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Key word list 

Anaphase The third stage of Mitosis; the centromere splits and one chromatid is pulled into opposite 
ends of the cell. 

Cancer A disease, resulting from mutations, that leads to uncontrolled cell division and the eventual 
formation of a group of abnormal cells called a tumour 

Carcinogen A chemical, form of radiation or other agent that causes cancer 

Cell Cycle The series of events that take place in a cell leading to its division and duplication. 

Centriole structures that form during the cell cycle responsible for the formation of spindle fibres. 

Centromere The centre structure within a chromosome that joins the chromatids 

Chromatid One of the two copies of a chromosome that are joined together by a single centromere 
prior to cell division 

Chromatin Uncondensed DNA when it is not wound up tightly as a chromosome 

Chromosome A thread-like structure made of protein and DNA by which hereditary information is 
physically passed from one generation to the next 

Clone A group of genetically identical organisms formed from a single parent as a result of asexual 
reproduction or by artificial means 

Cytokinesis The process in which the cytoplasm of a single eukaryotic cell is divided to form two 
daughter cells following the telophase of Mitosis and Meiosis. 

Differentiation The process by which cells become specialised for different functions 
 

Diploid Cells in which the nucleus contains two sets of chromosomes 
 

DNA replication The process by which a cell makes a copy of the DNA found within the nucleus. 
 

Homologous 
chromosomes 

A pair of chromosomes, one maternal and one paternal, that have the same gene loci and 
therefore determine the same features. 

Interphase The longest phase of the cell cycle in which the cell increases in size and makes a copy of its 
DNA. 

Metaphase The second stage of mitosis; chromosomes line-up along centre of the cell & spindle fibres 
attach to the centromere of each chromosome 

Mitosis The type of nuclear division in which the daughter cells have the same number of 
chromosomes as the parent cell 

Mutagen Any agent that induces a mutation 

Mutation  A sudden change in the amount or the arrangement of the genetic material in the cell 

Photomicrograph Photograph of an image produced by a microscope 
 

Prokaryotic cell A cell that does not have a nucleus or membrane bound organelles 
 

Prophase The first stage of Mitosis; chromatin in the nucleus condenses to form chromosomes 
 

Spindle Fibre Fibre-like structure that pulls or separates the chromosomes into the daughter cells during 
cell division. 

Stem cell Undifferentiated dividing cells that occur in embryos and in adult animal tissues that require 
constant replacement 

Telophase The fourth stage of mitosis; a new nucleus forms around the chromatids as they lose their 
shape and return to chromatin. 

Tissue A group of similar cells organised into a structural unit that serves a particular function 

Tumour A swelling in an organism that is made up of cells that continue to divide in an abnormal way 

Tumour 
suppressor gene 

A gene that maintains normal rates of cell division and so prevents the development of 
tumours 



 Page 4 of 49 

Lesson 1 – The Cell Cycle 

By the end of this lesson you should be able to:  

• Explain the uses of cell division by meiosis and mitosis 

• Describe the stages of the cell cycle 
 

Notes: 

Cell division must occur in multicellular organisms in order for them to grow and to replace damaged or worn out 

tissue. Not all cells keep the ability to divide, many specialised cells only go through the cell cycle once, they have to 

be replaced by stem cells e.g red blood cells.  

In eukaryotic cells, there are two types of cell division – mitosis and meiosis: 

• Mitosis = produces 2 genetically identical diploid daughter cells.  

• Meiosis = produces 4 genetically non-identical haploid daughter cells (gametes) 
 

Mitosis is a form of asexual reproduction, it is the process for growth of tissues, replacement of lost cells, repairing 

damaged tissue, formation of clones of white blood cells in an immune response, and it is also how cancerous 

tumours form.  

Meiosis is the method of cell division that takes place in reproductive organs which is used to produce haploid sex 

cells for sexual reproduction.  

The cell cycle is a process cells that can divide 

multiple times go through. It starts with a cell that 

has been produced by mitosis and ends when the 

cell is ready to divide again. Specialized cells and 

stem cells move from G1 into a resting phase 

known as G0, this can be temporary. 

The majority of the cell cycle is spent in 

interphase – this is when the cell is growing and 

DNA is replicated. The DNA is uncondensed and 

replicated so the amount of DNA doubles so each 

cell will have the same amount. Organelles are also replicated so there will be enough for both new cells. The 

amount of ATP being produced is increased as energy is required for cell division.  

There are three stages to interphase:  

• G1 (gap 1) phase where the cell elongates and new organelles and proteins are made 

• S (synthesis) phase where the cell replicates its DNA – this is essential before the cell can divide.  

• G2 (gap 2) phase where the cell keeps elongating and proteins needed for cell division are made.  
 

Mitosis stage is the formation of two new identical daughter cells from an original 

cell. It involves nuclear division. It is a continuous process but it can be described in 

stages. We will cover this next lesson.  

Cytokinesis is the final stage where the 

cytoplasm divides and two separate 

genetically identical cells are formed. 

Each cell will now start interphase to 

prepare for the next round of mitosis.  
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Recall Questions:  

1. What are the 2 methods of cell division? 
2. What is created through mitosis? 
3. What is created through meiosis? 
4. What type of cells undergo mitosis? 
5. Describe 2 uses of mitosis by organisms 
6. List the 3 stages of the cell cycle. 
7. What is interphase? 
8. Describe what happens to a cell in interphase.  
9. What is mitosis? 
10. What is cytokinesis? 

 
Exam Questions:  

Q1. 
(a)     Mitosis is important in the life of an organism. Give two reasons why. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________    (2) 

(b)     Meiosis also occurs during the life cycle of organisms. What is the importance of meiosis? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

 Q5. 
(a)     In which phase of the cell cycle does DNA replication take place? 

___________________________________________________________________ 

(1) 

Q2. 
(a)     Complete the table to describe some of the events during the cell cycle. 

  

Stage of cell cycle Main event which takes place  

S-phase   

(1) 
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(b)     The diagram shows the life cycle of an organism. The numbers show how many 
chromosomes are present in one cell at each stage of the life cycle. 

  

(i)      Name the type of cell division that must be involved in producing the spores. 

______________________________________________________________   (1) 

(ii)     How many chromosomes are there in a male gamete from this organism? 

______________________________________________________________  (1) 

Q3. 

 (b)   Describe two events during interphase which prepare a cell for mitosis. 

1. _________________________________________________________________ 

___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________  (2) 

Q4. 

 (b)     A sample of epithelial tissue from the small intestine of an animal was analysed. 
Some of the cells had 8.4 units of DNA, others had only 4.2 units. 

(i)      Use your knowledge of the cell cycle to explain why some cells had 8.4 units of 
DNA and others had only 4.2 units. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________  (2) 

(ii)     How many units of DNA would you expect to be present in a gamete formed in this animal as a 
result of meiosis? 
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Q6. The diagram shows a cell cycle. 

