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ABSTRACT

This mini-review deals with the journey of evolution and the related
mechanisms which play a pivotal role in diversification of living
beings. Various factors are involved in the process like mutations
and environment. Charles Darwin was the first one to propose the
idea of natural selection which ensures the development of
beneficial traits in species of a particular region, thus resulting in
mass propagation. The review highlights the development of species
ranging from unicellular organisms to multicellular complex species
including the appearance of Homo sapiens. Various eras like
Cambrian and Mesozoic periods have also been explained showing
the changes in environmental conditions which resulted in the
natural selection of different species. This review provides an
understanding of mechanisms and milestones of evolution, helping

1. INTRODUCTION

Life has evolved into a diversity of species,
ranging from towering trees to microscopic
organisms, thriving both in optimum as well as
harsh environments. This itself is a proof of the
magnification of the evolutionary process, that
demonstrate how life has transformed and
diversified over gazillion years.

Evolution is a continuous process, affected by
multiple factors, and shapes the world we live
in (Futuyma, 2023). To understand how life
adapts to changing environments, the
diversification of different live forms, and even
the process of speciation, a comprehensive
understanding of the mechanisms of evolution
is required.

Perhaps the first theory of evolution was put
forward by Charles Darwin in 1859 in his book
"On the Origin of Species". Even today, his
observations serve as a keystone in the
understanding of the evolutionary mechanisms
(Searcy et al., 2023).
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in a better perception of life.

He hypothesized that the phenotypic
differences found in individuals can be
heritable. Moreover, individuals possessing
characters that help them adapt better to their
surroundings make them fit for survival and
therefore, these characters are passed to their
progeny. When this process carries on for
generations, the accumulation of the beneficial
traits can lead to the appearance of new species.

Diverse areas of paleontology, comparative
biology, and genetics support the theory of
natural selection (Willemart, 2023). For
example, clear signs of evolution of life forms
have been observed in fossil records, with
simpler organisms giving rise to more complex
ones. Genetic studies revealed that all living
beings share a common ancestor, and that the
extent of genetic similarity between species
reflects their evolutionary relationships.
Furthermore, studies of development and
comparative anatomy have shown noteworthy
likenesses between organisms that diverged
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millions of years ago,
evolutionary history.

telling a shared

This mini review will throw light over the
major themes and mechanisms of evolution.
The first section will deal with three main
drivers of evolutionary change i.e., natural
selection, genetic drift, and mutation. The
second section will include some of the most
significant events in the history of life,
including the origin of life, the Cambrian
Explosion, and the evolution of humans.
Finally, the last section will discuss current
research in the field of evolution and highlight
some of the key questions that remain
unanswered.

It is important to mention that several topics
and disciplines have been included in the field
of evolution. This mini review will throw light
on selected themes but hope to provide a study
can be a potential bedrock for further
exploration and deeper understanding.

2. MECHANISMS OF EVOLUTION:
UNVEILING THE DANCE OF
CHANGE

Evolution comes into play with a combination
of selection and chance. The three fundamental
mechanisms of evolution are genetic drift,
natural selection, and mutation each of which
plays its significant role in evolutionary
process.

2.1 Natural Selection: The Sculptor of
Fitness

Darwin and Wallace supported the
evolutionary process; Darwin explained the
process particularly with the support of three
logical principles. First is the “phenotypic
variation” that deals with  different
physiological, morphological, and behavioral
characteristics in different individuals. The
second principle speaks about the “differential
fitness” that individuals with different
phenotypic traits exhibit different survival and
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reproduction rates in a particular environment.
Third principle relates to “heritable fitness”
stating that parents and offsprings are
correlated to each other for contributing to
upcoming generations (Saccheri and Hanski,
2006). If, for example, a population displays a
variety in traits, these typically arise from
differences in genetic make-up, often called as
mutations. When the environment changes,
some of the members within a species tend to
adapt the changes by evolving several
characteristics, be it camouflage for a moth or
swiftness for a gazelle. Such individuals are
more likely to survive, passing on their
advantageous genes to future generations. Over
generations, this competition of survival and
reproduction leads to the gradual collection of
beneficial traits, molding the population
towards higher fitness.

