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2.1 Eukaryotic and prokaryotic cells Activity 
number

Learning outcomes

c 1 Appreciate that all life on Earth exists as cells. Outline the cell theory and the 
evidence supporting it.

62  63  65

c 2  Describe the hierarchy of organisation in multicellular organisms, using 
examples to show how specialised cells are organised into tissues, tissues into 
organs, and organs into organ systems.

64

c 3  Describe the ultrastructure and specific features of prokaryotic cells, including 
the cell wall, 70S ribosomes, nuceloid, bacterial chromosome, and plasmids. 

66

c 4  Distinguish between gram positive and gram negative bacterial cell walls and 
relate these differences to different responses to antibiotics.

67

c 5  Describe the ultrastructure of eukaryotic cells and the functions of the organelles 
found in plant and animal cells. Include the nucleus, nucleolus, 80S ribosomes, 
rough and smooth endoplasmic reticulum, mitochondria, centrioles, lysosomes, 
Golgi apparatus, cell wall, chloroplasts, vacuole, and tonoplast.

68-73

c 6 Describe the principles and limitations of optical (light) microscopes, transmission 
electron microscopes, and scanning electron microscopes. Include reference to 
magnification, resolution, and features of the images produced. 

74  78

c 7  AT Calculate the magnification of drawings and the size of cell structures seen 
with a light microscope.

75

c 8 Explain the importance of staining specimens in microscopy. 77

c 9  PR-2 Prepare and stain a tissue sample for viewing with a light microscope. 
Draw cells from a specialised tissue, as viewed with a light microscope.

76  77

2.2 Viruses Activity 
number

Learning outcomes

c 1 Describe how viruses are classified according to structure and type of nucleic 
acid, as illustrated by lambda phage, tobacco mosaic virus, Ebola, and human 
immunodeficiency virus.

81

c 2 Describe the lytic cycle of a virus (e.g. lambda phage). Describe the 
phenomenon of latency and explain its implications to the host cell.

82  83

c 3 Describe and explain the action of antiviral drugs and contrast their activity with 
drugs used to control cellular pathogens.  

84

c 4 Explain why viral diseases can be difficult to treat and how they are most 
effectively controlled, as exemplified by the 2014 Ebola epidemic.   

85

c 5   Using a specific example, such as Ebola, evaluate the ethical implications of 
using untested drugs during epidemics.

85
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2.3 Eukaryotic cell cycle and division Activity 
number

Learning outcomes

c 1 Understand that the cell cycle is a regulated process in which cells divide into 
two identical daughter cells. 

87  89

c 2 Describe the cell cycle including the events in interphase, mitosis, and 
cytokinesis. Describe the behaviour of chromosomes (containing the genetic 
material) during prophase, metaphase, anaphase, and telophase of mitosis.

86  87  93

c 3 Describe the roles of mitotic division in growth, repair, and asexual reproduction. 86  

c 4  PR-3 Prepare and stain a temporary root tip squash for viewing with an optical 
microscope. Identify stages of mitosis in the meristematic tissue and, if 
required or for extension, calculate mitotic index.

76  88

c 5 Describe the purpose and genetic outcome of meiosis. Outline the stages in 
meiosis and their significance, including condensation of the chromosomes, 
pairing of homologues and crossing over, random orientation of homologues 
prior to separation, and reduction division. 

90-93

c 6 Explain the contribution of meiosis to genetic variation in the offspring. 90  92

c 7 Explain what is meant by a chromosome mutation as illustrated by translocation. 94

c 8  Explain how non-disjunction in meiosis can result in aneuploidies such as 
polysomy, e.g. Down syndrome and monosomy, e.g. Turner syndrome.

95  96

2.4 Sexual reproduction in mammals Activity 
number

Learning outcomes

c 1 Explain how sexual reproduction in animals involves gamete formation and 
union of male and female gametes in fertilisation to form a zygote.

86    

c 2 Describe the processes in spermatogenesis and oogenesis, distinguishing 
between the size and number of gametes produced. Annotate diagrams of the 
seminiferous tubule and ovary to show the stages of gametogenesis. 

97  98  99

c 3 Describe fertilisation with reference to the acrosome reaction, fusion of the 
plasma membrane of the egg and sperm, and the cortical reaction. Explain how 
the processes involved in fertilisation prevent polyspermy.

100

c 4 Describe the early stages of embryonic development, including the role of early 
implantation of the blastocyst in the endometrium and the role of HCG.