 

(a)     In prophase of mitosis, the chromosomes become visible. Describe what happens in 

(i)      metaphase 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     anaphase. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(b)     (i)      Cells lining the human intestine complete the cell cycle in a short time. Explain the advantage of 
these cells completing the cell cycle in a short time. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(1) 
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(ii)     The time required for a cell to complete the cell cycle was 4 hours 18 minutes. 

Calculate the time required in minutes for this cell to multiply to produce eight cells. 
Show your working. 

  

  

Answer ____________________ 

(2) 

Q7. The graph below shows how the quantity of DNA, measured in arbitrary units, varies with time during 

the different phases of the cell cycle in an animal cell. 
 

 
 
 

(a) Interphase is made up of two growth phases, G1 and G2, separated by an intermediate 

phase, S. 
 

(i) Explain what is happening within the cell during phase S. 
 
.......................................................................................................................... 
 
.......................................................................................................................... 
 
.......................................................................................................................... 
 
.......................................................................................................................... (2) 
 

(ii) State one process other than cell growth which occurs during phase G2. 

 
.......................................................................................................................... 
 
.......................................................................................................................... 
 
.......................................................................................................................... 
 
.......................................................................................................................... (1) 
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Q8. Yeast is a single-celled eukaryotic organism. When yeast cells are grown, each cell forms a bud. 

This bud grows into a new cell. This allows yeast to multiply because the parent cell is still alive and the 
new cell has been formed. 

Scientists grew yeast cells in a culture. They counted the number of cells present and 
measured the total concentration of DNA in the culture over a period of 6 hours. Their results 
are shown in the graph. 

  

(a)     Use your knowledge of the cell cycle to explain the shape of the curve for the number of 
yeast cells 

(i)      between 1 and 2 hours 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     between 3 and 4 hours. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(b)     Use the curve for the concentration of DNA to find the length of a cell cycle in these yeast 
cells. Explain how you arrived at your answer. 

Length of cell cycle ___________________________________________________ 

Explanation _________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 
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Homework  - Complete the Quiz 

1. Which of the following is not a part of interphase? 
 

a) G1 b) G2 c) S d) M 

 
2. The cell carries out normal functions during.. 
 

a) mitosis b) interphase c) cytokinesis 

 
3. What does NOT happen during interphase? 
 

a) obtaining nutrients b) DNA replication   c) growth  d) cell divison 

 
4. Cells spend the majority of their lifes in 
 

a) M b) G2 c) interphase d) S 

 
6. The uncontrolled division of cells that results in malignant growth  
 

a) tissues b) mitosis c) anaphase d) cancer 

 
7. Which of the following statements is true of cytokinesis 
 

a) takes place in plant cells only b) organizes DNA  c) occurs in prophase d) completes the cell cycle 

 
8. During interphase, a cell grows, dublicates organelles, and... 
 

a) copies DNA b) divides the nucleus c) produces a new cell d) divides the cytoplasm 

 
9. The part of the cell cycle that divides the cytoplasm of the cell 
 

a) G1 Phase b) Cytokinesis c) G2 Phase d) Synthesis Phase 

 
10. Stage in which the cells nuclear material divides and separates 
 

a) G2 b) G1 c) Mitosis  d) Synthesis 

 
11. Which of the following is NOT a reason we need mitosis. 
 

a) Growth b) Sexual reproduction c) Recovering from injuries d) Replacement of dead cells 

 
12. DNA is replicated during ______ of the cell cycle. 
 

a) G1 b) G2 c) G0 d) S 

 
13. In which stage of the cell cycle is the cell preparing for division?  
 

a) G1 b) S c) G2  d) M 

14. Where does DNA synthesis happen in eukaryotic cells? 
 

a) cytoplasm b) Golgi apparatus  c) mitochondria d) nucleus 

15. The synthesis (S) phase is characterized by 
 

a) cell division b) replication of mitochondria and other organelles c) DNA replication  d) the division of cytoplasm 

16. Which of the following shows the correct sequence of the cell cycle? 
 

a) cytokinesis->mitosis->G1->S->G2 

b) S->G1-> G2-> mitosis-> cytokinesis 

c) Mitosis-> G1->S->G2->cytokinesis 

d) G1->S->G2->mitosis->cytokinesis 

17. Which of the following terms means cytoplasmic division? 
 

a) cell cycle b) interphase c) cytokinesis d) mitosis 
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Recall Question Answers:  

Question Answer 

What are the 2 methods of cell division? Mitosis and meiosis 

What is created through mitosis? 2 genetically identical daughter cells. they have the 
same number of chromosomes as the parent cell. 

What is created through meiosis? 4 genetically unique daughter cells. They each have half 
the number of chromosomes as the parent cell. 

List the 3 stages of the cell cycle. Mitosis, Interphase: (G1, Synthesis, G2), Cytokinesis 

What is interphase? Growth stages (most of cell cycle) ie G1, synthesis, G2 

Describe what happens to a cell in interphase.  
DNA unravels & replicates, organelles replicate & ATP 
increases.  

What is mitosis?  

Why is mitosis necessary?  

What is cytokinesis? 
Final stage of mitosis where the 2 joined cells separate 
into 2 daughter cells.  

What type of cells undergo mitosis?  

Describe 2 uses of mitosis by organisms 

For growth & repair of human cells (e.g. skin) 
embryonic development, asexual reproduction of 
plants. 
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Lesson 2 – Stages of Mitosis 

By the end of this lesson you should be able to:  

• Describe the structure of homologous chromosomes 

• Describe the movement of chromosomes in each stage of mitosis 

• Identify cells in each stage of mitosis 
 

Notes: 

A chromosome consists of two 

strands called (sister) 

chromatids, they are joined in 

the middle by a centromere.  

Chromosomes are only visible 

during cell division because they 

are formed during interphase 

when the DNA is replicated. Each 

sister chromatid on a 

chromosome contains identical 

genetic information so that each 

daughter cell also contains 

identical information.  

To remember the stages of mitosis in order you can use I.P.M.A.T  

In interphase the chromosomes are not visible because the DNA is 

uncondensed. The nucleolus is still visible and the nuclear envelope is still 

intact. The centrioles have replicated and may be visible.  

Prophase 

The chromosomes condense (they thicken and shorten as DNA is coiled tightly around 

proteins called histones) and become visible. The nucleolus disappears nuclear envelope 

begins to break down. The centrioles move to the poles of the cell. The centrioles (bundles 

of protein) begin to produce spindle fibres which start to extend towards the chromosomes 

Metaphase 

The nuclear membrane has disappeared. Spindle fibres have attached to the centromere or 

the chromosomes. Each centromere has a spindle fibre from each pole of the cell. 

Chromosomes are pulled to the middle/equator of the cell where they line up.  

Anaphase 

The spindle fibres contract. The centromere of each chromosome splits in half so that one 

chromatid from each chromosome can be pulled to opposite poles of the cell. This stage 

makes sure that each half of the cell receives one chromatid from each chromosome. This 

stage can be recognised by the V-shape of the chromatids as they are dragged across.   

