R. A. Fisher (1890-1962), in his seminal 1930 book The
Genetical Theory of Natural Selection, formalized natural
selection in mathematical terms. He demonstrated how
continuous, quantitative variation could be explained by the
action of natural selection on many Mendelian genes of small
effect, introducing concepts like variance and the fundamental
theorem of natural selection.

J. B. S. Haldane (1892-1964), through a series of papers
entitled 4 Mathematical Theory of Natural and Artificial
Selection (1924-1934), provided the first rigorous mathematical
treatments of the interaction between selection and mutation. He
calculated the rate of spread of beneficial alleles and the genetic
load of deleterious mutations, providing concrete models for
evolutionary change.

Sewall Wright (1889-1988) emphasized the importance of
population structure and stochastic effects. His "shifting balance
theory" introduced the concept of genetic drift—the random
fluctuation of allele frequencies in small, isolated populations—
and highlighted the role of gene interactions (epistasis) and

adaptive landscapes in guiding evolutionary change.

Around the 1930s, population genetics transitioned from a purely
theoretical pursuit to an experimental science. This was facilitated by
the development of laboratory tools such as population cages (also
known as demetometers), which allowed researchers like Th.
Dobzhansky maintained and manipulated populations of model

organisms, particuarly Drosophila (fruit flies), over multiple



generations. These controlled experiments enabled the direct

observation of selection, mutation, and drift.

The work of Theodosius Dobzhansky was instrumental in bridging the
gap between mathematical theory and empirical observation. In his
landmark 1937 book, Genetics and the Origin of Species, Dobzhansky
synthesized the mathematical models of Fisher, Haldane, and Wright
with his extensive field and cytological research on natural populations.
He provided compelling evidence for the action of natural selection by
documenting geographic clines in chromosome polymorphisms and
fitness variations in the wild, thereby demonstrating that selection was

a primary mechanism driving speciation.

This integration of theory and evidence catalyzed the Modern
Evolutionary Synthesis (c. 1936-1947), a broader conceptual
unification led by Dobzhansky, Ernst Mayr (systematics), George
Gaylord Simpson (paleontology), and G. Ledyard Stebbins (botany). A
central tenet of this synthesis, firmly established by population genetics,
is that evolution is a change in the allele frequencies within a population
over time. The cumulative effects of evolutionary mechanisms—
namely natural selection, genetic drift, mutation, and migration—acting
upon this genetic variation are what lead to divergence and, ultimately,
the phenomenon of speciation, or the emergence of new biological

species.



Key Concepts in Population Genetics
Allele: One of the alternative forms of a gene found at a given locus.

Biotope: A biological environment characterized by uniform living

conditions.

Dominance: In genetics, dominance refers to the relationship between
two alleles of the same gene, in which the phenotype of a heterozygous
individual is determined entirely by one allele, with no contribution

from the other.

Ethnicity: A group of humans defined by shared cultural and

civilizational traits, such as language and traditions.

Gene: A defined unit located on a chromosome that transmits a

hereditary trait.

Gene pool: The complete set of genes, or genetic information, shared

by the members of a population of sexually compatible organisms.

Genome: The entirety of an organism’s genetic material contained in
its cells in the form of chromosomes. The physical basis of the genome

1s DNA.

Genotype: The genetic makeup of an individual, defined by the set of

alleles carried for a particular gene.

Heterozygous: The condition in which the two alleles of a gene differ;

typically, one is dominant and the other is recessive.



Homozygous: The condition in which both alleles of a gene are

identical, whether dominant or recessive.

Inbreeding: Reproduction between genetically related individuals,

which increases homozygosity within a population.

Isolate: A population or species that is completely genetically isolated

from others.

Locus (plural /oci): The precise and constant location of a gene on a

specific chromosome.

Phenotype: The observable manifestation of the genotype. It describes
the outward appearance or measurable state of an individual with

respect to one or more traits.

Race: A subdivision within a species, consisting of individuals with
common genotypic and phenotypic traits that distinguish them from
other groups. The term is traditionally used for animals, where it is
preferred over '"variety." Interbreeding between races typically

produces fertile offspring.

Recessivity: A genetic condition in which an allele does not produce a

phenotypic effect when present as the sole copy in a heterozygous state.

Species: A group of individuals that share similar genetic
characteristics. In sexually reproducing organisms, members of the
same species are capable of interbreeding and producing fertile
offspring. They also share the same chromosomal complement. In
prokaryotes, species identity is based on genomic and phenotypic

similarity.



Definition and Objectives of Population
Genetics

Population genetics is the branch of biology that provides a quantitative
framework for studying the genetic composition of biological
populations, and the temporal and spatial changes in that composition
driven by evolutionary processes. It is a synthetic discipline that
combines empirical observation with mathematical theory to explain
the origin, amount, and distribution of genetic variation within and

between populations.

This field holds a special place in the biological sciences due to its
highly interdisciplinary nature. It serves as a foundational pillar that
integrates concepts and methodologies from molecular biology (e.g.,
DNA sequencing), genetics (Mendelian and molecular), ecology (e.g.,
population dynamics), evolutionary biology, natural history, and
applied fields like conservation biology, plant and animal breeding. Its
theoretical core is built upon the sophisticated application of

mathematics and statistics to model evolutionary change.

While Mendelian genetics, initiated by Gregor Mendel, focuses on
understanding the transmission of hereditary traits and genetic
determinism through controlled crosses between individuals and the
analysis of their offspring, population genetics operates at a higher level
of organization. The discovery of DNA as the carrier of genetic
information further empowered both fields, providing a molecular basis

for observed variation.



