Variation and selection
IGCSE Biology

Variation

People show wide variation in many inherited features.

Variation means the differences between individuals of the same species
There are two types:

e continuous variation — a smooth range of phenotypes be-
tween two extremes (for example body length and body mass).

— a few separate phenotypes with nothing
, or seed shape in peas).

¢ discontinuous variation
in between (for example ABO blood groups

only. Continuous variation is
— for example, your height depends

Discontinuous variation is usually caused by genes
caused by both genes and the environment
on your genes and also on your diet.
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continuous: smooth range - discontinuous: discrete groups
Continuous variation is a smooth range; discontinuous variation falls into separate
groups

B Mutation

A mutation is a genetic change. Mutations are the way new alleles
are made, so they are the original source of all variation. (Supplement) A gene
mutation is a random change in the base sequence of DNA.

ATGCA

original:
a change in the
bases = a new allele

—>

mutated: ATTCA

A mutation changes the DNA bases, making a new allele

Ionising radiation (such as X-rays) and some chemicals raise the rate
of mutation. (Supplement) Other sources of genetic variation are meiosis
, random mating and random fertilisation

Adaptive features

is an inherited feature that helps an organism
in its environment.

An adaptive feature
to survive and reproduce



A camel is adapted to desert life: it stores fat in its humps and can survive a long
time without water

(Supplement)

¢ hydrophytes (water plants) have features such as air spaces to help
them float, and stomata on the upper leaf surface.

¢ xerophytes (desert plants) have features such as a thick waxy cuticle,
few small stomata, and the ability to store water — all to reduce water loss.

Natural selection

Natural selection
environment:

explains how a species becomes better suited to its

1. there is genetic variation in a population (caused by mutation).
2. organisms produce many offspring — more than can survive.

3. there is a struggle to survive, with competition for resources such as

food and space.
4. the individuals that are better adapted
produce.

are more likely to survive and re-

5. they pass on their alleles, so the helpful alleles become more common in the next
generation.

variation in
the population

Natural selection: the best-adapted survive, reproduce and pass on their alleles

struggle to survive best-adapted their alleles
(competition) survive & reproduce are passed on

more offspring
than can survive

over many generations the population becomes better adapted

The dark (melanic) form of the peppered moth — the form favoured on soot-darkened
bark

(Supplement) Over many generations this makes the population more suited to its
environment; this process is called adaptation. A clear example is antibiotic

-resistant bacteria . a few bacteria carry a resistant allele and survive
the antibiotic, then multiply, until the whole population is resistant.

Worked example. A moth species is mostly pale. Soot darkens the tree trunks
the moths rest on, and within a few decades most of the moths are dark. Explain
by natural selection. Variation is already there: a few dark moths exist by chance,
caused by mutation. On sooty bark the dark moths are better camouflaged, so birds
eat fewer of them and they are more likely to survive. The survivors reproduce
and pass the allele for dark colour to their offspring, so it becomes more common
each generation until most moths are dark. Follow the chain: variation, survival,
reproduction, the allele becomes more common. The moths did not turn dark in
order to hide - the dark ones simply survived more often.

Selective breeding

In selective breeding (also called artificial selection ), humans

choose which organisms breed:

1. choose the individuals that have the features you want.

2. cross them to produce the next generation.

3. choose the offspring that show those features, and repeat over many generations.



repeat over many generations

N

breed them choose the improved
together best offspring crop or animal

choose parents
with the
wanted feature

humans choose which breed (not the environment)

In selective breeding, humans choose which organisms breed, over many generations
This is used to improve crops (for example a higher yield) and farm animals
(for example cows that give more milk).

(Supplement) The key difference: in natural selection the environment decides
which individuals survive; in artificial selection humans decide.

Dairy cattle: generations of selective breeding for milk yield

Exam tips

« Continuous variation = a range (genes + environment); discontinuous = separate
groups (genes only).

¢« Mutation makes new alleles — the source of all variation. Radiation and some
chemicals raise the mutation rate.

o Natural selection: variation — too many offspring — struggle and competition —
the best-adapted survive and reproduce — they pass on their alleles.

« Antibiotic resistance in bacteria is natural selection in action.

o Selective breeding (artificial selection): humans pick the parents; in natural selec-
tion, the environment “picks”.



