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Genetics and evolution
Chapter summary – a reminder of the issues to be revised
Notes

1

The nucleus is the organizing centre of the cell and has
a double function. It controls the activities of the cell
throughout life, and it is the location of the hereditary
material which is passed from generation to generation in
reproduction.

2

Chromosomes replicate in interphase, before meiosis. Meiosis
is the reductive nuclear division – each of the four daughter
cells formed has half the chromosome number of the parent
cell. Meiosis is slower and more complex than mitosis, for it
involves two successive divisions of the nucleus (meiosis I and
meiosis II). Meiosis is associated with sexual reproduction and
the production of gametes.

3

Meiosis leads to the independent assortment of chromosomes
and a unique composition of alleles in the four daughter
cells. Crossing over is the exchange of DNA material
between non-sister chromosomes of haploid cells. It produces
new combinations of alleles on the chromosomes of the
haploid cells, since the chiasmata formed between non-sister
chromatids in a bivalent can result in exchange of alleles.

4

Homologous chromosomes separate in meiosis I. Sister
chromatids separate in meiosis II. Independent assortment of
genes is due to the random orientation of pairs of homologous
chromosomes in meiosis I.

5

Genes may be linked or unlinked and are inherited
accordingly. Gene loci are said to be linked if located on the
same chromosome. Unlinked genes segregate independently
as a result of meiosis and result in Mendelian ratios. The
discovery of non-Mendelian ratios in genetic crosses led to
the discovery of linkage. This discovery was first made in
experiments with the fruit fly, Drosophila.

6

A gene pool consists of all the genes and their alleles, present
in an interbreeding population. Gene pools can change with
time. Change in allele frequencies is evidence of evolution.

7

Speciation is the process by which one species evolves
into another. A first step to speciation may be when a
local population (particularly a small, local population)
becomes isolated. Reproductive isolation of populations
can be temporal, behavioural or geographic. Speciation
due to divergence of isolated populations can be gradual.
Alternatively, speciation can be abrupt, as when it is the
outcome of polyploidy.

8

Natural selection operates on phenotypes – the products of a
particular combination of alleles operating within particular
environmental constraints. The effects of selection maybe
directional, stabilizing or disruptive.
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Data handling questions
The answers for
factual recall
questions are
available online.
Other questions
are designed to be
tackled alone or
in groups, where
the outcomes can
be discussed with
peers or tutors, for
example, or done as a
homework activity.

Data handling questions
■■ Displaying data in bar charts and histograms
Discontinuous variation
The distribution of blood groups A, B, O and AB varies across the world according to
population. The data in the table illustrates this.
Country
Australia
Brazil
China
Finland
Germany
Iceland
Korea
Saudi Arabia
South Africa
USA

O
49
43
48
31
41
56
37
52
46
44

A
38
43
28
44
43
31
33
26
37
42

B
10
11
19
17
11
11
21
18
14
10

AB
3
3
5
8
5
2
9
4
3
4

■■ ABO distribution (%) by country

Some evolutionary biologists believe that the percentage of people of different blood groups
worldwide is consistent with the pattern of early population movements. For example, group B
is very common in populations of Asian descent.
Plot these data as bar graphs using an Excel spreadsheet facility. This will make differences in
present-day populations clearer. Do you see evidence in support of the evolutionary biologists’
ideas?

Continuous variation
A study of fruit length in a commercial crop was undertaken on a sample size of 350 fruits.
Each fruit had a different length, so the classes of size were artificially defined. This type of
data is best plotted as a histogram.
Class sizes
40–49
50–59
60–69
70–79
80–89
90–99
100–109
110–119
120–129
130–139
140–149
150–159
160–169
170–179

Frequency of fruits of each length/mm
0
2
9
21
29
43
69
66
48
32
19
11
1
0

Construct a histogram of these data, using an Excel spreadsheet.
n

To do this the frequency classes are entered in column 1 and the numbers at each class in
column 2.

n

Highlight the two columns, and then in the ‘insert’ menu click ‘chart’. Choose the column
option.

n

Your histogram requires a title, and each axis needs labelling.

n

The spaces between the bars must be removed because the data is continuous. To do this,
click on one of the 12 bars and hold down until the bars are highlighted. Using the ‘format
menu’ select ‘selected data point’. Now use the ‘options’ tab and set the gap width to zero.
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Data handling questions
Data obtained from biological experiments like this frequently show a ‘normal distribution’
(i.e. a symmetrical bell-shaped curve is obtained when the frequency of particular classes of
measurements are plotted against the classes of measurements).
We can now examine the data.
1 Calculate how clustered (closely spaced) the readings are. This can be expressed as:
n

the average or arithmetic mean (the sum of the individual values divided by the
number of values)

n

the mode, the most frequent value in a set of values

n

the median, the middle value in a set of values arranged in ascending order.