Telophase 

Nuclear envelopes begin to reform around each new group of chromosomes. The spindle 

fibres disappear. The chromosomes begin to uncoil/unravel and become less distinct.  

The cytoplasm begins to divide to form two new genetically identical daughter cells. Each 

new cell will have half the amount of DNA compared to the cell in interphase, until 

interphase begins again and DNA is replicated.  
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Calculating time taken for stages of mitosis 

The time it takes for cells to go through mitosis depends on the type of cell and the conditions during cell division. 

You can calculate the time spent in each stage if given the right information e.g  

• The number of cells out that are observed to be in the stage of mitosis 

• The total number of cells observed 

• How long a complete cell cycle lasts (from interphase to cytokinesis).  
 

Example:  

A scientist is looking at a tissue sample under a microscope. In total she counts 150 cells are undergoing mitosis. 12 

cells are observed to be in prophase. One complete cycle lasts 0.7 days, how long do the cells spend in prophase? 

Give your answer in hours.  

Step 1: calculate the proportion of cells are in prophase 

12/150 = 0.08 or 8% 

Step 2: convert cell cycle time to unit required for the answer 

1 day = 24 hours 

0.7 days = 0.7x24 = 16.8 hours 

Step 3: calculate the proportion of time spent in prophase 

0.08 x 16.8 = 1.3 hours 

 

Recall Questions: 

1. List the stages of mitosis in order. 
2. What is a centromere? 
3. What is a centriole? 
4. Describe what occurs in prophase. 
5. List 2 events that happen in metaphase. 
6. Describe what cells would look like when undergoing anaphase.  
7. List 2 events that happen in telophase. 
8. If 10 cells out of a total of 100 are in metaphase of mitosis & one complete cycle takes 15 hours, how long do 

the cells spend in metaphase? Give your answer in minutes. 
 

Exam Questions 

Q1. (a)    Figure 1 shows one pair of chromosomes. 

  

(i)      Name X. 

______________________________________________________________ (1) 

Telophase 

 

Anaphase 

 

Metaphase 

 

Prophase 

 

Interphase 
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(ii)     Describe the role of X in mitosis. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________   (2) 

 (b)     Figure 2 shows three pairs of homologous chromosomes in a cell at the end of cell 
division. 

 

(i)      The appearance of each chromosome in Figure 2 is different from those shown in 
Figure 1. Explain why. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________  (1) 

Q2. (a)     The diagram shows a chromosome at the start of mitosis. 

  

Describe and explain the appearance of the chromosome. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 
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(b)     The photographs show two stages in mitosis. 

Stage A                                                   Stage B 

   

By Dr. phil.nat Thomas Geier, Fachgebiet Botanik der Forschungsanstalt Geisenheim. [CC-BY-SA-3.0], via Wikimedia Commons 

Name stages A and B. Describe what is happening to the chromosomes in each stage. 

(i)      Stage A ___________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     Stage B ___________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

Q3. (a)     Boxes A to E show some of the events of the cell cycle. 

  

A 
Chromatids separate 

  

B          Nuclear envelopes disappears 

  

C 
Cytoplasm divides 

  

D     Chromosomes condense and become visible 

  

E     Chromosomes on the equator of the spindle 

(i)      List these events in the correct order, starting with D. 

D 
_______     _______     _______     _______     _______     _______       (1) 
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(ii)     Name the stage described in box E. 

______________________________________________________________   (1) 

(b)     Name the phase during which DNA replication occurs. 

___________________________________________________________________   (1) 

Q4.  (b)     The diagrams show five stages of mitosis. 

  

List the stages A to E in the correct sequence, beginning with the earliest stage. 

___________        ___________        ___________       ___________       ___________  (1) 

(c)     Describe the role of the spindle during mitosis. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________    (2) 

Q5. (a)     The diagram shows a stage of mitosis in an animal cell. 

  

(i)      Name this stage. 

______________________________________________________________ (1) 

(ii)     Describe what happens during this stage that results in the production of two 
genetically identical cells. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ (2) 
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Q6. Describe the behaviour of chromosomes during mitosis and explain how this results in the 

production of two genetically identical cells. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________  (7) 

Q7. 
(a)     The following statements describe stages of mitosis. 

A       chromosomes align at the centre of the cell attached to spindle fibres 
B       chromatids are in groups at the poles 
C       chromosomes become visible 
D       chromatids move towards the poles 

Complete the table by entering the appropriate letter. 
  

Stage of mitosis Letter of description of the stage 

Prophase   

Metaphase   

Anaphase   

Telophase   

(3) 
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(b)     The graph shows changes in the mass of DNA in a cell during one cell cycle. 
Five stages have been identified on the graph. 

  

(i)      Which letter represents the stage when DNA is replicating?          

(1) 

(ii)     Explain the change in the DNA content during stage S. 

______________________________________________________________ 

______________________________________________________________ 

(1) 
Homework: 

Complete the sentences using the words in bold: 

90        anaphase        anti-cancer        asexual reproduction        checkpoints        chromatin        condense        

cytokinesis        daughter        disappears        equator        G1        G2        growth        identical        interphase        

metaphase        mutate        non-living         nucleus        opposite        plasmids        prophase        repair        

replacement        replication        S        telophase        uncontrollably 

New cells are formed by division of existing cells using mitosis, forming two “daughter cells”, which are genetically 

______________ to each other. Mitosis is used to make new cells for: 

● ____________, when an organism is growing in mass. 

● ____________, to replace cells that are lost  

● ____________, to replace cells that are damaged or killed by injury  

● ____________ _____________, by eukaryotic organisms that reproduce asexually. 
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The life of a cell from one division to the next is called the cell cycle. The cell cycle applies to eukaryotic cells only. 

The cells cycle has two main phases: 

1. Interphase. This is when the cell grows and performs its function. Typically _____% of the cell cycle is spent 

in interphase. Interphase can be sub-divided into: ____, where the cell grows back to its original size and 

organelles are replicated. ____ phase, where DNA is replicated in preparation for mitosis. ____, where the 

cell prepares for mitosis 

2. Mitotic Phase. This is where the cell divides to make two daughter cells.  

The stages of mitosis are as follows: 

● During _____________ no chromosomes visible as DNA is present as ______________. 

● During _____________ the chromosomes ____________ and are visible. Centrioles are at opposite poles of 

cell.  

● During _____________ the nuclear envelope ____________ and chromosomes align along ____________ of 

cell. Spindle fibres connect centrioles to the centromeres of the chromosomes. 

● During _____________ the centromeres split, allowing chromatids to separate. Chromatids move towards 

____________ poles, pulled by the spindle fibres. 

● During _____________ spindle fibres disperse and the nuclear envelopes reform. Chromatids uncoil and 

become chromatin so are too thin to see. 

● During _____________ the cell splits in two. 

