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Abstract

A mutation is a heritable change in a living cell's DNA that isn't created by genetic segregation or recombination.
The mutation occurs not just at the DNA level, but also at the chromosomal level. Autosomal dominant, autosomal
recessive, X-linked recessive, X-linked dominant and Y-linked (holandric) illnesses are all caused by abnormalities in
the DNA sequence of a gene. Evolutionary changes in genes produce genetic variety over time. Mutations are
important in the development of genetic differences in organisms. If particular parts of the genome are more prone to
mutation than others, it may potentially skew patterns of genetic variation. Chromosomal abnormalities, such as
numerical and structural damages, cause chromosomal diseases. Such changes are manifested in a species'
natural variety, which can be preserved by man in the form of seed reserves, plant tissue stocks, and gene banks at
national and international agricultural institutes. The vast majority of mutations have either detrimental or beneficial
impact on the organism in which they arise. The bulk of mutations have extremely minor consequences, according
to current research. Nowadays, mutation plays a significant role in the generation of variety among organisms in

order to satisfy human needs in advance.
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Introduction

Mutation as a sudden heritable alteration in the genetic material that
is not generated by recombination or segregation in a series of papers.
The term "sudden" to distinguish between minor changes that may be
explained by normal recombination processes. "Sudden" changes
(mutations) in plant shapes (phenotypes) were noticeable and unique,
and hence intriguing. A mutation is a heritable change in a living cell's
DNA that is not induced by genetic segregation or recombination. A
mutation as "a heritable change in the sequence of an organism's
genome; the full complement of an organism's genetic material is
referred to as its genome" in DNA Repair and Mutagenesis [1].
However, mutations, particularly at the gene sequence (genotype)
level, can cause modest and subtle alterations in phenotype that are not
always obvious, and these can now be discovered using molecular
techniques. Natural variation (building blocks) for species evolution
has been provided by genetic change (mutation). Mutation is a change
in DNA sequence that results in no synonymous substitution (creation
of new alleles) in a population. The impact on the population is
determined on the type of mutation.

Mutation is critical for evolution because it is the source of genetic
variety in the end. It is one of the factors that affect the frequency of
alleles. Mutations can occur because DNA is not duplicated precisely
every time it is reproduced. A mutation must be heritable in order to
have any effect on the evolution of a multicellular organism; hence it
must occur in germ line cells (the cells used in reproduction). Changes
in DNA, for example, might cause cancer by inducing mutations in
somatic cells [2-5]. Despite the fact that this mutation will damage the
individual, it is not heritable and will not be handed down to the

individual's children. reproducing creatures would always be perfect
clones of their parents if mutation did not occur, and there would be no
genetic variety. However, genetic diversity is known to exist in
bacteria and other organisms. Crossing over and independent
assortment during meiosis, as well as random fertilization, will
promote mutation in eukaryotes. The term "spontaneous mutation"
refers to mutations that develop spontaneously in nature.

Some mutations are unintentional replication errors that escape the
DNA polymerases those synthesis new polynucleotides at the
replication fork's proofreading function. Other mutations occur when a
mutagen reacts with the parent DNA, generating a structural alteration
that alters the changed nucleotide's base-pairing ability. Mutation is
necessary for generating variation among species, but it also
introduces uncertainty. "Permanent changes in the sequence of DNA"
are what mutations are. Exogenous (foreign) influences, endogenous
(foreign) factors, and "cellular machinery faults" all produce
mutations. Environmental elements such as sunshine, radiation, and
smoking are examples of external factors. Errors in DNA replication,
as well as hazardous by-products of cellular metabolism, are examples
of non-exogenous stimuli that can cause genetic alterations [6]. As
beneficial as mutations have been to humanity, they are also the source
of some diseases. For example, a mutation that is relatively
widespread on the Indian subcontinent causes people to be
predisposed to heart disease. Cancer, diabetes, and asthma are just a
few of the disorders connected to genetic abnormalities.

Mutation has a benefit in breeding programs for the production of
variations. Despite these concerns, subsequent research has
consistently shown that the majority of mutations have extremely
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minor consequences. Until the effects of specific compounds on DNA,
ionizing radiation was used exclusively in mutation study. X-rays were
initially employed, but when radioactive sources such as Co and Cs
became more widely available, g-rays from radioactive sources such
as Co and Cs became more common [7]. Consequently, the objective
of this review is to understand what a mutation means, the importance
and the negative impact of it in agriculture, specially, in plant aspects
and to know the merits and demerits of genetic mutation.

