Evolution

A change in genetic composition of a population from generation to generation. It consists of
progressive changes in the gene pool, associated with progressive adaptation of a population to its
environment.

Most evolutionary change the result of...

* Mutation

* Gene flow

* Genetic drift

* Natural selection



Mutation

Sudden heritable change in genetic material or character of an organism is known as mutation

Mutation is the original source of all genetic variation, mutation rate for most organisms is pretty low. So, the
impact of brand-new mutations on allele frequencies from one generation to the next is usually not large.
However, natural selection acting on the results of a mutation can be a powerful mechanism of evolution.
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Non-random mating

In non-random mating, organisms may prefer to mate with others of the same genotype or of
different genotypes. Non-random mating won't make allele frequencies in the population
change by itself, though it can alter genotype frequencies. This keeps the population from
being in Hardy-Weinberg equilibrium, but it’s debatable whether it counts as evolution, since

the allele frequencies are staying the same.
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Gene flow

Gene flow involves the movement of genes into or out of a population, due to either the
movement of individual organisms or their gametes (eggs and sperm, e.g., through pollen
dispersal by a plant). Organisms and gametes that enter a population may have new alleles, or
may bring in existing alleles but in different proportions than those already in the population.

Gene flow can be a strong agent of evolution.
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Non-infinite population size (genetic drift)

Genetic drift involves changes in allele frequency due to chance events — literally, "sampling
error" in selecting alleles for the next generation. Drift can occur in any population of non-

infinite size, but it has a stronger effect on small populations.
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Natural selection

Finally, the most famous mechanism of evolution! Natural selection occurs when one allele (or
combination of alleles of different genes) makes an organism more or less fit, that is, able to
survive and reproduce in a given environment. If an allele reduces fitness, its frequency will

tend to drop from one generation to the next. We will look in detail at different forms of natural

selection that occur in populations.
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All these five mechanisms of evolution may act to some extent in any natural
population. In fact, the evolutionary trajectory of a given gene (that is, how its
alleles change in frequency in the population across generations) may result
from several evolutionary mechanisms acting at once. For instance, one gene’s
allele frequencies might be modified by both gene flow and genetic drift. For
another gene, mutation may produce a new allele, which is then favored (or

disfavored) by natural selection.



Mutation



Introduction and History
Sudden heritable change in genetic material or character of an organism is known as mutation
Individuals showing these changes are known as mutants
An individual showing an altered phenotype due to mutation are known as variant
Factor or agents causing mutation are known as mutagens
The term mutation is coined by Hugo de Vries in 1900 by his observation in Oenothera
Systematic study of mutation was started in 1910 when Morgan genetically analyzed white eye
mutant of Drosophila
H. J. Muller induced mutation in Drosophila by using X- rays in 1927 ; he was awarded with

Nobel prize in 1946



Characteristics of Mutation

* Generally mutant alleles are recessive to their wild type or normal alleles

* Most mutations have harmful effect, but some mutations are beneficial

* Spontaneous mutations occurs at very low rate

* Some genes shows high rate of mutation such genes are called as mutable gene

* Mutation can occur in any tissue/cell (somatic or germinal) of an organism

* Only mutation in gamete cell are passed onto offspring, while mutation in somatic
cell (body cell) only affect the organisms in which they occur and not passed onto

offspring.



Classification of mutation

Based on causes of mutation
1. Spontaneous mutation

Spontaneous mutation occurs naturally without any cause. The rate of spontaneous mutation is very
slow e.g.- Methylation followed by deamination of cytosine.

Rate of spontaneous mutation is higher in eukaryotes than prokaryotes.

e.g. UV light of sunlight causing mutation in bacteria

2. Induced Mutation

Mutations produced due to treatment with either a chemical or physical agent are called induced
mutation . The agents capable of inducing such mutations are known as mutagen.

use of induced mutation for crop improvement program is known as mutation breeding.

e.g. X- rays causing mutation in cereals



Based on tissue of origin
1. Somatic mutation

A mutation occurring in somatic cell is called somatic mutation. In asexually reproducing species somatic
mutations transmits from one progeny to the next progeny

2. Germinal Mutation

When mutation occur in gametic cells or reproductive cells are known as germinal mutation. In sexually
reproductive species only germinal mutation are transmitted to the next generation



Chromosomal mutations

Changes in the number, size, or organization of chromosomes within a species are termed
chromosomal mutations. Changes in the structure of chromosomes may occur by deletion, when a
segment of chromosomes is lost; by duplication, when a segment is added; by inversion, when a
chromosomal segment rotates 180 degrees within the same location; or by translocation, when a segment
changes from one location to another in the same or a different chromosome.

» Deletion- loss of part of
chromosome

* Duplication- extra copy
made of part of
chromosome

* |nversion- reverses direction
of part of chromosome

» Translocation- part of one
attaches to another
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Gene mutation

Gene mutations are changes in the genetic sequence. Gene mutation is caused by substitution,
insertion or deletion of one or more nucleotides.

Substitution Insertion Deletion

Original sequence | O G?A G TGGCAG TG GG
Mutated sequence | G GA G TG GC AG TGGG



Point Mutation

Change within a gene in which one base pair in the DNA sequence is altered. A point mutation is a
genetic mutation where a single nucleotide base is changed, inserted or deleted from a sequence of DNA
or RNA. It can be due to an error during DNA replication but can occur as a result of exposure to
radiation, such as X-rays.

There are two types of point mutations: transition mutations and transversion mutations.

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.

Transversion mutations occur when a purine base substitutes for a pyrimidine base, or vice versa;
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Here is an example:

If we have a sequence of DNA: TAC GAA TCA GCT
Transcribed mRNA: AUG CUU AGU CGA

Translated into amino acid: Methionine Leucine Serine Arginine

With a substitution of a purine base, so say base C is replaced by G so GCT in the DNA becomes
GGT.