 

The cell cycle is normally tightly controlled, so that cells only divide when they need to. There are ______________ 

at the start of each stage of the cell cycle, where control genes decide whether a cell can continue to the next stage 

of the cycle. Sometimes the control genes ____________, due to carcinogenic agents such as viruses, ionising 

radiation, chemicals or other environmental triggers. The mutated control genes won’t control the checkpoints 

properly, so cells divide _______________, leading to a tumour (a mass of identical cells) and possibly cancer (when 

tumour cells are able to move around the body and form new tumours). We can use our knowledge of the cell cycle 

and its control to devise ______________ drugs. These usually block the cell cycle, so compensating for the broken 

checkpoints. For example: 



 Page 20 of 49 

● Adriamycin inhibits DNA helicase, so stop DNA replication 

● Methotrexate inhibits nucleotide synthesis, so stops DNA replication 

● Taxol inhibits the formation of the mitotic spindle, so stop mitosis 

 

Prokaryotic cells don’t have a ___________ so cannot divide by mitosis. Instead they divide by binary fission (a form 

of asexual reproduction), which involves: 

●  ______________ of the circular DNA (in the nucleoid) and of any ____________ they may have 

● Division of the cytoplasm to produce two ____________ cells, each with a single copy of the circular DNA 

and a variable number of copies of plasmids.  

Being ______-__________, viruses do not undergo cell division. Following injection of their nucleic acid, the infected 

host cell replicates the virus particles. 

 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 
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_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

Recall Question Answers:  

Question Answer 

List the stages of mitosis in order. Prophase, Metaphase, Anaphase, Telophase 

What is a centromere? 
The centre point of a chromosome- holds 2 sister 
chromatids together.  

What is a centriole? 
Bundles of protein, which produce spindle fibres 
and move to poles of the cell in prophase.  

Describe what occurs in Prophase. 
Nuclear envelope breaks down, centrioles move 
to either end, chromosomes condense.  

List 2 events that happen in Metaphase. 
Chromosomes lines up on spindle equator, 
spindle fibres attach to centromeres.  

Describe what cells would look like when undergoing 
anaphase.  

No nuclear envelope, v-shaped chromatids being 
pulled apart to opposite ends of the cell. 

List 2 events that happen in Telophase.  Chromatids uncoil & nuclear envelope reforms. 

If 10 cells out of a total of 100 are in metaphase of mitosis 
& one complete cycle takes 15 hours, how long do the cells 
spend in metaphase? Give answer in minutes.  15 x 60 = 900 , 10/100 x 900 = 90 mins 
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Lesson 3 – Observing Mitosis 

Notes: 

Light microscopes are the most common microscopes used by biologists. They are relatively cheap, easy to use and 
they can magnify living cells or small organisms so their activity and behaviour can be studied.  

As light has to pass 

through the specimens 

to be seen they must be 

thin. A stain is often 

used to colour cell 

structures so that they 

can be seen more easily 

as most cells are 

transparent and don’t 

contain pigments.  

 

Magnification is making an image larger than the 

object – when we use a microscope we can 

increase the magnification by using a higher 

powered objective lens. This allows us to see in 

more detail because it increases the size of the 

image of small details.  

The magnification of a light microscope can be 

calculated very easily. Complete the table.  

Total magnification = eyepiece lens 

magnification x objective lens magnification 

 

 

 

 

 

When we focus an image on the microscope, we make the image 

become clear, sharp and easy to see. We can focus the 

microscopes using the coarse or fine focus knobs which move the 

slide closer or further away from the objective lens. At low power 

magnification we can use the coarse focus but at high power 

magnification we need to use the fine focus so that we do not 

move the stage by too much. You can bring the objective too 

close to the slide which may break the lens and the slide! 

 
 
 
 
 

 

a)  b)     c)  

Human cheek cells under a light microscope: a) no stain, b) with stain, c) labelled drawing of 

organelles in stained cell 

eyepiece lens magnification 

objective lens magnification 

 Eyepiece 

Magnification 

Objective 

Magnification 

Overall 

Magnification 

X10 X4  

X10 X10  

X10 X40  

X10 X100  
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Techniques used to observe mitosis in root tips 
 
In plants, cell division by mitosis is restricted to specific tissues, called meristems, that are found at the growing root 
and shoot tips. The cells in the meristems are undifferentiated. Stem cells in plant meristems divide to produce cells 
that increase the height of the plant, length of the roots and girth of the stem. They also produce cells that develop 
into leaves and flowers.  
 
This practical involves the preparation and observation of dividing cells from the meristems of actively growing garlic 
root tips. 
 
The toluidine blue stain binds to chromatin DNA, staining it deep blue and making the chromosomes visible. Staining 
for two minutes allows the stained chromosomes to be clearly visible. 
 
The root tips are suspended in a drop of distilled/pure water on the slide, the water can help to elongate the cells as 
it is absorbed by osmosis causing the cells to swell. This can separate the chromosomes and make them easier to 
see.  
 
The use of acid is the main hazard in this practical, it is necessary to help break down the cell walls and make them 
more permeable to allow the stain to penetrate the cell and reach the chromosomes.  
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The coverslip on the prepared slide is pressed gently to squash the cells and to produce a layer that is one cell thick, 
this ensures light can travel through the slide.  
 
Pressing down firmly and not sliding the coverslip prevents one layer of cells from rolling on top of another, 
obscuring the view of the chromosomes. It also prevents chromosomes from breaking or being damaged. The root 
tip squash is performed gently so that the cells are not ruptured and to prevent the microscope slide and coverslip 
from cracking. 
 
The results of this practical could vary depending on the root tips used, different results may be seen if different 
types of plant were used and depending on the age of the root tip or time of day the roots were cut. It could also 
depend on the conditions the plant was grown in e.g temperature and water or nutrient availability.  
 
In order for results to be reliable and representative of the plant at the time a large number of fields of view should 
be observed and an average taken.  
 
 
Method 

1. Remove the water from the test tube containing the garlic and replace with 

warm hydrochloric acid, make sure the roots are submerged in the acid.  

2. Leave the test tube containing the garlic clove and acid in the water bath at 

40˚C for 5-10 minutes.  

3. Use the cocktail stick to remove the garlic clove from the acid and gently rinse the roots in water over a sink 

to remove the acid.  

4. Using scissors, cut off the terminal 3mm of the root tips and allow them to fall onto a small watch glass. 

5. Add one or two drops of 1% toluidine blue stain (to cover the roots) 

6. Leave the roots in the stain at room temperature for 2 minutes. 

7. Remove the excess stain with filter paper and add some distilled water to 

the watch glass using a plastic pipette. 

8. Use a mounted needle or pipette to carefully transfer the root tips to a 

clean microscope slide.    

9. Add a drop of water to the root tips and gently spread the root tips with a 

mounted needle, so that they are not overlapping.  

10. Carefully place a coverslip on top, minimising the introduction of air 

bubbles.  

11. Cover the slide and coverslip with a paper towel  

12. Avoiding sliding the coverslip sideways, gently press down on the 

coverslip with a thumb to squash the root tips and to spread them out. 