101

2.5 Sexual reproduction in plants Activity 
number

Learning outcomes

c 1 Outline the life cycle of a flowering plant (angiosperm). Explain how a pollen 
grain forms in the anther and the embryo sac forms in the ovule.

102  103    

c 2 Describe pollination in angiosperms. Explain how the sperm nuclei reach the 
embryo sac. Include reference to the roles of the tube nucleus, the pollen tube, 
and enzymes in the entry of the sperm nuclei through the micropyle. 

104

c 3 Describe the double fertilisation of angiosperms to form the triploid endosperm 
and diploid zygote. Account for the different chromosome status of the 
endosperm and zygote.

105

c 4 PR-3 Investigate the effect of sucrose concentration on the growth of pollen 
tubes or on germination in a named plant.

104

EII

WMU

•	 Reproduction	and	
Development

•	Cell	Biology



© 2008-2015 BIOZONE International
 DRAFT VERSION 1
 ISBN: 978-1-927309-25-4 
 Photocopying Permitted for classroom trial KNOW 

91

Prokaryotic Cells

1. Describe three features distinguishing prokaryotic cells from eukaryotic cells:

 (a)

 (b) 

 (c) 

2. (a) Describe the function of flagella in bacteria:

 (b) Explain how fimbriae differ structurally and functionally from flagella:

3. Describe the location and general composition of the bacterial cell wall:

Key Idea: Prokaryotic cells lack many of the features of 
eukaryotic cells, including membrane-bound organelles.
Bacterial (prokaryotic) cells are much smaller than eukaryotic 
cells and lack many eukaryotic features, such as a distinct 

nucleus and membrane-bound cellular organelles. The cell 
wall is an important feature. It is a complex, multi-layered 
structure and has a role in the organism's ability to cause 
disease. A generalised prokaryote, E. coli, is shown below. 

A spiral shape is one of four bacterial 
shapes (the others being rods, 
commas, and spheres). These 
Campylobacter cells also have flagella.

Flagellum

Helicobacter pylori, is a comma-
shaped vibrio bacterium that causes 
stomach ulcers in humans. It moves 
by means of polar flagella.

Flagellum

Escherichia coli is a rod-shaped 
bacterium, common in the human gut. 
The fimbriae surrounding the cell are 
used to adhere to the intestinal wall.

Fimbriae

E
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Bacteria usually divide by binary 
fission. During this process, DNA is 
copied and the cell splits into two 
cells, as in these round (cocci) cells.

Dividing cells

Sex pilus

Fimbriae are hairlike structures. They are shorter, 
straighter, and thinner than flagella and used for 
attachment, not movement. Special fimbriae called sex 
pili are used to exchange genetic material in conjugation.

Plasma membrane is 
similar in composition to 
eukaryotic membranes, 
although less rigid.

Some bacteria, including E. coli, have 
a polysaccharide capsule outside the 
cell wall. The capsule contributes to 
its ability to cause disease. 

The cell wall lies outside the plasma membrane. It 
gives the cell shape, prevents rupture, and serves as 
an anchorage point for flagella. It is composed of a 
carbohydrate macromolecule called peptidoglycan, with 
variable amounts of lipopolysaccharide and lipoprotein.

Flagella (sing. flagellum) are used 
for locomotion. They are anchored 
in the plasma membrane. There 
may be one or more flagella.

Nucleoid region (pale)

Cytoplasm

70S ribosomes 
are free in the 
cytoplasm.

The circular chromosome occurs 
within a region called the nucleoid. 
It is not enclosed in a membrane. 
The DNA is 'naked' meaning it is 
not associated with proteins.

Prokaryotes may have small accessory 
chromosomes called plasmids. These may 
be exchanged via sex pili in conjugation.

E. coli structure
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Practising Biological Drawings80

1.  Complete the biological drawing of a cross 
section through a dicot leaf (below). Use 
the example above of the Ranunculus root 
as a guide to the detail required in your 
drawing

X400

Light micrograph of a cross section 
through a leaf.

R
C

N

Above: Light micrograph 
Transverse section (TS) 
through a Ranunculus root. 

Right: A biological drawing of 
the same section. 

Above: Use relaxed viewing when drawing at 
the microscope. Use one eye (the left for right 
handers) to view and the right eye to look at 
your drawing.

Key Idea: Attention to detail is vital when making accurate 
and useful biological drawings.

 In this activity, you will practise the skills required to translate 
what is viewed into a good biological drawing.