Literature Review

Genetic mutations

Genetic mutations are alterations in an organism's genetic sequence,
and they are a major source of variation. These alterations can occur at
a variety of levels and have a wide range of repercussions. We must
first determine if biological systems capable of reproduction are
heritable; particularly, certain mutations harm only the individual who
carries them, while others affect all of the carrier organism's offspring
and descendants. Mutations must arise in cells that create the next
generation and affect the hereditary material in order to affect an
organism's progeny. Finally, the interaction of hereditary mutations
and environmental stresses results in species diversification. In light of
the constantly rising population, one of the most pressing issues
confronting mankind today is the availability of adequate food
supplies. One way to address this issue is to develop new and
improved food plant types with desirable characteristics such as
increased yield and greater resilience to unfavorable environmental
conditions, illnesses, and insect pests. This can be accomplished using
a variety of variation-creation strategies. Mutations result in new
variants, which are the foundation for the evolution of new species in
nature as well as the breeding of new types in the laboratory.
Mutations expand the range of possibilities for selection and
hybridization by generating new phenotypic traits. As a result,
artificial production of mutations can be extremely useful in
hybridization studies, especially if the parents are lacking in variability
or desired characteristics.

Although there are many different sorts of molecular alterations, the
term "mutation" usually refers to one that alters the nucleic acids.
These nucleic acids are the building blocks of DNA in biological
organisms, and they are the building blocks of DNA or RNA in
viruses. DNA and RNA can be thought of as chemicals that store the
information needed for an organism's reproduction in a long-term
memory. Although this page concentrates on DNA mutations, it's
worth noting that RNA is susceptible to roughly the same mutation
factors.

Somatic mutations occur when mutations develop in cells that are
not germ line. Somatic mutations only impact the current organism's
body, as the word derives from the Greek word soma, which means
"body." Somatic mutations are uninteresting from an evolutionary
standpoint unless they occur in a systematic manner and alter some
essential attribute of a person, such as survival capacity. Cancer, for
example, is a powerful somatic mutation that threatens the survival of
a single organism. Evolutionary theory, on the other hand, is primarily
concerned with DNA alterations in the cells that form the next
generation (Figure 1).
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Figure 1: Double stranded DNA before and after mutation has
occurred.

Types of mutations based on cause

Mutations can have no impact, modify a gene's product, or prohibit
a gene from functioning. The impact of structural alterations is
determined by the amount and location of the changes, as well as
whether or not genetic material is acquired or lost. Some alterations
result in medical issues, while others have no impact on a person's
health. Mutations can be characterized as spontaneous or induced
depending on the source or causes.

Spontaneous mutation

Until the twentieth century, the only source of fresh genetic variety
that mankind could use to select plants and animals appropriate for
domestication and breeding was spontaneous mutations. Spontaneous
mutations are mutations that develop spontaneously in nature under
natural settings. The majority of the mutations that were initially
analyzed happened on their own. These have been recognized in
nature by geneticists in the past, but their origin is unknown.
Background mutations are another name for them. Mutagenic
substances in the environment, such as radioactive chemicals and heat,
cause them to develop. Maize, bacteria, viruses, mice, humans, and
Drosophila have all been documented to have spontaneous mutations.
The development of a novel mutation is a rare occurrence in general.
Spontaneous mutations and chromosome rearrangements are crucial
biological events that modify the genome structure and act as
evolutionary engines. Analyses of spontaneous mutations in organisms
as diverse as bacteriophages and human cells have revealed that
spontaneous mutations do not occur in the genome sequence at
random, but rather have a substantial bias in their site distribution and
the types of changes they produce within the DNA sequence. Genetic
polymorphism is produced through spontaneous mutation in
reproductive cells, which provides the raw material for evolution.

Induced mutations

The mutations that can be created in living creatures artificially by
exposing them to an aberrant environment or treating them with a
DNA damaging substance. Mutagens or mutagenic agents are agents
that cause artificial mutations, such as radiation, physical
circumstances (e.g. temperature), and chemicals.
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Induced mutations in plants are caused by two types of mutagenic
agents. To generate mutations at random places, physical agents (X-
rays, UV-rays) and chemical agents Ethyl Methane Sulfonate (EMS),
Mustard gas (sulfur mustards), Ethylene amine, and colchicine) were
used, followed by genetic selection and/or screening. Moreover, many
mutagens can have a variety of effects on microspore culture.