Do not slide.   

13. View the root tip squash through a light microscope with the x10, then the 

x40 objective.  

14. Spend a few minutes looking over the whole of your prepared slide. You 

are looking for small, square cells that are found in straight rows/lines.  

9. 

10. 

11

12. 

Scan the link to see a 

video of this practical: 
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Expected results: 

  
 

Biological Drawing/diagram: 

1. Can you identify cells which are undergoing mitosis/cell division and which cells are in interphase – 
circle/label them. 

2. Can you calculate the percentage of cells which are dividing? 
3. Can you calculate the actual size of one of the cells. The magnification is 400x 
4. Calculate the mitotic index of the image 

 

Rules for drawing biological drawings: 

1. Draw with a sharp pencil. 

2. Use continuous lines  

3. Draw label lines with a ruler and pencil  

4. Never cross lines.  

5. Always include magnification  
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Calculating the Mitotic Index 

The majority of cells (~90%) should be in interphase. To calculate the mitotic index you use the formula = 

 

Worksheet: 

Part 1 

 
 

 

 

 

 

 

Part 2 

 

 

 



 Page 27 of 49 

Recall Questions: 

1. How can adding water make chromosomes move apart from each other in a cell?  

2. How can the overall magnification of a light microscope be calculated? 

3. What is the mitotic index? 

4. Write down the formula for mitotic index.  

5. What is an eyepiece graticule? 

6. Would you expect the mitotic index of root tip cells to be higher or lower than cells from a mature 

leaf? 

 

Exam Questions 

Q1. A student cut thin sections of tissue at different distances from the tip of a root. She stained the 

sections and viewed them with an optical microscope. 

For each section, the student counted the number of cells in mitosis and the total number 
of cells in each field of view. She then calculated a mitotic index for each section using 
the equation: 

mitotic index =  

The student’s results arer shown in the graph. 

  

(i)      The student cut thin sections of tissue to view with an optical microscope.  
Explain why it was important that the sections were thin. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________  (2) 
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(ii)     What does the graph show about the growth of roots? 
Use the data to explain your answer. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________  (2) 

Q2. 
A student investigated the stages of mitosis in a garlic root. The root tip was placed on a 
microscope slide with a stain. A cover slip was placed on top and the root tip was firmly 
squashed. 

(a)     Explain why 

(i)      a root tip was used; 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     a stain was used; 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(iii)     the root tip was firmly squashed. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(b)     The student examined the cells in the garlic root tip under the microscope, and obtained 
the following data. 

  

Stage Number of cells 

Interphase 872 

Prophase 74 

Metaphase 18 

Anaphase 10 

Telophase 8 
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(i)      Calculate the percentage of these cells in which the chromosomes are visible and 
would consist of a pair of chromatids joined together. Show your working. 

  

  

  

Answer ____________________ 

(2) 

(ii)     A different set of results was obtained when the count was repeated on another 
occasion with a different garlic root tip. Give two reasons for the difference in results. 

1. ____________________________________________________________ 

______________________________________________________________ 

2. ____________________________________________________________ 

______________________________________________________________ 

(2) 

Q3. 
(a)     A student prepared a stained squash of cells from the tip of an onion root and observed it 

using an optical microscope. 

During the preparation of the slide, he: 

•        cut the first 5 mm from the tip of an onion root and placed it on a glass slide 
•        covered this tip with a drop of stain solution and a cover slip 
•        warmed the glass slide 
•        pressed down firmly on the cover slip. 

He identified and counted nuclei in different stages of the cell cycle. 

Explain why the student: 

1. used only the first 5 mm from the tip of an onion root. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

2. pressed down firmly on the cover slip. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________   (2) 

 



 Page 30 of 49 

Figure 1 shows the cells the student saw in one field of view. He used this field of view to 
calculate the length of time these onion cells spent in anaphase of mitosis. 

 

(b)     Scientists have found the mean length of time spent by onion cells in anaphase of mitosis 
is 105 minutes. They also found the cell cycle of cells in the onion root shown in Figure 1 
takes 1080 minutes. 

32 whole cells are shown in Figure 1. 

Use this information and Figure 1 to calculate the length of time the cells of this onion 
root are in anaphase and then calculate the percentage difference between your answer 
and the mean length of time found by the scientists. 

Show your working. 

 

Answer = ____________________ % 

(2) 

(c)     Tick (✓) the name given to the division of cytoplasm during the cell cycle. 

  

A Binary fission 
 

B Cytokinesis 
 

C Phagocytosis 
 

D Segregation 
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 (d)    Describe and explain what the student should have done when counting cells to make 
sure that the mitotic index he obtained for this root tip was accurate. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________  (2) 

Q4. A student investigated mitosis in the tissue from an onion root tip. 

(a)     The student prepared a temporary mount of the onion tissue on a glass slide. She 
covered the tissue with a cover slip. She was then given the following instruction. 

“Push down hard on the cover slip, but do not push the cover slip sideways.” 

Explain why she was given this instruction. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________   (2) 

The image below shows one cell the student saw in the onion tissue. 

  

© Ed Reschke/ 
Oxford Scientific/Getty Images 

(b)     The student concluded that the cell in the image above was in the anaphase stage of 
mitosis. 
Was she correct? Give two reasons for your answer. 

1. _________________________________________________________________ 

___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________ (2) 
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(c)     The student counted the number of cells she observed in each stage of mitosis. 
Of the 200 cells she counted, only six were in anaphase. 

One cell cycle of onion root tissue takes 16 hours. Calculate how many minutes these 
cells spend in anaphase. 

Show your working. 

  

  

  

Answer = ____________________ minutes  (2) 

Q5. The photograph shows cells from an onion root tip. The root tip has been squashed and stained to 

show the stages of mitosis. 

  

(a)     (i)      At what stage of mitosis is cell A? 

______________________________________________________________ 

(1) 

(ii)     What is the evidence that cell B is in anaphase? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

 (b)     Explain how you would calculate the magnification of the photograph. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 
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Q6. The figure below shows some cells from an onion root tip at different stages of the cell cycle. 

  
© Ed Reschke/Oxford Scientific/Getty Images 

(a)     Place stages A to E in the correct order. Start with stage D. 

D 
___________________________________________________________________  (1) 

To obtain these images, the onion root tip was cut off, stained and put on a microscope slide. A 
cover slip was placed on top. The root tip was then firmly squashed and viewed under an 
optical microscope. 

(b)     Complete the table below to give one reason why each of these steps was necessary. 
  

Step Reason 

Taking cells from the root tip   

Firmly squashing the root tip   

(2) 

(c)     The number of cells at each stage of mitosis was counted. The results are shown in the 
table. 

  

Stage of mitosis Number of cells 

Interphase 123 

Prophase 32 

Metaphase 12 

Anaphase 6 

Telophase 27 
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One complete cell cycle takes 24 hours. The number of cells at each stage is proportional 
to the time spent at that stage. Calculate the length of time spent in metaphase. Show 
your working. 