2 Deduce how widely distributed (spread out) the readings are. This can be expressed as
the standard deviation (s) of the mean (Appendix 2). This is a measure of the variation
from the mean of a set of values. A low s indicates that the values differ very little from
the mean.
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‘Do and understand’ activities

‘Do and understand’ activities
■■ Complete the text
Review the following passages then make a list of the missing words.

Sex linkage
Any genes present on the sex chromosomes are likely to be inherited with the sex of the
individual. They are said to be sex-linked characteristics. However, the inheritance of these
sex-linked genes is different from the inheritance of genes on the other chromosomes –
1
known as the
chromosomes. This is because the X chromosome
is much longer than the Y chromosome, so many of the genes on the X chromosome are
2
from the Y chromosome. In a male (XY), an allele present on the
X chromosome is unlikely to have a pair on the Y, and will be apparent in the phenotype even
3
if it is
allele.
Meanwhile, in a female, a single recessive gene is often masked by a dominant allele of the
4
.
other X chromosome and, in these cases, the recessive allele is not
A human female can be homozygous or heterozygous with respect to sex-linked characteristics,
whereas males will have only one allele.

Carriers
An individual who has a recessive allele of a gene that does not have an effect on their phenotype
(so they are heterozygous for that allele) is known as a carrier. They ‘carry’ the allele but it is not
5
expressed. It is
by the presence of the dominant allele.
6
for sex-linked recessive
Consequently, female carriers are
7
characteristics. In the case of a male (XY), the unpaired
of the
Y chromosome are all expressed in the male. The alleles on the short Y chromosome are
mostly concerned with male structures and male functions.
However, there are some recessive, genetically inherited conditions caused by recessive
alleles on X chromosomes. Examples of these are Duchenne muscular dystrophy, red–
green colour blindness and hemophilia. These are examples of genetically inherited
8
.
The consequence of the presence of one of these alleles may be quite different for males and
females. This is because, if a single recessive allele is present in a male human, the allele will be
9
recessive for a sex-linked
expressed. Meanwhile, a female must be
characteristic for the allele to be expressed. A female who is heterozygous for one of these will be
10
a
.

■■ Statistical check – the chi-squared test (χ2)
In a genetic cross, the issue of whether the observed values differ significantly from the expected
outcome is resolved by a statistical test – the chi-squared (χ2) test. This is used to estimate the
probability that any difference between the observed results and the expected results is due to
chance.

The chi-squared (χ2) test
2
χ2 = Σ (O − E)
E

Where:
O = observed result
E = expected result
Σ = the sum of
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‘Do and understand’ activities

Applying the chi-squared test
Let’s find out whether the observed values obtained from the following monohybrid cross differ
significantly from the expected outcome.
P generation

red flowered × white flowered

F1

all red flowered plants
F1 generation allowed to self-fertilize

F2 generation

156 red flowered plants

44 white flowered plants

Calculate χ2. Start by copying and completing the table.
Category
red flowered plants

Predicted
3

O
156

1

44

white flowered plants
total

E

O–E

χ2 = Σ

(O – E)2

(O – E)2/E

(O − E)2
E

1 What value did you calculate for χ2?
2 Consult a table of the distribution of χ2 to find out what the probability (P) is of
obtaining by chance alone a deviation as large as (or larger than) the one you have
observed.
In order to do this, you need to ascertain the number of degrees of freedom (df) for a cross
with two classes. Then use this table.
■■ Table of χ2
distribution

degrees of
freedom
df = 1
df = 2

0.99
0.00016
0.0201

0.95
0.004
0.103

probability greater than
0.90
0.50
0.10
0.016
0.455
2.71
0.21
1.386
4.60

0.05
3.84
5.99

0.01
6.63
9.21

0.001
10.83
13.82

n

If the value of χ2 is bigger than the critical value highlighted in red (a probability of
0.05) then we can be at least 95% confident that the difference between the observed
and expected results is significant.

n

If the value of χ2 is smaller than the critical value highlighted in red (a probability of
0.05) then we can be confident that the differences between the observed and expected
results are due to chance.

3 What is your conclusion?
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Further study

Further study
■■ Web resource
Mitosis and meiosis demystified:
www.etiis.org.uk/index.htm

■■ Further reading
Articles in recent editions of ‘Biological Sciences Review’:

▶
▶
▶
▶
▶
▶

‘In praise of the fruit fly’, 23.3, pp.2–5 (Feb 2011)
‘What is a chromosome?’, 24.1, pp.5–8 (Sept 2011)
‘Dealing with variation’, 24.2, pp.16–19 (Nov 2011)
‘Blame your parents’, 24.3, pp.26–29 (Feb 2012)
‘The chi-squared test’, 24.4, pp.24–26 (Apr 2012)
‘Carrying out t-tests’, 25.2, pp.10–13 (Nov 2012)
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