UV light reduced embryo development but not the ability of
surviving embryos to regenerate, whereas gamma radiation lowered
both the frequency of surviving embryos and the frequency of
regenerated haploid plants in rapeseed research.

Tissues with a high-water content or those are metabolically
active are more susceptible to radiation harm. /n vitro cultures are
increasingly employed as starting material for mutation induction in
most Vegetative Propagated Crops (VPCs). Induced mutations
have been crucial in the development of improved plant types.

Types of mutation based on site (cytological basis)

Mutations into two groups based on cytological criteria. There are
two types of mutations: Chromosomal and point mutations.
Chromosomal mutations are caused by changes in the number or
structure of chromosomes, whereas gene or point mutations are caused
by changes in the base sequences of genes.

Chromosomal mutations

The chromosome, also known as a linkage group, is the body that
connects genes. The centromere connects the two arms of
chromosomes, which might be of equal or different length (the
location for the attachment of spindle fibers during mitotic and meiotic
cell divisions).

The euploid complement refers to
chromosomes that each species has.

the standard set of

Any change in the structure or order of the chromosomes is
referred to as a chromosomal mutation. Chromosome mutations are
most common during the crossing over stage of meiosis.

Natural changes in the structure and number of chromosomes
have been discovered on rare occasions (without any recognized
cause). Chromosomal aberrations (abnormalities) are deviations
that can be caused by structural or numerical changes.

Chromosomal changes are extremely dangerous. They
frequently cause the organism in which they arise to die. If the
creature lives, it will be harmed in a variety of ways.

The mutation that causes down syndrome is an example of a human
chromosomal change. It's a duplication mutation that causes
developmental delays as well as other issues.

Deletion, duplication, inversion, insertion, and translocation of
genes in DNA sequences can all result in this form of mutation (Figure
2).
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Figure 2: Cause for the occurrence of chromosomal mutations in
an organism.

Point mutation

A random SNP (single-nucleotide polymorphism) mutation in
Deoxyribonucleic Acid (DNA) that occurs at one place.

A point mutation, also known as a single base alteration, is a
change in a gene's DNA sequence that affects only one base pair. The
genetic material, DNA or RNA, is altered by a single nucleotide base
alteration, insertion, or deletion. A person who is affected by a point
mutation is known as a point mutant. Point mutations are often caused
by errors committed during DNA replication, but they can also be
caused by DNA alteration, such as exposure to X-rays or UV light. A
polypeptide's amino acid sequence is dictated by the gene that codes
for it. A gene mutation can alter the characteristics of an enzyme in
one of two ways. One of the amino acids near the active site may be
replaced by another, while a change in an amino acid further away
from the active site could alter the protein's three-dimensional
structure or make it less heat stable. The consequences of a mutation
can sometimes be explained in terms of a faulty protein. Transitions
(replacing a purine base with another purine or a pyrimidine base with
another pyrimidine) and transversions cause point mutations
(replacement of purine with pyrimidine or pyrimidine with purine).
Silent, missense, nonsense, and frameshift mutations all result in point
mutations.

How gene or point mutations are produced

Gene mutations are caused by faults in DNA replication,
recombination errors, spontaneous lesions, and transposable elements.
Specific mutagenic agents, such as UV light or aflatoxin, cause
induced mutations. The majority, however, are caused by mutagens,
which are external agents. Mutagens are substances that raise the
chances of causing a mutation.

Causes of point mutation

Point mutations are most commonly found during DNA replication.
A single point mutation has the potential to alter the entire DNA
sequence. The amino acid that the nucleotides code for can be changed
by changing one purine or pyrimidine. Spontanecous mutations that
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occur during DNA replication might result in point mutations.
Mutagens may speed up the rate of mutation [8]. Mutagens can be
either physical or chemical, such as UV rays, X-rays, or severe heat
(molecules that misplace base pairs or disrupt the helical shape of
DNA). Transposable elements are a key source of genetic change,
resulting in the emergence of new genes, changes in gene expression
during development, and substantial genomic rearrangements.

Transposable elements are increasingly being used by scientists to
create novel mutations. Transposable elements are DNA fragments
that can migrate from one part of the genome to the next. When they
relocate, they frequently produce a new mutant. The mutant is caused
by the presence of a fragment of DNA in a wild type gene, which
causes the gene's normal function to be disrupted [9]. Transposable
elements are increasingly being recognized as a powerful source of
insertional mutants as more is learnt about genes and genomes. The in-
depth understanding of the structure and function of transposable
elements is currently being used to find novel mutations. A specific
type of constituent is contained in the stocks that are formed. After
that, this stock is crossed with a genetic stock that is devoid of the
element. When the element reaches the virgin stock, it can start
moving around the genome. New mutations can be discovered by
carefully studying the offspring. Insertional mutagenesis is the name
given to this method of creating mutants.

