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

1

Every living organism inherits a blueprint for life from
its parents. Genetics is the study of inheritance. Many
characteristics of organisms are controlled by the genes.
A gene is a heritable factor that consists of a length of DNA
and that influences a specific characteristic. A gene occupies
a specific position on a chromosome. The various specific
forms of a gene are alleles. Alleles differ from each other by
one or only a few bases. The entire base sequence of human
genes was sequenced in the Human Genome Project.

2

New alleles are formed by mutations. Mutations may result
when the nucleotide sequence in DNA of a chromosome
is changed, leading to an alteration in the amino acid
sequence in proteins formed in the cell. The consequence
may be a different phenotype. Radiation and mutagenic
chemicals increase the mutation rate and can cause genetic
diseases and cancer.

3

Prokaryotes have one chromosome consisting of a circular
DNA molecule. Some prokaryotes also have plasmids but
eukaryotes do not. Eukaryote chromosomes are linear DNA
molecules associated with histone proteins. In eukaryote
species there are different chromosomes that carry different
genes. Homologous chromosomes carry the same sequence
of genes but not necessarily the same alleles of those genes.

4

Diploid nuclei have pairs of homologous chromosomes.
Haploid nuclei have one chromosome of each pair.
The number of chromosomes is a characteristic feature of
members of a species. A karyogram shows the chromosomes
of an organism in homologous pairs in descending order of
size. Sex is determined in humans by the sex chromosomes,
XX in the female and XY in the male. Autosomes are
chromosomes that do not determine sex.

5

A diploid nucleus divides by meiosis to produce four
haploid nuclei. DNA is replicated before meiosis so that all
chromosomes consist of two chromatids. The halving of
the chromosome number in meiosis allows a sexual cycle
with fusion of gametes. In sexual reproduction, gametes are
formed containing one copy of each gene. Offspring formed
from the zygote resulting from fertilization receive two
copies of each gene, one from each parent.

6

The early stages of meiosis involve pairing of homologous
chromosomes and crossing over followed by condensation.
Orientation of pairs of homologous chromosomes prior to
separation is random. Separation of pairs of homologous
chromosomes in the first division of meiosis halves
the chromosome number. Crossing over and random
orientation promotes genetic variation. Fusion of gametes
from different parents promotes genetic variation, too.
Alleles segregate during meiosis to allow new combinations
to be formed by fusion of gametes.
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7

Mendel discovered the principles of inheritance with
experiments in which large numbers of pea plants were crossed.
Gametes are haploid, so contain only one allele of each gene.
The two alleles of gene separate into different haploid daughter
nuclei during meiosis. Fusion of gametes results in diploid
zygotes with two alleles of each gene that may be the same
allele or different alleles.

8

In a monohybrid cross the inheritance of a contrasting
characteristic that is controlled by a gene (such as tall and
dwarf height in garden pea plants) is investigated. When
parents that are homozygous for a contrasting characteristic
are crossed, the first generation (F1) will be heterozygous.
The characteristic they show, such as ‘tall’ in the pea, will
establish that the allele for ‘tall’ is dominant over the allele
for ‘dwarf’, which is recessive. When the F1 generation selffertilize (sibling cross in animals), a recessive characteristic
re-emerges in a minority of the offspring, in the ratio of 3:1
(provided many offspring are formed). This shows that only
one allele of a gene is carried in a single gamete.

9

Exceptions to the monohybrid ratio arise from alleles
which are codominant (rather than one dominant and one
recessive). Alternatively, the existence of more than two
alleles for genes, known as multiple alleles, complicates
inheritance. The human ABO blood group is an example of
the latter, controlled by two of three possible alleles giving
four possible phenotypes: A, B, AB or O blood groupings.

10

The pattern of inheritance is different with sex-linked
genes due to their location on sex chromosomes (XX in the
female and XY in the male). The X chromosome is longer
than the Y, and carries alleles for genes that are not present
on the Y chromosome. In the male, recessive alleles on
the single X chromosome cannot be masked (as they often
are by dominant alleles in the female). Consequently, rare
recessive conditions of this type occur more frequently in
males, including red–green colour blindness.

11

Genetic disorders are heritable conditions that are caused
by a specific defect in a gene or genes. Many genetic
diseases in humans are due to recessive alleles of autosomal
chromosomes. Some genetic diseases are sex-linked and
some are due to dominant or codominant alleles. Most
arise from a mutation involving a single gene. Most genetic
disorders are very rare – afflicting about 1–2% of the human
population, for example sickle cell disease and hemophilia.
The Human Genome Project has made it possible to screen
for the presence of mutated genes. Radiation and mutagenic
chemicals increase the mutation rate and can cause genetic
diseases and cancer.
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Gene technology has applications in biotechnology,
pharmaceuticals industries, gene therapy, and in agriculture
and forensic science. Gel electrophoresis is used to separate
proteins or fragments of DNA according to size. PCR can be
used to amplify small amounts of DNA.
 enetic profiling involves analysis of DNA to identify the
G
individual from which the DNA was taken. It is used to
establish identity and the genetic relatedness of individuals,
for example in forensic science.
 enetic engineering involves the transfer of genes from one
G
species to another, possibly unrelated, organism. Genes are
transferred by some DNA – a ‘vector’, typically a plasmid
(a tiny ring of double-stranded DNA obtained from a
bacterium), is used. Gene and vector are cut by means of the
same restriction enzyme, forming compatible sticky ends
at the cuts. Gene and plasmid are then brought together
and joined (annealed), using ligase enzyme. An alternative
vector may be the nucleic acid of a virus.

