Genetic Drift

Genetic drift is a fundamental evolutionary mechanism that involves random
changes in the frequency of genes (alleles) in a population over time. Unlike natural
selection, which favors traits that enhance survival or reproduction, genetic drift
operates by chance alone—similar to flipping a coin. It is especially significant in
small populations, where random events can drastically influence which genes
persist and which disappear.

1. What is Genetic Drift?

Genetic drift refers to stochastic (random) changes in allele frequencies from one
generation to the next. These changes are not driven by adaptive advantages but by
chance events—such as which individuals happen to reproduce or survive.

Even neutral or slightly harmful alleles may increase in frequency simply because
the individuals carrying them reproduced. Conversely, advantageous alleles might
be lost if their carriers fail to reproduce due to unrelated factors like accidents or
illness.

2. Random Changes in Small Populations

The impact of genetic drift is amplified in small populations. In large populations,
random events tend to balance out due to the law of large numbers, but in small
populations, a single chance event—such as a flood, disease, or random deaths—can
significantly alter allele frequencies.

Example: If a remote village has only 10 reproductive couples and only a few
of their children inherit the gene for blue eyes, that gene could disappear
entirely within a generation—even though it’s not harmful.

3. Fixation and Loss of Alleles

Over successive generations, some alleles may become fixed (where all individuals
carry the same allele), while others may vanish completely. This happens by
random inheritance patterns, not because one gene is inherently better than the
other.

Once lost, an allele usually does not return unless it is reintroduced through
mutation or gene flow (immigration from other populations).
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Example: On a small island where rabbits with the black-fur gene die in a
storm before reproducing, the gene may vanish permanently, leaving only
white-furred rabbits.

4. Reduction in Genetic Variation

Genetic drift typically leads to a decline in genetic diversity. This means that fewer
gene variants are available for the population to adapt to changing conditions, such
as new diseases or climate shifts.

Genetic diversity functions like a toolkit—the more tools (alleles) a population
has, the better it can respond to environmental challenges. Drift reduces the number
of tools, weakening the population’s resilience.

Case Study: The northern elephant seal, once hunted nearly to extinction,
was reduced to about 20 individuals in the 19th century. As a result, modern
populations show extremely low genetic variation, making them vulnerable
to disease and infertility.

5. Genetic Drift Works Independently of Selection

Unlike natural selection, which promotes beneficial traits, genetic drift is
completely blind to whether a gene is helpful, harmful, or neutral. A gene that
improves survival might be lost, while a deleterious one might spread simply
because of chance.

Example: In an Amazonian tribe, a gene aiding starch digestion could
disappear if the only carrier dies young in a hunting accident. The gene's utility
doesn’t guarantee its survival.

This aspect makes genetic drift a powerful force in neutral evolution, as
emphasized in the writings of Motoo Kimura, a renowned Japanese geneticist
who developed the Neutral Theory of Molecular Evolution.

6. Two Major Types of Genetic Drift
A. Founder Effect

The founder effect occurs when a few individuals leave a larger population and
establish a new group. The genetic makeup of this new population reflects only the
alleles carried by the founders—often a non-representative sample of the original
population’s diversity.

This can lead to:

e Overrepresentation of rare alleles
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e Genetic diseases becoming common
e Rapid divergence from the original population

Example: The Amish community in Pennsylvania, studied extensively by the
University of Pennsylvania School of Medicine, was founded by a small
number of Swiss-German immigrants. Due to their endogamous
(within-group) marriage practices, rare conditions like Ellis-van Creveld
syndrome (short stature, extra fingers) became disproportionately common.

B. Bottleneck Effect

A population bottleneck occurs when a large population is suddenly reduced in
size due to natural disasters, epidemics, or human activity (e.g., war or habitat
destruction). The survivors pass on only a fraction of the original gene pool.

Effects include:
e Loss of genetic diversity
e Higher frequency of certain alleles
e Long-term vulnerability to disease or change

Example: Cheetahs experienced a severe bottleneck during the last Ice Age.
Modern cheetahs are almost genetically identical, making them highly
susceptible to infections and reproductive problems.

7. Broader Evolutionary and Medical Implications

e Reveals how populations diverge without selection.
e Helps explain speciation events in isolated environments.
e Offers insight into microevolutionary processes over short timescales.

e Driftis critical in understanding disease prevalence in isolated or
bottlenecked human populations.
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