   

  

Answer ____________________ hours  (2) 

Q7. Figure 1 shows all the chromosomes present in one human cell during mitosis. A scientist stained and 

photographed the chromosomes. In Figure 2, the scientist has arranged the images of these chromosomes 
in homologous pairs. 
  

Figure 1 Figure 2 

   

 (b)     Tick (✓) one box that gives the name of the stage of mitosis shown in Figure 1. 

  

A Anaphase 
 

B Interphase 
 

C Prophase 
 

D Telophase 
 

(1) 

(c)     When preparing the cells for observation the scientist placed them in a solution that had a 
slightly higher (less negative) water potential than the cytoplasm. This did not cause the 
cells to burst but moved the chromosomes further apart in order to reduce the overlapping 
of the chromosomes when observed with an optical microscope. 

Suggest how this procedure moved the chromosomes apart. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________     (2) 
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Homework: 
Complete these questions in your exercise book  
 

 
 
 
 

Recall Question Answers:  

How could you make chromosomes move apart from 
each other in a cell?  

Add water so that the cell takes up water through 
osmosis – elongating it and pulling chromosomes apart.  

How can the overall magnification of a light 
microscope be calculated? Objective lens x occular lens (usually x10) 

What is the mitotic index? The proportion of cells in a sample undergoing mitosis.  

Write down the formula for mitotic index.  
Mitotic index = number of cells with visible 
chromosomes / total number of observed cells 

What is an eyepiece graticule? 
A transparent ruler, attached to the eyepiece used to 
measure actual size of cells.  

Would you expect the mitotic index of root tip cells 
to be higher or lower than cells from a mature leaf? Higher- root tip divides to extend. 
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Lesson 4 – Cancer 
Notes:  
 

Once cells have divided enough to repair or replace a piece of tissue they stop. The rate of cell 
division can depend on the environment e.g nutrients and oxygen, hormones known as growth 
factors but also genes. This means that people can inherit genes that make them more likely to suffer with some 
cancers.  

Mutations in the genes that control cell division can cause cells to grow out of control – this is known as cancer. 
Mutations are changes to the base sequence of DNA, these can be caused by mutagens such as ionising radiation 
from UV rays or carcinogenic chemicals like those found in cigarette smoke.  Cancer cells are different to normal cells 
in their structure and function, they will either die through apoptosis or they can be destroyed by the immune 
system which recognises them as ‘foreign’ or different to normal body cells.  

If the cancer cells pass the checkpoints in the cell cycle, despite having damaged DNA and do not get destroyed by 
the immune system they can continue to divide by mitosis. Cancer or uncontrollable cell division causes the cells to 
keep on dividing and they layer on top of each other forming a tumour. Tumours can damage the organs they grow 
in; they can cause blockages or they can cause damage to other organs. Tumours need their own blood supply but 
often they suffer from low oxygen as the blood supply cannot satisfy the tumours oxygen demand as the rate of cell 
division is so high. There are two types of tumour: 

• Malignant - A malignant tumour grows quickly, will invade other tissues and can break off and spread 
around the body causing tumours in other organs (metastasis). These are more likely to be life threatening. 

• Benign – The tumour grows slowly and is kept in one place. They do not invade other tissues and start 
tumours in other organs. These are not usually life threatening. 
 

Cancer treatments can control the rate of cell division in cancer cells by targeting the cell cycle to try and stop it. This 

will kill the tumour cells and prevent them from dividing further. However, the treatments are not able to distinguish 

between cancer cells and other normal body cells that divide a lot e.g hair cells, stem cells in bone marrow and cells 

that line the small intestine. Cancer cells have a faster rate of division, so these cells are more likely to be affected by 

the cancer treatment. Examples of cancer treatments include:  

• Chemotherapy which prevents the synthesis of enzymes required for DNA replication. This stops the cell 
cycle before the S phase as it cannot take place. If DNA cannot be replicated cells will not be able to divide. 

• Radiotherapy and some chemotherapy drugs can damage DNA, if DNA is damaged the cell will not pass the 
check points in S phase. This will force the cell to kill itself (apoptosis). Cells will not divide/mitosis is 
prevented 

• Drugs which prevent spindle fibres from forming will prevent mitosis stage as one cell will contain double the 
DNA and one cell will contain no DNA. This prevents the cells from functioning or dividing again.  

 

Recall Questions 
 

1. Briefly, what causes cancer? 
2. How are tumours linked to cell division? 

3. What is the name given to the different types of tumour? 

4. What is the basic difference between a benign and a malignant tumour? 

5. Why do cells replicate by mitosis? 

6. What affects the rate of cell division? 

7. What happens if the genes controlling cell division are damaged (mutated). 

8. If uncontrolled mitosis due to mutation occurs, how does this affect the cells being created? 

9. If damaged cells created the genetic mutation survive, what could happen? 

10. Vincristine is a cancer drug which prevents spindle fibres from formed. Briefly describe how this will lead to 

treatment. 
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Exam Questions 

Q1. 
(a)     Some tumours are benign and some are malignant. 

(i)      Give one way in which a benign tumour differs from a malignant tumour. 

______________________________________________________________ 

(1) 

(ii)     Describe two ways in which both types of tumour may cause harm to the body. 

1. ____________________________________________________________ 

______________________________________________________________ 

2. ____________________________________________________________ 

______________________________________________________________ 

(2) 

(b)     (i)      Explain the link between sunbathing and skin cancer. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     Suggest why fair-skinned people are at a greater risk of skin cancer than dark-
skinned people when sunbathing. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(iii)     Suggest why people with a family history of cancer are at a greater risk of cancer 
than those with no family history of cancer. 

______________________________________________________________ 

______________________________________________________________ (1) 

Q2.  (a)      Cells lining the human intestine complete the cell cycle in a short time. Explain the 

advantage of these cells completing the cell cycle in a short time. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(1) 
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 (b)     Mikanolide is a drug that inhibits the enzyme DNA polymerase. Explain why this drug 
may be effective against some types of cancer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

Q3. The diagram shows a cell cycle. 

  

(a)     The table shows the number of chromosomes and the mass of DNA in different nuclei. 

All the nuclei come from the same animal. Complete this table. 
  

Nucleus 
Number of 

chromosomes 
Mass of DNA / arbitrary 

units 

At prophase of mitosis 26 60 

At telophase of mitosis     

From a sperm cell     

(4) 
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(b)     If the DNA of the cell is damaged, a protein called p53 stops the cell cycle. 

Mutation in the gene for p53 could cause cancer to develop. Explain how. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(c)     Drugs are used to treat cancer. At what phase in the cell cycle would each of the following drugs act? 

(i)      A drug that prevents DNA replication 

______________________________________________________________ (1) 

(ii)     A drug that prevents spindle fibres shortening 

______________________________________________________________ (1) 

Q4.The death rate from malignant skin tumours was investigated in the USA. The graph shows the 

results for fair-skinned men in different age groups. 

