lies
within inverted
region
Centromere  lies
outside inverted
region
Contd…
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• Common inversions  of chromosome 9 [inv(9) (p11.2 q13)], less
common inversions in chromosome 1 both involving
heterochromatin are considered harmless
• Common inversion of Y chromosome is also considered harmless
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Genetics, Chromosome Abnormalities  - StatPearls - NCBI Bookshelf (nih.gov)
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A pseudodicentric Y  chromosome results in
both deletion of part of Yq and duplication of Yp and
proximal Yq.
Y Chromosome Infertility – Gene Reviews® - NCBI Bookshelf (nih.gov)
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MGI-Rules for Nomenclature  of Chromosome Aberrations (jax.org)
Chromosomal Aberration: Definition, Types and Examples|READBIOLOGY
Human Chromosome Nomenclature: An Overview and Definition of Terms
| Basicmedical Key
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https://youtu.be/syMejslGkJs
https://youtu.be/0TqIWxipbzc
https://youtu.be/oFJekawQ-ew
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