Usefulness of mutation

Because the new mutant varieties and the original ones have the
same genetic background save for the mutated genes, mutation is the
most ideal strategy for breeding VPCs. As a result, new mutant
varieties can be grown under the same conditions as their parental
varieties, which isn't always the case with new varieties created by
cross breeding, which necessitate the development of new agronomies
for new forms. Because cross breeding is not possible in VPCs that do
not produce seed (for example, bananas), mutation breeding becomes
one of the few alternatives available (other than transformation).
Mutation breeding includes inducing mutations as well as isolating
and selecting beneficial mutations. Adventitious bud techniques,
continual pruning, grafting and cutting-back procedures, and in vitro
culture techniques are all effective strategies for developing mutants
that express phenotypic variation on an individual plant level. The vast
majority of mutations have neither detrimental or beneficial impact on
the organism in which they arise. These alterations are known as
neutral mutations [10, 11]. They are neutral because they code rather
than changing the amino acids in the protein. Stable mutations are
usually not developed until several vegetative generations have
passed.

Milestones in mutation breeding

Plant breeding can only improve when the breeder has an access to
enough variation for a particular trait. The required variation (e.g. a
disease resistant trait) is accessible within the crop's elite gene pool in
the best-case scenario. However, in many circumstances, the required
variety may exist but only in material that is distantly related to elite
lines, such as obsolete varieties, old landraces, or wild cousins
[12-14]. Obtaining such variation and refining it into a genetically
finely tuned commercial variety is a lengthy breeding procedure that
few plant breeders are interested in doing. The first breeding successes
were achieved by utilizing spontaneous (naturally occurring)
mutations. The most well-known example is the use of semi-dwarf
wheat and rice mutants in the 'Green Revolution'.

Germline mutations

It's a sort of mutation found in gametes. These mutations are
particularly important since they can be passed down to progeny, with
the mutations present in every cell of the offspring. Despite the fact
that germline mutation is a major cause of heritable disorders and a
driving force in evolution, its origins are poorly understood.

Somatic mutations

It is a different form of mutation that occurs in the body's other
cells. Because these mutations are limited to just one cell and its
offspring cells, they may have little impact on the organism [15-17].
Somatic mutations are distinct from Germaine mutations, which are
inherited genetic changes in germ cells (i.e. sperm and eggs). Somatic
mutations can't be handed down through the generations or inherited.
Somatic mutations are acquired by non-germline cells and cannot be
passed on to the children of the mutant cell's parent organism.
Environmental influences are commonly to blame, and they
accumulate in any organism's DNA despite effective DNA repair
systems.

Conclusion

This review provides an overview to what does a mutation refers,
the importance and the negative impact of it in agriculture, specially,
in plant aspects and also the merits and demerits of genetic mutation.
From the review we can conclude that Mutation is very important for
the evolution. Because it is a method or way that is useful to create
variations within organism. Mutations produce new variations, which
constitute the basis for evolution of new species in nature as well as
for breeding new varieties experimentally. The term "spontaneous
mutation”" refers to mutations that develop spontaneously in nature.
Some mutations are the result of spontaneous replication errors that
escape the DNA polymerases' proofreading function, which
synthesizes new polynucleotides at the replication fork, resulting in
the production of new progeny.

A mutation is a change in the nucleotide sequence of coding DNA
that may affect the amino acid sequences of proteins, or a change in
noncoding DNA that has the potential to influence the gene's
expression. Alleles are slightly different variants of the same gene
created by mutation. Every individual is distinct due to these minor
variations in DNA sequence. They explain the differences in human
hair color, skin color, height, shape, behavior, and disease
susceptibility. Individuals of other species differ in appearance and
behavior as well. Genetic diversity is beneficial because it allows
populations to evolve over time.

Variations that aid in the survival and reproduction of an organism
are handed down to the following generation. Variations that make it
difficult to survive and reproduce are wiped out of the population. In
just a few generations, natural selection can result in major changes in
the appearance, behavior, or physiology of individuals in a group.
Meiosis and reproduction combine distinct alleles in unique ways to
generate genetic variety once new alleles emerge. Currently, mutation
is being used extensively in agriculture to develop variances among
species that benefit humans. Mutations can cause changes in an
organism in general.
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