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All living things on Earth contain a unique code within them, called
DNA. DNA is organised into genes, similar to the way letters are
ALY organised into words. Genes give our bodies instructions on how to
AGE: 13 function. However, the exact DNA code is different even between
individuals within the same species. We call this genetic diversity.
Genetic diversity causes differences in the shape of bird beaks, in the
flavours of tomatoes, and even in the colour of your hair! Genetic
diversity is important because it gives species a better chance of
survival. However, genetic diversity can be lost when populations
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GENE

A section of DNA that
contains the
instructions for a trait.

GENETIC DIVERSITY

The overall diversity in
the DNA between the
individuals of a species.

MUTATION

A change in an
organism’s DNA. This
can be a change of a
single letter or a much
bigger change of
hundreds of letters

at once.
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get smaller and isolated, which decreases a species’ ability to adapt
and survive. In this article, we explore the importance of genetic
diversity, discuss how it is formed and maintained in wild populations,
how it is lost and why that is dangerous, and what we can do to
conserve it.

WHY IS EVERYTHING AND EVERYONE A LITTLE BIT
DIFFERENT?

Earth contains millions of different species that all look different from
one another. While some species look more similar to each other than
others, like lions and tigers, they will still have differences between
them. Even within each species, individuals look similar to each
other but they are not identical. These differences and similarities
are because of many small differences between individuals’ genes.
All organisms have DNA and each individual's DNA is organised into
genes. These contain the instructions to build our bodies. This is similar
to the way that letters are combined to make words that then make
a story. DNA can be seen as the letters, genes the words, and their
instructions are the story. Small differences in DNA might change blue
eyes to green, or a butterfly’s wings from black to white, like how a
word can change when you replace a letter.

The combined differences in the DNA of all individuals in a species
make up the genetic diversity of that species. Genetic diversity causes
individuals to have different characteristics, which we can see even
in our groceries. Although all tomatoes belong to the same species,
the tomatoes we eat are hugely diverse, ranging from giant beefeater
tomatoes to tiny cherry tomatoes. There are also hundreds of apple
varieties (Figure 1), that range from red to green, tart to sweet, and
some apples even have pink flesh inside! Genetic diversity is what
makes these types of tomatoes and apples look so different [1].
Genetic diversity is also seen in animals. For example, dogs can be
large enough to pull sledges or small enough to sit nicely on your lap.
All dogs are from the same species, but they look different because of
genetic diversity! Though often more difficult to see, genetic diversity
is also extremely important in wild animals and plants.

HOW IS GENETIC DIVERSITY GENERATED?

Changes to an individual's DNA are called mutations (Figure 2).
Mutations can arise when mistakes are made while cells are copying
DNA, like making a spelling mistake when copying a word. These
mutations make up a species’ genetic diversity. Over generations,
more and more mistakes are made, leading to more mutations. Most
mutations are either harmful or have no impact at all, but sometimes
these mutations can cause changes that are helpful for a species.
The individuals that have these helpful mutations might have greater
chances of survival, and have more babies as a result [2]. This is
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An example of genetic
diversity in the food we
eat. All these apples are
one species. Different
alleles of the genes that
control their colour
cause the apples to be
green, yellow, red, or
almost purple.
Differences in the
alleles that control
flavour make each type
taste different.

The process of a
species changing in
order to better survive
in its environment.

Different variations of a
gene caused by
mutations. Many
species have two alleles
for every gene, one
copy from each parent.
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adaptation. When a mother and a father have babies, the DNA of
their baby is a mix of the parents’ DNA. Babies have two copies of
every gene in their DNA, one from each parent. Copies of the same
gene with different mutations are called alleles. When parents make a
sperm or an egg, alleles in each parent are shuffled and recombined,
and only one allele of a gene ends up in each sperm or egg cell.
When the reshuffled alleles from a mother and a father are combined
when sperm and eggs join, new mixes of alleles are created in the
babies [2, 3]. The mixing of alleles allows for new combinations of
mutations and characteristics, adding to a species’ genetic diversity
(Figure 2).

Not all species need a mother and a father to make a baby. Bacteria
can clone themselves (Figure 2) and directly pass their alleles from
a parent to its identical clone [3]. Any mistakes in the parent’'s DNA
will be passed on to the clone. Amazingly, bacteria can also give
alleles to each other, even if they are not related! This is a unique way
simple species like bacteria can increase their genetic diversity, without
relying on the mixing of alleles between a mother and a father [4].
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(A) Genetic diversity is
generated when
mutations create new
alleles over time.
Mixing alleles from
parents creates new
combinations of alleles
in their babies.
Organisms that can
clone themselves, like
bacteria, can pass
alleles to each other.
Each coloured dot
represents a different
allele. (B) Genetic
diversity can be lost
when habitat loss
divides populations or
when buildings or
highways isolate
populations. (C)
Creating protected
areas where individuals
from different
populations can
migrate and spread
their genes can help a
species to maintain its
genetic diversity.
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When a species has a lot of differences in its DNA, we say that genetic
diversity is high [2]. In species with high genetic diversity, there are lots
of mutations in the DNA, which cause differences in the way individuals
look as well as differences in important traits that we cannot see [2].
This is called adaptation. For example, some types of apples can grow
better in hotter environments, thanks to their genes. The variety of
characteristics in species with high genetic diversity means they are
more likely to successfully cope with changes in their environment.
A great example of this is seen in the peppered moths during the
industrial revolution [4]. Natural genetic diversity in peppered moths
produced different wing colours, ranging from light to dark. Before
the Industrial Revolution, peppered moths with light wings were more
common because they had the best camouflage on white tree trunks.
The Industrial Revolution caused a lot of air pollution that started to
cover tree trunks, making them black. Light-winged moths were no
longer camouflaged and were easy prey for birds. But dark-winged
individuals were now hidden! This meant that dark moths had an
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INBREEDING