Root transverse section 
from Ranunculus

Root hairs

Epidermal 
cell

Parenchyma 
cell

Xylem

PhloemScale

0.05 mm
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Life Cycle of a Retrovirus

1. (a) How does an HIV particle enter a host cell?

 (b) What is the role of reverse transcriptase in the life cycle of a retrovirus?

 

 (c) Explain the significance of the formation of a provirus:

2. (a) Explain why retroviral infections are difficult to treat:

 (b) Some of the drugs for treating HIV inhibit reverse transcriptase. Why is this an effective strategy?

Key Idea: The retrovirus HIV uses reverse transcriptase to 
synthesise DNA, which is integrated with the host cell's DNA.
Animal viruses exhibit a number of different mechanisms 
for replicating, i.e. entering a host cell and producing and 
releasing new virions. Enveloped viruses bud out from the 
host cell, whereas those without an envelope are released by 

rupture of the cell membrane. Three processes (attachment, 
penetration, and uncoating) are shared by both DNA- and 
RNA containing animal viruses. The example below describes 
replication in the retrovirus HIV, where the virus uses its own 
reverse transcriptase to synthesise viral DNA and produce 
latent proviruses or active, mature retroviruses.

 

New virion

CD4
receptors

RNA

DNA

How HIV infects a helper T cell
HIV, the infectious agent that causes AIDS, is
a retrovirus (RNA not DNA). It is able to splice
its genes into the host cell’s chromosome.

Nucleus

HIV particle is 
attracted to CD4 
receptors on a 
helper T cell.

HIV particle fuses with the plasma 
membrane of the T cell and the 
capsid is removed by enzymes.

Reverse transcriptase causes 
the formation of viral DNA (using 
the viral RNA as a template).

A complementary strand of DNA is 
formed, producing double stranded DNA.

The DNA is integrated into the host’s 
chromosome. The viral DNA is now called a 
provirus. A prophage never comes out of the 
chromosome. However, it may remain as a 
latent infection, replicating along with the 
host’s DNA.

Assembly of the capsids around the viral genomes.

Viral mRNA is translated into HIV proteins. 
Some mRNA also provides the genome 
for the next generation of viruses.

Budding of the 
new viruses from 
the host cell.

The viral genes are transcribed 
into mRNA molecules.

TEM

Spikes

Mature HIV-1 virions budding 
from a lymphocyte. Note their 
glycoprotein spikes.
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Cell Division86
Key Idea: New cells arise from the division of existing cells. 
There are two types of cell division, mitosis and meiosis.
New cells are formed when existing cells divide. In eukaryotes, 
cell division begins with the replication of a cell's DNA 
followed by division of the nucleus. There are two forms of 
cell division. Mitosis produces two identical daughter cells 

from each parent cell. Mitosis is responsible for growth and 
repair processes in multicellular organisms, and asexual 
reproduction in some eukaryotes, e.g. yeasts. Meiosis is a 
special type of cell division concerned with producing sex 
cells (gametes or haploid spores) for sexual reproduction. It 
occurs in the sex organs of plants and animals.

Fusion of the sperm and 
the egg in fertilisation 
produces a diploid 
zygote. This cell will give 
rise to a new individual 
through growth and 
differentiation.

Egg 1N

Sperm 1N

Zygote 2N

Meiosis

Mitosis Mitosis

Meiosis

The 2N (diploid) number refers to 
the cells each having two whole 
sets of chromosomes.  For a 
normal human embryo, all cells 
will have a 2N number of 46.

Many mitotic 
divisions

Many mitotic 
divisions

Female 
embryo

2N

Female 
adult
2N

Male 
adult
2N

Male 
embryo

2N

Gametes are produced by meiosis; 
a special division which reduces the 
chromosome number to half that of a 
somatic cell. The 1N  (haploid) number 
indicates a single set of chromosomes.

Many mitotic divisions give rise to the adult. 
Mitosis continues throughout life for cell 
replacement and repair of tissues. e.g. blood 
cells are replaced at a rate of two million per 
second, and a layer of skin cells is constantly 
lost and replaced about every 28 days.

Embryo 2N Adult
2N

Mitotic division is 
responsible for growth 
of body cells (somatic 
growth) to the adult size.

Mitosis for repair: Mitosis is vital in the 
repair and replacement of damaged cells. 
When you break a bone, or graze your 
skin, new cells are generated to repair the 
damage. Some organisms, such as sea stars, 
can generate new limbs if they are broken off.