13

Gene technologies generate many benefits for humans, but
there are potential hazards, too. So, gene technologies raise
ethical issues.

14

A group of genetically identical organisms are clones, and
occur naturally. For example, clones are formed by asexual
reproduction in plants. Cloning has been used widely in
commercial plant propagation for many years. In recent
years, animal clones have been produced by nuclear transfer
techniques. Dolly the sheep was the first mammal to be cloned
from non-embryonic cells.
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The answers for
factual recall
questions are
■■ Displaying data on continuous variation in a histogram
available online.
A study of fruit length in a commercial crop was undertaken on a sample size of 350 fruits.
Other questions are
Each fruit had a different length, so the classes of size were artificially defined. This type of
designed to be tackled
data is best plotted as a histogram.
alone or in groups,
where the outcomes
Class sizes
Frequency of fruits of each length/mm
can be discussed with
40–49
0
peers or tutors, for
50–59
2
example, or done as a
60–69
9
homework activity.
70–79
21
80–89
90–99
100–109
110–119
120–129
130–139
140–149
150–159
160–169
170–179

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 are
placed in column 2.

n

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

nn Your
n

histogram requires a title, and each axis needs labelling.

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’ pick ‘selected data point’. Now use the ‘options’ tab and set the gap width to zero.

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 must 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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■■ The ABO blood group
The inheritance of ABO blood groups is controlled by three alleles of a gene (IA, IB and IO).
The alleles IA and IB are codominant to the allele IO.
1 Explain what is meant by the terms a ‘allele’ and b ‘codominant’. Give examples of each.
2 Copy and complete the table below with the missing genotypes.
Blood group phenotype
A
B
AB
O

Possible genotypes
IAIA
I BI B

3 Offspring of blood group A and O were born to parents of blood groups A and B.
Construct a genetic diagram to show the possible ABO blood group phenotypes of these
children.
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‘Do and understand’ activities
■■ Complete the text
Inheritance of a single pair of contrasting characteristics
Review the following passage then make a list of the missing words.
1
A breeding experiment in which the inheritance of the
2
of a single gene is investigated is called a
cross. The
example chosen here is one that was used when the mechanism of inheritance was
first successfully investigated. Experiments were conducted into the inheritance of
3
characteristics of the garden pea plant, Pisum sativum. In this
case it was the height of stem in the garden pea plant, which may be either ‘tall’ (say about
48 cm), or ‘dwarf’ (about 12 cm) which was investigated. This characteristic is controlled by a
4
gene with two alleles.
5
in this cross were one tall and one dwarf
The plants used as
plant, and they were pure breeding plant. ‘Pure breeding’ plants are ones which, when crossed
among themselves always give rise to offspring like the parents. The geneticist term for pure
6
breeding is
.
7
The garden pea plant naturally self-pollinates (and therefore
itself), even though the flowers open and insects such as the honey bee visit for pollen and
8
between flowers. So, in order to carry out a
nectar, and transport
9
genetic ‘cross’ between different garden pea plants,
10
had to be prevented. Flowers had the male parts, the
, cut out
whilst still immature (before pollen had been formed). Then, pollen was introduced from a
11
flower on a plant with the
characteristic (i.e. pollen from a flower
of a tall plant was introduced onto the stigma of a dwarf plant and vice versa).
12
from this cross were a large number of peas, which, when
The
planted, all grew into tall plants. The offspring are known as the first filial generation,
13
shortened to
. Plants of the F1 generation were then allowed
14
to
(and so self-fertilize) to form the second filial
generation or F2. The offspring, a large number of pea seeds, when planted, grew into a
15
mixture of
plants in the ratio of three tall to one
dwarf.

■■ PCR and gel electrophoresis
‘Investigating plant evolution’ is a practical investigation kit that was developed by Science and
Plants for Schools (SAPS) in collaboration with the National Centre for Biotechnology Education
(NCBE). This kit provides the detailed protocols and the materials for the simple extraction of
chloroplast DNA from plant tissue, its amplification by PCR, and gel electrophoresis of the
PCR product. Consequently, this kit covers two highlighted ‘Understandings’ in the IB Syllabus.
Further information and the necessary resources are available from both:
The National Centre for Biotechnology Education:
www.ncbe.reading.ac.uk/

Science and Plants for Schools:
www-saps.plantsci.cam.ac.uk/

■■ Sickle cell anemia
Sickle cell anemia is a recessive inherited condition affecting the red blood cells. In the UK
approximately 10 births per million show this condition, whilst in Africa it has a much higher
incidence. In the homozygous condition it may be fatal without treatment.
1 What is meant by the term ‘homozygous condition’?
2 Describe the (a) genetic and (b) biochemical basis of sickle cell anemia.
3 Suggest how this condition arose.
4 How can the much higher incidence of the disease in Africa than in the UK be explained?
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Further study
■■ Web resources
▶ Mitosis and meiosis demystified:
www.etiis.org.uk/index.htm

▶ The DNA Learning Centre at Cold Harbor Laboratory have created a Biology Animation
Library, giving access to ‘Gel electrophoresis’ and ‘Polymerase chain reaction’ at:

www.dnalc.org/ddnalc/resources/animations.html

▶ The Wellcome Trust Human Genome website explores the human genome and the impact
of human genes on health, disease and society:

http://genome.wellcome.ac.uk/

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

▶
▶
▶
▶
▶
▶
▶

‘Sickle cell anaemia’, 23.2, pp.34–37 (Nov 2010)
‘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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