  

(a)     Describe what is meant by a malignant tumour. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________   (3) 
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(b)     Give one reason for the change in death rate from malignant skin tumours with increasing 
age. 

___________________________________________________________________ 

___________________________________________________________________    (1) 

(c)     The data for fair-skinned and dark-skinned people were collected separately. 
Explain why skin colour was a factor likely to affect the death rate. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________    (2) 

Q5. A cancerous tumour is formed by uncontrolled mitotic division. This results in a mass of cells with an 

inadequate blood supply. Drugs are being developed which only kill cells in a low oxygen environment. 
Suggest how these drugs could be useful in the treatment of cancer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________  (2) 

Q6.  Scientists looking for treatments for cancer are investigating the use of substances called 

kinesin inhibitors (KI). These inhibitors prevent successful mitosis. Some kinesin inhibitors cause the 
development of a monopolar spindle in mitosis. 

The diagram below shows chromosomes attached to a normal mitotic spindle and to a monopolar 
mitotic spindle. 

  

Suggest why the development of a monopolar mitotic spindle would prevent successful 
mitosis. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________  (2) 
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Q7. Bone marrow cells divide rapidly. As a result of a mutation during DNA replication, a bone marrow 

cell may become a cancer cell and start to divide in an uncontrolled way. A chemotherapy drug that kills 
cells when they are dividing was given to a cancer patient. It was given once every three weeks, starting 
at time 0. The graph shows the changes in the number of healthy bone marrow cells and cancer cells 
during twelve weeks of treatment. 

  

(i)      Using the graph calculate the number of cancer cells present at week 12 as a 
percentage of the original number of cancer cells. Show your working. 

  

  

Answer ____________________%   (2) 

(ii)     Suggest one reason for the lower number of cancer cells compared to healthy cells 
at the end of the first week. 

______________________________________________________________   (1) 

(iii)     Describe two differences in the effect of the drug on the cancer cells, compared 
with healthy cells in the following weeks. 

1. ____________________________________________________________ 

______________________________________________________________ 

2. ____________________________________________________________ 

______________________________________________________________   (2) 
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Homework 

Cancer and the cell cycle 

Adapted from: https://www.khanacademy.org/science/biology/cellular-molecular-biology/stem-cells-and-

cancer/a/cancer 

Introduction 

Does cell cycle control matter? If you ask an oncologist – a doctor who treats cancer patients – she or he will likely 

answer with a resounding yes. 

Cancer is basically a disease of uncontrolled cell division. Its development and progression are usually linked to a series 

of changes in the activity of cell cycle regulators. For example, inhibitors of the cell cycle keep cells from dividing when 

conditions aren’t right, so too little activity of these inhibitors (tumour suppressor genes) can promote cancer. 

Similarly, positive regulators of cell division can lead to cancer if they are too active. In most cases, these changes in 

activity are due to mutations in the genes (oncogenes) that encode cell cycle regulator proteins. 

Here, we’ll look in more detail at what's wrong with cancer cells. We'll also see how abnormal forms of cell cycle 

regulators can contribute to cancer. 

 

How Do Cancer Cells Differ from Normal Cells?  

Cancer cells behave differently than normal cells in the body. Many of these differences are related to cell division 

behaviour.  

For example, cancer cells can multiply in culture (outside of the body in a dish) without any growth factors, or growth-

stimulating protein signals, being added. This is different from normal cells, which need growth factors to grow in 

culture. 

Diagram showing different responses of 

normal and cancer cells to growth factor 

presence or absence. 

• Normal cells in a culture dish will not 

divide without the addition of growth 

factors. 

• Cancer cells in a culture dish will divide 

whether growth factors are provided 

or not. 

Cancer cells also ignore signals that should 

cause them to stop dividing. For instance, when normal cells grown in a dish are crowded by neighbours on all sides, 

they will no longer divide. Cancer cells, in contrast, keep dividing and pile on top of each other in lumpy layers. These 

will eventually form tumours, if a tumour has formed but has stopped growing it is known as benign but cancerous 

tumours continue to grow and are known as malignant.  

 

Cancer and the Cell Cycle 

In normal cells, hundreds of genes control the process of cell division. Normal growth requires a balance between the 

activity of those genes that promote cell division and those that suppress it. It also relies on the activities of genes that 

signal when damaged cells should undergo apoptosis (programmed cell death). Cancer cells are cells gone wrong — 

in other words, they no longer respond to many of the signals that control cellular growth and death. 

https://www.khanacademy.org/science/biology/cellular-molecular-biology/stem-cells-and-cancer/a/cancer
https://www.khanacademy.org/science/biology/cellular-molecular-biology/stem-cells-and-cancer/a/cancer
https://www.khanacademy.org/science/biology/cellular-molecular-biology/stem-cells-and-cancer/a/cell-cycle-regulators
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As a cell approaches the end of the G1 phase it is 

controlled at a vital checkpoint, called G1/S, where 

the cell determines whether or not to replicate its 

DNA. At this checkpoint the cell is checked for DNA 

damage to ensure that it has all the necessary cellular 

machinery to allow for successful cell division. As a 

result of this check a "molecular switch" is turned on 

or off. Cells with intact DNA continue to S phase; cells 

with damaged DNA that cannot be repaired are 

stopped and "commit suicide" through apoptosis. A 

second such checkpoint occurs at the G2 phase 

following the synthesis of DNA in S phase but before 

cell division in mitosis. Cancer cells “pass” both these 

checkpoints despite being damaged. 

Cells become cancerous after mutations accumulate in the various genes that control cell division. According to 

research findings from the Cancer Genome Project, most cancer cells possess 60 or more mutations. For instance, 

growth-promoting genes are among those most commonly mutated in cancer cells, they become super-active and 

produce cells that are too strongly stimulated by growth receptors.  

Other cancer-related mutations inactivate the genes that suppress cell division or those that signal the need for 

apoptosis. These tumor-supressor genes normally function like brakes on cell division, and both copies within a cell 

must be mutated in order for uncontrolled division to occur. For example, many cancer cells carry two mutant copies 

of a gene that normally senses DNA damage. 

 

Cancer Treatments 

Some chemotherapy drugs work to counteract mutations by preventing DNA from replicating, inhibiting the 

metaphase stage of mitosis by stopping mitotic spindle formation and blocking the action of growth-signalling 

proteins, this prevents cell division in cancerous cells but it is not specific to cancer cells. They especially affect cells 

which go through rapid cell division such as hair cells and blood cells. This can cause many side effects such as hair 

loss but also anaemia (reduction in red blood cells), and increased rates of infection (reduction in white blood cells).  

Researchers and drug companies are developing cell cycle-based, targeted cancer therapies that emulate the body's 

natural process in order to stop the growth of cancer cells specifically without affecting others. This approach can 

limit the damage to normal cells and the accompanying side effects caused by conventional chemotherapy drugs. 