Breeding between
closely related
individuals. Inbreeding
often happens when
populations are small
and there are few
options for mating.
Inbred individuals are
usually less healthy.

INBREEDING
DEPRESSION

Inbred individuals share
ancestors and are more
likely to have identical
copies of genes. If
these genes contain
harmful mutations,
they will be expressed
and cause lower health
of inbred individuals.

GENETIC RESCUE

A conservation
strategy, new
individuals are moved
into a population to
increase genetic
diversity and improve
population health.
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advantage and were more likely to live long enough to have babies.
The babies of dark moths were also dark because of the alleles they
inherited from their parents, so they were also more likely to survive.
The dark moths had higher fitness and became more common as a
result [4].

WHAT HAPPENS WHEN GENETIC DIVERSITY IS LOW?

When few mutations are found in the DNA of a species, genetic
diversity is said to be low [2]. Low genetic diversity means that there
is a limited variety of alleles for genes within that species and so
there are not many differences between individuals. This can mean
that there are fewer opportunities to adapt to environmental changes.
Low genetic diversity often occurs due to habitat loss. For example,
when a species’ habitat is destroyed or broken up into small pieces,
populations become small. Small, fragmented populations can lead to
loss of genetic diversity because fewer individuals can survive in the
remaining habitat so fewer individuals breed to pass on their alleles.
In small populations, the choice of mates is also limited. Over time,
individuals will all become related and will be forced to mate with
relatives. This is inbreeding. Inbred animals often have two identical
alleles for their genes because the same gene was passed on from
both parents. If this allele has harmful mutations, an inbred baby can
be unhealthy. This is called inbreeding depression [2].

If genetic diversity gets too low, species can go extinct and be lost
forever. This is due to the combined effects of inbreeding depression
and failure to adapt to change. In such cases, the introduction of
new alleles can save a population. This is called genetic rescue [2].
In the 1990s conservation scientists had to use genetic rescue to save
the Florida panther, which was threatened by extinction due to low
genetic diversity (Figure 3) [5]. Very few Florida panthers remained and
their genetic diversity was extremely low. Many Florida panther babies
were sick because of inbreeding depression. A closely related panther
with high genetic diversity was present in Texas. Texan panthers
were moved to Florida to have babies with the Florida panthers. This
increased genetic diversity because of the mixing of alleles we spoke
about before. Soon after the Texan panthers arrived, many healthy
kittens were born [5].

WHAT’'S HAPPENING TO GENETIC DIVERSITY AROUND THE
WORLD?

We hear a lot about the loss of species in the world, but we are also
seeing a loss of genetic diversity within species. The increasing number
of people on Earth and our increasing use of natural resources has
reduced space and resources for wild species. Over time, many wild
animal and plant populations have become smaller or more isolated.
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Figure 3

(A) The Florida panther
was once widespread,
with high genetic
diversity. (B) Hunting
and habitat loss
reduced population
size and resulted in very
low genetic diversity
and inbreeding. (C)
Eight female panthers
from Texas were
moved to Florida to
breed with Florida
panthers. (D) When the
Texas and Florida
panthers bred, new
alleles were introduced
into the population,
helping the Florida
panther population
become bigger and
healthier over time.
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A Florida panther population becomes fragmented
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Many species have also gone through local extinctions. This has led
to a global loss of genetic diversity. Scientists think that the genetic
diversity within species may have declined by as much as 6% globally
since the Industrial Revolution [6]. This means that many species are
less able to adapt when facing new challenges, like climate change,
pollution, and new diseases. If too much genetic diversity is lost,
more and more species could become unhealthy and in need of
conservation actions similar to the Florida panther. However, there
are steps we can take to conserve and restore genetic diversity across
many species.

HOW DO WE STOP GENETIC DIVERSITY LOSS?

We must preserve and protect genetic diversity. This can be done
through the conservation of our remaining wild populations [2].
We can use nature reserves and wildlife bridges to reconnect wild
populations that have become separated by our cities and highways.
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We can also restore habitats, because this will allow wild populations
to get bigger. Sometimes we can even remove harmful stressors
and pests so that populations can naturally regrow. We can also
reintroduce species that have been lost from habitats they used to live
in. Taken together, these strategies can help stop genetic diversity loss.
It is important to protect genetic diversity because it is the foundation
for healthy species. Healthy species are necessary for human health
and for the health of the whole planet!
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