Our new sequence of DNA: TAC GAA TCA GGT
New transcribed mRNA: AUG Cuu AGU CCA
Translated into amino acid: Methionine Leucine Serine Proline

Only one amino acid has changed here, so instead of Arginine we form the amino acid Proline.



Sickle Cell disease is the result of one nucleotide substitution
Occurs in the hemoglobin gene




Frameshift Mutation

Frameshift mutation is a change in the genetic code in which a nucleotide base is either inserted into the
sequence of nucleotides, or deleted from the sequence of nucleotides. Since translation and subsequent
protein synthesis relies on reading codons in triplets, inserting or deleting one or more nucleotides changes

the “reading frame”.

ion number P 1795 179¢€ 1797 1798
R #' ......... T T T T T
DNA '?LY‘LL'L 3 T';'LI'L ¥
Unaltered : SIS . :
Protein Lys ~ Ser

umber
DNA “[AHAV}—L
p 'L'ys .

Altered

Protein



What is the difference between Point and Frameshift Mutation

A point mutation is a change in a base pair, while a frameshift mutation is a base insertion or base

deletion.

* Point mutations are transitions or transversions, frameshift mutations are not.

* Asingle point mutation only affects one amino acid, while a single frameshift mutation affects the
entire subsequent amino acids.

* Point mutations don’t impact the reading frame while frameshift mutations do.

* A disease caused by a point mutation is sickle-cell anemia, while a disease caused by a frameshift

mutation is Tay-Sachs disease.



Gene flow vs Genetic drift vs Natural selection



Gene pool

Gene pool, sum of a population’s genetic material at a given time. The term typically is used in reference to a
population made up of individuals of the same species and includes all genes and combinations of genes (sum
of the alleles) in the population.

The composition of a population’s gene pool can change over time through evolution. This can occur by a
variety of mechanisms, including mutations, natural selection, gene flow and genetic drift. The result is a gene
pool that is altered to be attuned to the needs of the population’s specific environment. For example, the
migration of human populations from equatorial regions toward northern climates, where they were exposed
to relatively low amounts of sunlight, resulted in changes over time in skin pigmentation, with skin becoming
lighter in colour to augment vitamin D absorption (vitamin D is critical for proper bone development). The
genetic modifications underlying the change in pigmentation ultimately became a part of many of those
populations’ gene pools. The ability of a population to adapt and evolve is thought to be influenced in part by
the size of its gene pool. A large and diverse gene pool, for example, may improve a population’s chances for
future adaptation to changing environmental conditions. Populations with smaller, narrower gene pools, on the

other hand, may be less successful when confronted with swift environmental change.



Gene flow

Gene flow, also called gene migration, the introduction of genetic material from one population of a species to
another, thereby changing the composition of the gene pool of the receiving population. The introduction of
new alleles through gene flow increases variability within the population and makes possible new combinations
of traits. In humans gene flow usually comes about through the actual migration of human populations, either
voluntary or forced.

Although gene flow does not change allele frequencies for a species as a whole, it can alter allele frequencies in
local populations. In the case of migration, the greater the difference in allele frequencies between the resident
and the migrant individuals, and the larger the number of migrants, the greater the effect the migrants have in
changing the genetic constitution of the resident population.

When organisms move into or out of a population, gene flow either eliminates or introduces new alleles to the

gene pool.



Genetic drift

Genetic drift is change in allele frequencies in a population from generation to generation that
occurs due to chance events. Or Random change in allelic frequency due to chance is called
random genetic drift or simply genetic drift.

To be more exact, genetic drift is change due to "sampling error" in selecting the alleles for the next
generation from the gene pool of the current generation.

Although genetic drift happens in populations of all sizes, its effects tend to be stronger in small
populations.

Genetic drift may be due to mortality caused by random factors such as floods, fires or cyclones etc.



Genetic Drift
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Genetic drift in a population can lead to the elimination of an
allele from a population by chance.

In this example, rabbits with the brown coat color allele (B) are
dominant over rabbits with the white coat color allele (b). In
the first generation, the two alleles occur with equal frequency
in the population, resulting in p and q values of .5. Only half of
the individuals reproduce, resulting in a second generation
with p and g values of .7 and .3, respectively. Only two
individuals in the second generation reproduce, and by chance
these individuals are homozygous dominant for brown coat
color. As a result, in the third generation the recessive b allele

is lost.



Natural Selection

The theory of natural selection was first developed by Charles Darwin in his famous book,
The Origin of Species (1859).

According to the theory of natural selection, “Individuals that are better adopted to their
environment survive and reproduce more successfully than less well adopted individuals.

As a result of this process, the alleles that enhance survival and reproduction increase in
frequency from generation to generation, and the population becomes progressively
better equipped to survive and reproduce in the prevailing environment (Survival of the

fittest). This progressive genetic improvement constitutes the process of evolutionary

adaptation.
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Here are some examples of natural selection:

In a habitat there are red bugs and green bugs. The birds prefer
the taste of the red bugs, so soon there are many green bugs
and few red bugs. The green bugs reproduce and make more
green bugs and eventually there are no more red bugs.

In an ecosystem, some giraffes have long necks and others
have short ones. If something caused low-lying shrubs to die
out, the giraffes with short necks would not get enough food.
After a few generations, all the giraffes would have long necks.

A species of rats live in a certain type of tree with the branches
evenly spaced. Smaller rats could not reach from branch to
branch and larger rats would break the branches and fall. Soon,
all rats were just the right size for the tree branches.

Deer mice that migrated to the sand hills of Nebraska changed
from dark brown to light brown to better hide from predators
in the sand.