Mitosis for growth: Multicellular organisms 
develop from a single cell. Organisms, such 
as this 12 day old mouse embryo, grow by 
increasing their cell number. Cell growth 
is highly regulated and once the mouse 
reaches its adult size, physical growth stops.

Mitosis for reproduction: Sexually 
reproducing organisms produce haploid 
gametes by meiosis, but some eukaryotes, 
such as these yeast cells, can reproduce 
asexually by budding. The parent cell buds 
to form a daughter cell, which grows and 
then separates from the parent cell.
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Cell division and the life cycle 
of an organism

1. (a) Where does mitosis take place in animals?  

 (b) What is the purpose of mitosis?  

2. (a) Where does meiosis take place in animals?  

 (b) What is the purpose of meiosis?  

3. Why do gametes produced by meiosis have a haploid chromosome number?  
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Cell Division

1. Use the information on the previous page to identify which stage of mitosis is shown in each of the photographs below:

  (a)   (b)   (c)   (d)  

Recognising Stages in Mitosis

P
ho

to
s:

 R
C

N

2. (a) The light micrograph (right) shows a section of cells 
in an onion root tip. These cells have a cell cycle of 
approximately 24 hours. The cells can be seen to be in 
various stages of the cell cycle. By counting the number 
of cells in the various stages it is possible to calculate 
how long the cell spends in each stage of the cycle. 

  Count and record the number of cells in the image that 
are in mitosis and those that are in interphase. Cells in 
cytokinesis can be recorded as in interphase. Estimate 
the amount of time a cell spends in each phase.

 

Stage No. of cells % of total 
cells

Estimated 
time in stage

Interphase

Mitosis

Total 100

 (b) Use your counts from 2(a) to calculate the mitotic index 
for this section of cells.

3. What would you expect to happen to the mitotic index of 
a population of cells that loses the ability to divide as they 
mature?

Onion root tip cells

88
Key Idea: The stages of mitosis can be recognised by the 
organisation of the cell and chromosomes.
Although mitosis is a continuous process it is divided into four 

stages (prophase, anaphase, metaphase, and telophase) 
to more easily describe the processes occurring during its 
progression. 

The mitotic index
The mitotic index measures the ratio of cells in mitosis 
to the number of cells counted. It is a measure of cell 
proliferation and can be used to diagnose cancer. In areas 
of high cell growth the mitotic index is high such as in plant 
apical meristems or the growing tips of plant roots. The 
mitotic index can be calculated using the formula:

     Mitotic index =  Number of cells in mitosis

          Total number of cells

Distance from root cap / mm

0.0

0

2

4

6

8

10
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M
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/ 
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The growing tip of a root has a high mitotic 
index. Further from the root, cell division is 
reduced and the mitotic index is lower.
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1. Describe the consequences of non-disjunction during meiosis:

2. Explain why non-disjunction in meiosis I results in a higher proportion of faulty gametes than non-disjunction in meiosis II:

3. What is the maternal age effect and what are its consequences?

Non-disjunction in meiosis I

Non-disjunction

Non-disjunction

Meiosis I

Meiosis II

Gametes
n+1 n+1 n–1 n–1 n+1 n–1 n n

Non-disjunction in meiosis II

Non-Disjunction in Meiosis

Down syndrome (Trisomy 21)

Down syndrome is the most common of the 
human aneuploidies. The incidence rate in 
humans is about 1 in 800 births for women aged 
30 to 31 years, with a maternal age effect (the 
rate increases rapidly with maternal age).

Nearly all cases (approximately 95%) result 
from non-disjunction of chromosome 21 
during meiosis. When this happens, a gamete 
(most commonly the oocyte) ends up with 24 
rather than 23 chromosomes, and fertilisation 
produces a trisomic offspring.

Left: Down syndrome phenotype.

Right: A karyogram for an individual with 
trisomy 21. The chromosomes are circled.

The karyotype of a trisomic 21 individual that 
produces the phenotype known as Down syndrome.
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Key Idea: Non-disjunction during meiosis results in incorrect  
apportioning of chromosomes to the gametes. 
In meiosis, chromosomes are usually distributed the daughter 
cells without error. Occasionally, homologous chromosomes 
fail to separate properly in meiosis I, or sister chromatids fail 
to separate in meiosis II. In these cases, one gamete receives 

two of the same type of chromosome and the other gamete 
receives no copy. This error is known as non-disjunction 
and it results in abnormal numbers of chromosomes in the 
gametes. The union of an aberrant and a normal gamete at 
fertilisation produces offspring with an abnormal chromosome 
number. This condition is known as aneuploidy.
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