Evidence for Natural Selection's Sculpting
Power Abounds:

e Antibiotic resistance: Bacteria constantly
undergo mutations and evolve to adapt harsh
environments by resisting antibiotics which
allow them to survive and reproduce
(Morrison and Zembower, 2020).

e Industrial melanism; In  peppered moth
populations, the prevalence of darker moths
enhanced during the Industrial Revolution
due to their better camouflage against soot-
covered trees. This validates how
environmental change can drive natural
selection (Vellend, 2016).

e Mimicry: Some harmless species have
evolved to dangerous ones, ensuring
protection from predators through natural
selection. This showcases the intricate
adaptations that can arise (Ruxton et al.,
2019).

Natural selection, however, is not a
deterministic force. Its effectiveness depends
on the presence of heritable variation and the
strength of environmental pressures.
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2.2 Genetic Drift: The Game of Chance

Despite the phenomenal working of natural
selection, evolution also comprise an element
of chance — genetic drift. Imagine a small
population, perhaps due to a bottleneck event
like a flood or volcanic eruption. The random
sampling of alleles during reproduction can
lead to changes in allele frequencies in the
population, even in the absence of selection.
This is genetic drift, the stochastic fluctuations
in allelic frequencies that can sometimes lead
to the loss of genetic diversity or even the
fixation of unfavorable alleles. While
seemingly random, genetic drift has
noteworthy consequences:

e Founder effect: With colonization in a new
environment, genetic drift can lead to
populations with different allelic frequencies
compared to the parent population. This is
observed in island populations, where unique
adaptations can arise (Hey et al., 2005).

e Loss of genetic diversity: Genetic drift can
limit a population's adaptivity to future
environmental changes, thus reducing
genetic diversity. This is a concern for
endangered species with small population
sizes (Erard, 2004).

While genetic drift plays a smaller role in large
populations, it can have a substantial impact in
forming the evolutionary pathways of small
populations and contributing to speciation.

2.3 Mutation: The Spark of Novelty

Evolution is a dynamic process which can
introduce random changes in DNA, whether
single nucleotide substitutions or larger
chromosomal rearrangements termed as
mutations. These be beneficial, harmful, or
neutral. However, most of the mutations turned
out to be dangerous ones and undergo
elimination by natural selection, some provide
the raw material for evolution by creating novel
traits. Mutations play a crucial role in:
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e Origin of new genes: Mutations leading to
genetic duplications cam result in the
creation of new genes and their functions
which has always been a pivotal step in the
emergence of complex characters (Hughes et
al., 1989).

e Antibiotic resistance: Mutations in bacterial
DNA can be advantageous like the antibiotic
resistance (Morrison and Zembower, 2020).

e Cancer development: Mutations, if harmful,
can disturb the gene regulation and can lead
to uncontrollable division of cells leading to

cancer  development (Hanahan and
Weinberg, 2000). This highlights the
delicate balance necessary in  gene
regulation.

2.3.1 The Rate of Mutation

The rate of mutation varies across different
regions, organisms and even within the
genome. Some regions in the genome are more
likely to be affected by the mutations than
others (Lynch, 2010). Literature reports the
correlation of genetic drift in comprehending
the concept of mutation-rate evolution. It was
observed that most of the mutations are lethal,
he argued that due to natural selection, mutator
alleles are randomly selected by recombination
that are generated elsewhere in the genome and
are passed on to the next generation (Lynch et
al., 2016). To counter these random harmful
changes, organisms have developed repair
mechanisms. Hence, it is important to
understand the prevalence of mutations in a
population to predict the evolutionary process
and new genetic variations.

