Exercise walk-through

17.1

Variation
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Variation

Variation is the differences
between individuals: genes only,
environmental factors

discontinuous: discrete classes - continuous: smooth range (often polygenic) only (a scar), or a combination —
discontinuous continuous )
L height depends on both.
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The t-test t compares
two sample means.



Selection & Evolution

L Variation and selection

Two kinds of variation

Discontinuous variation

Continuous variation

Where it comes from

Discontinuous variation . clear, separate groups
with nothing in between — blood group A, B, AB or O. Con-
trolled by one or a few genes

Continuous variation : a smooth range from one
extreme to the other, such as height. Controlled by many
genes together, plus the environment.

A chance mutation is the only source of a genuinely
new allele; meiosis and fertilisation then shuffle what already
exists.

The shape of the graph gives it away: separate bars for discontinuous, a bell-shaped curve for

continuous.
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Natural selection

Too many offspring

compete . the best
adapted survive &
reproduce , passing on their
alleles.

Over generations, help-
ful alleles become com-
mon — natural selec-
tion . Antibiotic
resistance is the
same process.
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Types of selection

m stabilising — favours the average
m directional — shifts the mean one way

m disruptive — favours both extremes
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Selection pushes three different ways

stabilising directional disruptive
the middle is fittest, so one extreme is fittest, so both extremes beat the
the extremes are trimmed the whole distribution middle, so the pop-
— birth mass in humans shifts — the peppered ulation splits in two
moth dark-

ening on_sooty bark

The peppered moth is the standard example because both forms are still there: the pale

one hides on lichen - the dark one on soot, and which is commoner follows the
bark.
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Exercises 2.1:2.2

2.1 State whether each is continuous or discontinuous variation: human height; ABO
blood group. 2]

2.2 Give one example of a feature caused by both genes and the environment. 1]



A-Level Biology

Exercises 2.1:2.2

2.1 State whether each is continuous or discontinuous variation: human height; ABO
blood group. 2]

2.1

e height — continuous; ABO blood group — discontinuous

2.2 Give one example of a feature caused by both genes and the environment. [1]

2.2

o c.g. height / body mass / skin colour
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Exercises 3.1-3.2

3.1 Which feature shows discontinuous variation?
D A body mass

B ABO blood group

C height

D skin colour

3.2 Continuous variation is usually caused by:

D A a single gene only
B many genes together, plus the environment

C the environment only
D a chromosome mutation
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Exercises 3.1-3.2

3.1 Which feature shows discontinuous variation?
D A body mass

B ABO blood group

C height

D skin colour

3.1B

« ABO blood group falls into separate categories

3.2 Continuous variation is usually caused by:

D A a single gene only
B many genes together, plus the environment

C the environment only

D a chromosome mutation

3.2 B

» Continuous variation is polygenic and affected by the environment



A-Level Biology

Exercise 3.3 (a)

3.3 A student measures the heights of plants grown in sun and in shade and wants to
know if the difference in mean height is significant.

(a) Name a statistical test the student should use. [1]
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Exercise 3.3 (a)

3.3 A student measures the heights of plants grown in sun and in shade and wants to
know if the difference in mean height is significant.

(a) Name a statistical test the student should use. [1]

(a)

e the t-test
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Exercise 3.3 (b)

3.3 A student measures the heights of plants grown in sun and in shade and wants to
know if the difference in mean height is significant.

(b) The calculated t value is greater than the critical value at p = 0.05. State what this
tells the student. 2]
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Exercise 3.3 (b)

3.3 A student measures the heights of plants grown in sun and in shade and wants to
know if the difference in mean height is significant.

(b) The calculated t value is greater than the critical value at p = 0.05. State what this
tells the student. 2]

(b)

o the difference between the means is significant; it is unlikely (less than 5% probability)
to be due to chance
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Exercise 3.4

3.4 Explain why two genetically identical plants can still differ in height.



A-Level Biology

Exercise 3.4

3.4 Explain why two genetically identical plants can still differ in height. 2]

3.4

o the environment differs (e.g. light, water, minerals); environmental factors affect the
phenotype as well as the genes
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Exercise 3.5 (a)

3.5 A student measured the height of 100 plants of one species growing in a field, and
the number of plants of each of four flower colours.

(a) State, with a reason, whether height and flower colour show continuous or discontin-
uous variation. [4]
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Exercise 3.5 (a)

3.5 A student measured the height of 100 plants of one species growing in a field, and
the number of plants of each of four flower colours.

(a) State, with a reason, whether height and flower colour show continuous or discontin-
uous variation. [4]

(a)

e Height is continuous — any value within a range is possible, and the data form a
smooth distribution with no distinct categories. Flower colour is discontinuous —
each plant falls into one of a few distinct categories with nothing in between
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Exercise 3.5 (b)

3.5 A student measured the height of 100 plants of one species growing in a field, and
the number of plants of each of four flower colours.

(b) Describe the causes of the variation in each characteristic. 3]
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Exercise 3.5 (b)

3.5 A student measured the height of 100 plants of one species growing in a field, and
the number of plants of each of four flower colours.

(b) Describe the causes of the variation in each characteristic. 3]

(b)

o Height is polygenic, controlled by many genes each of small effect, and it is strongly
affected by the environment — light, water and minerals. Flower colour is controlled
by one gene, or very few, with little or no environmental influence
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Exercise 3.5 (c)

3.5 A student measured the height of 100 plants of one species growing in a field, and
the number of plants of each of four flower colours.

(¢) The heights gave a mean of 42.0 cm and a standard deviation of 6.0 cm. Explain
what the standard deviation tells you, and state approximately what percentage of the
plants lie between 36.0 cm and 48.0 cm. 3]
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Exercise 3.5 (c)

3.5 A student measured the height of 100 plants of one species growing in a field, and
the number of plants of each of four flower colours.

(¢) The heights gave a mean of 42.0 cm and a standard deviation of 6.0 cm. Explain
what the standard deviation tells you, and state approximately what percentage of the
plants lie between 36.0 cm and 48.0 cm. (3]

()

o The standard deviation measures the spread of the values about the mean — a small
value means the plants are closely grouped. 36.0 to 48.0 cm is one standard deviation
either side of the mean; for a normal distribution that contains about 68% of the
plants
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Exercise 3.5 (d)

3.5 A student measured the height of 100 plants of one species growing in a field, and
the number of plants of each of four flower colours.

(d) Explain why a t-test, rather than a comparison of means alone, would be used to
compare this field with a second one. 2]
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Exercise 3.5 (d)

3.5 A student measured the height of 100 plants of one species growing in a field, and
the number of plants of each of four flower colours.

(d) Explain why a t-test, rather than a comparison of means alone, would be used to
compare this field with a second one. 2]

(d)

o The two samples will almost always have slightly different means by chance alone; the
t-test uses the spread and the sample size to say whether the difference is larger than
chance would explain, i.e. whether it is statistically significant