You can learn more about chemotherapy and how it works here: https://www.cancerresearchuk.org/about-

cancer/cancer-in-general/treatment/chemotherapy/how-chemotherapy-works 

And you can read more about targeted cancer therapies here: https://www.cancer.gov/about-

cancer/treatment/types/targeted-therapies/targeted-therapies-fact-sheet#how-are-targets-for-targeted-cancer-

therapies-identified 

Task: Read the text which describes the ways in which cancer cells are different to normal cells in terms of cell 

division, environmental factors, and genes. Use the information in the text and your knowledge of the cell cycle to 

answer the following questions: 

- How do differences in cancer cells allow them to form tumors? 

- What are the two types of tumour and how are they different? 

- How does the cell cycle usually prevent cancer? 

- How do the drugs that treat cancer work? 

- Explain the side effects of cancer therapy and how they can be reduced. 

https://www.cancerresearchuk.org/about-cancer/cancer-in-general/treatment/chemotherapy/how-chemotherapy-works
https://www.cancerresearchuk.org/about-cancer/cancer-in-general/treatment/chemotherapy/how-chemotherapy-works
https://www.cancer.gov/about-cancer/treatment/types/targeted-therapies/targeted-therapies-fact-sheet#how-are-targets-for-targeted-cancer-therapies-identified
https://www.cancer.gov/about-cancer/treatment/types/targeted-therapies/targeted-therapies-fact-sheet#how-are-targets-for-targeted-cancer-therapies-identified
https://www.cancer.gov/about-cancer/treatment/types/targeted-therapies/targeted-therapies-fact-sheet#how-are-targets-for-targeted-cancer-therapies-identified
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_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

Recall Question Answers 

Briefly, what causes cancer? When the cell cycle is out of control (gene mutation) 

How are tumours linked to cell division? Tumours are caused by uncontrolled cell division. 

What is the name given to the different types of 
tumour? 

Benign or malignant (cancerous). 

What is the basic difference between a benign and a 
malignant tumour? 

A benign tumour grows slowly and is kept in one place, 
not typically life threatening. A malignant tumour grows 
quickly and will spread around the body, more likely to 
be life threatening. 

Why do cells replicate by mitosis? To increase the size of tissues, (growth); or to replace 
dead or damaged cells (repair). 

What affects the rate of cell division? The environment, growth factors and 2 genes. 

What happens if the genes controlling cell division 
are damaged (mutated). 

Uncontrolled mitosis can occur. 

If uncontrolled mitosis due to mutation occurs, how 
does this affect the cells being created? 

They are usually structurally and functionally different 
to normal body cells. Typically, they die or are 
destroyed. 

If damaged cells created the genetic mutation 
survive, what could happen? 

They could clone themselves and form either benign or 
malignant tumours. 

Vincristine is a cancer drug which prevents spindle 
fibres from formed. Briefly describe how this will 
lead to treatment.  

No spindle = no anaphase so mitosis cannot occur, cells 
can't divide & cancer can't develop further.  
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Lesson 4 – Binary Fission 

Notes:  

Bacteria reproduce through binary fission which is a form of asexual reproduction. It is very similar to 

mitosis. The DNA of a prokaryotic cell is not linear and it does not condense into chromosomes because it 

does not associate with histone proteins, it is a single loop of circular DNA (1). At the start of binary fission 

the DNA is replicated along with any plasmids (2). The number of ribosomes also increases. The cell then 

elongates (3) and the cytoplasm divides, similar to cytokinesis in plant cells as the cell wall has to be 

reformed along the centre (4-5). The product is two new cells each with a single, identical copy of the 

circular DNA loop (6).  

 

Bacteria divide like this at regular intervals e.g every 20 mins, as long as there are enough resources to 

maintain growth. This allows mathematical calculations to be made in order to predict how many bacteria 

will be present in a given time. 

How to calculate the number of bacteria in a population 

Example Question:  The mean division time for bacteria population A is 20 minutes. If the observation 

begins with one bacterium, calculate how many bacteria will be present after six hours. 

In order to answer this, you can split the calculations into two sections. 

Part 1 – Calculate how many times the bacteria divide in six hours 

In this example, the bacteria divide every 20 minutes, and will therefore divide three times every hour, 

6020 = 3. 

If the bacteria grow for six hours, each bacterium will divide 3 times per hour × 6 hours = 18 times. 
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Part 2 – Calculate the number of bacteria in the population 

Every time the bacteria reproduce, the number doubles. To calculate the number of bacteria at the end of 

the growth period, you can use this equation:  

Number of bacteria at the beginning of the growth period × 2number of divisions 

So from our question the number of bacteria at the beginning = 1 and the number of divisions = 18 

Our calculation using the formula: 1 × 218 = 1 × 262,144 = 262,144 bacteria 

You could be asked to express your answers in standard form. We do this to make large numbers easier to 

deal with (more manageable).  

For example, the above answer of 262,144 bacteria can also be written as 2.62 × 105 bacteria. 

Recall Questions 

1. Why do prokaryotes undergo Binary Fission? 
2. What replicates in Binary fission? 
3. What formula can you use to calculate the number of bacteria in a population? 
4. The mean division time for a bacterial population is 30 minutes. Calculate how many bacteria will 

be present after eight hours, when starting with one bacterium. Show your working 
 

Exam Questions 

Q1. Bacteria are often used in industry as a source of enzymes. One reason is because bacteria divide 

rapidly, producing a large number of them in a short time. 

Describe how bacteria divide. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________   (2) 

Q2.  (c)     Name the process by which prokaryotic cells divide. 

___________________________________________________________________ 

(1) 

(d)     Some prokaryotic cells can divide every 30 minutes. A liquid culture contained a starting 
population of 1.35 × 104 cells. 

Assuming each cell divides every 30 minutes, calculate how many cells there will be after 
3 hours. Assume no cells die during this time. 

 

 

Answer = ____________________ 

(2) 
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Homework  - Complete the Quiz 
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Recall Question Answers 

Why do prokaryotes undergo Binary Fission? Bacteria replicate using binary fission 

What replicates in Binary fission? 
Chromosomal DNA replicates once- plasmids may 
replicate many times 

What formula can you use to calculate the number 
of bacteria in a population?  

Number of bacteria at the start x 2number of divisions 

E.g Number of bacteria at the beginning = 1 
Number of divisions = 18 
1 × 218 = 1 × 262,144 = 262,144 bacteria  
OR - 2.62 × 105 bacteria in standard form 

The mean division time for a bacterial population is 
30 minutes. Calculate how many bacteria will be 
present after eight hours, when starting with one 
bacterium. Show your working 

If after every 30 minutes there is one division, then 
after 60 minutes (one hour) there are two divisions. 
 
8 hours × 2 divisions = 16 divisions in total. 
 
Therefore, 1 × 216 = 1 × 65,536, which is 65,536 
bacteria, or 6.55 x 104 bacteria in standard form. 

 

 