2.3.2 The Role of Environment in Mutation

Despite random mutations, the environment
can also influence which type of mutation can
be beneficial for a particular type of a
population in a specific time (Carja et al.,
2014). For instance, increased radiation can



increase the rate of mutations which can affect
the fitness of an organisms in a particular
environment. This plays a key role in
diversification as well as adaptation of
organisms.

3. Major Events in Evolution: Milestones on
the Tree of Life

Evolution comprises of a long list of important
events, starting from the origin of life and all
the way to the evolution of human beings.

3.1 The Origin of Life

The origin of life remains debated and actively
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Francesco Redi (experiments on rotting meat
and maggots), John Needham and Lazzaro
Spallanzani (experiments on chicken broth)
supported the idea of spontaneous generation
by stating the presence of “vita force” which
results in the spontaneous formation of living
beings. This idea was disproved by Louis
Pasteur (swan-necked flasks experiments) who
disproved the spontaneous generation and
came up with the concept of “biogenesis” i.e.,
livings things are produced from other living
things (Blais, 1979). Moving on with the idea
of creation of life from living organisms, what
is certain is that life arose approximately 3.8
billion years ago, marking the first chapter in
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Figure 1. The chronological timeline from past to present highlighting significant evolutionary events

3.2 The Cambrian Explosion

Around 541 million years ago, a period called
as the Cambrian Explosion (Erwin, 2020),
observed a noteworthy modification of life
forms. Progression was seen from simple
unicellular to complex multicellular organisms
that spread from lands to the depths of oceans,
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showcasing an astonishing arrangement of
body forms.  Organisms like arthropods,
mollusks, and chordates trace back to this key
era, suggesting a decisive point in evolution
(Tang, 2018).
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3.3 The Evolution of Plants

Around 470 million years ago, plants appeared
on land with adaptations required for
colonization. These adaptations include
surviving desiccation, obtaining nutrients from
the soil, and reproducing even without water by
evolving their vasculature and reproductive
systems. Such advancements helped the plants
to flourish resulting in the formation of a
terrestrial zone (Jill Harrison, 2017).

3.4 The Rise of Dinosaurs

The Mesozoic era (252-66 million years) was
marked by the supremacy of dinosaurs where
diverse reptiles dominated for approximately
180 million years. The adapted to the
environment with modifications in the mode of
nutrition i.e., herbivores or carnivores and
bipedalism. Such adaptations help them to
survive in several diverse ecological niches
(Benton, 2024).

3.5 The Rise of Mammals

The mass extinction of dinosaurs was followed
by the diversification of mammals from
ordinary to well-equipped organisms like
insulating  fur, warm-bloodedness, and
developed brains. (Werdelin and Sanders,
2010).

3.6 The Evolution of Primates

Primates showed up within the diverse group
of mammals, characterized by grasping hands,
larger brains, and strong eyesight. The history
highlights the divergence in our lineage from
the primates, thus embarking on an exclusive
evolutionary pathway. Key events include the
evolution of bipedalism, free hands for tool
use, and the use of complex language, thus,
acquiring physical and cognitive traits that
define us as Homo sapiens through innovation
and adaptation (Fleagle, 2013).
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3.7 The Emergence of Homo Sapiens

We, Homo sapiens, are estimated to have
emerged around 300,000 years ago exhibiting
the advancement of tools, structural
complexation, and language as hallmarks of
our lineage. (Barash, 2012).

4. CONCLUSION

Evolution is continuously shaping the life on
Earth based on natural selection, mutation, and
genetic drift. Each process plays an important
role in introducing astonishing diversity among
the species ranging from the unicellular simple
organisms  to  complex  multicellular
individuals. It is of the fact that a major part of
evolutionary study remains unfold. To
comprehend those concepts, it is essential to
become cognizant of the mechanisms that
come into play for development and
progression that will help in revealing the
conundrum of evolutionary pathway.
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