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WORK AND EXPERIMENTATION TECHNIQUES
In this section, you’ll find out about interesting methods and 
procedures for handling instruments and for carrying out your 
study. These will help you learn about your surroundings and the 
things found there. With these techniques, you will be able to put 
into practice what you have learnt in this unit.

FINAL TASK
We will guide you through the task you have to carry out, and 
explain how you should present your results. This Final task for 
the unit is also available in digital format in Oxford investigation.

CONSOLIDATION
This is a double page of activities that relate to the unit content. 
There are two highlighted sections: Read and understand 
science and Study skills. These consist of a summary, a concept 
map and a glossary of scientific terms. 

This is your book
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Creating a karyotype

1. Why are karyotypes made from cells found in the metaphase of mitosis?

2. Homologous chromosomes have the same genes in the same order, but have they got exactly the same genetic 
information?

1. Use the Internet to find photographs of human cells in which individual chromosomes can be easily recognised.  

2. Magnify the images and print them.

3. Cut out the chromosomes.

4. Order the chromosomes in homologous pairs according to their structure and size.

5. Stick all the pairs on a piece of card.

Procedure

A karyotype is the set of chromosomes of an 
individual. It is organised in pairs of homologous 
chromosomes and sorted according to their 
structures. They are made from photographs of 

cells during the metaphase of mitosis. By studying karyotypes we 
can detect chromosomal abnormalities in the individual.

In order to create a karyotype you will have to research the structure 
of chromosomes.

Materials

 ❚ Photographs of human cells with chromosomes

 ❚ Scissors

 ❚ Glue

 ❚ Tablet, mobile phone or camera

Endosymbiosis theory by Lynn Margulis

a) Who was Lynn Margulis?

b) In which scientific field did she work?

c) What theory did she develop?

d) Which organelles did she specifically refer 
to in her theory?

e) How does her theory explain the existence 
of eukaryotic cells in the world?

1. Research

In order to present your results, you will have to 
create a digital presentation:

a) Organise the information you find about 
Lynn Margulis’s life.

b) Describe her theory making sure you add 
the data she used.

c) Add images to help support your explana-
tions.

2. Presentation

Before starting this task, all team members must share the workload equally. 

In order to complete this task, you should carry out the following steps:

Search for information

 ❚ Take notes while you research Lynn Margulis and her theory, making sure 
you keep references for the bibliography.

 ❚ Always use trustworthy sources that give scientific guarantees: university 
pages, other recognised scientific institutions and so on. Try not to use 
pages created by students, as most of them are not verified.

 ❚ Do not just rely on one source of information. Always compare your 
sources and be selective. 

Organise the information 

 ❚ Organise your information into short paragraphs that can be used in 
the slides. Make sure to keep them as short and simple as possible. 

 ❚ Add graphs, tables and images that support the information provided 
to make the slides more visually attractive.

Draw conclusions and check your research

 ❚ Check your answers. Make sure that they are supported by information 
which appears in more than one source and ask your teacher if 
necessary.

 ❚ Make sure that you have answered all the questions.

Procedure

❚ Answer the following questions to evaluate your work:

 1.  Have you researched enough sources? Were the sources trustworthy?

 2.  Does the presentation provide a clear explanation of who Lynn Margulis was and her endosymbiosis theory?

 3.  Do you think that your digital presentation is attention grabbing?

 4.  Give your research and digital presentation a score from 1 to 5.

SELF-ASSESSMENT 

Lynn Margulis was an incredible scientist that has helped 
in the understanding of cell evolution.

Her theory, which explains how eukaryotic cells 
originated after developing symbiotic partnerships 

with bacteria, is nowadays widely accepted by the scientific 
community.
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Cell structure and cell functions

33. Why are microscopes essential instruments in the 
study of cells? Find information about the different 
types of microscopes that exist. 

34. Define the following terms:
a) cell interaction 

b) chromosome

c) vacuole

d) mitotic spindle

34. Explain using examples how cell interaction is 
different in unicellular and multicellular organisms.

36. Find information about the following scientists 
and explain how they contributed to the study of 
cells: Antonie Van Leeuwenhoek, Santiago Ramón 
y Cajal, Matthias Schleiden, Theodor Schwann and 
Rudolf Virchow.

Types of cells

37. Read the following paragraph. Spot the mistakes 
and correct them.
Prokaryotic cells are simpler than eukaryotic cells because 
they have no nucleus, so they lack genetic material. They 
also do not have any organelles in their cytoplasm, so they 
do not perform biochemical reactions. Another important 
difference between the two types of cells is that eukaryotic 
cells are smaller than prokaryotic ones. This is why bacteria 
are formed of eukaryotic cells. 

Prokaryotic cells

38. Look at the image and name the structures:
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39. How do prokaryotic cells, which do not have 
mitochondria, obtain energy? 

Eukaryotic cells

40. Order the following events in chronological order: 
lysosome digestion, pseudopodia production, 
intracellular digestion and phagocytosis.

41. Find information about metamorphosis and write 
a small report in your notebook that explains the 
role of lysosomes in the process.

48. If the haploid number of a species is 6, identify 
the number of chromosomes during the following 
stages:
a) metaphase in mitosis

b) metaphase II in meiosis

c) in each cell pole during telophase in mitosis

d) in each cell pole during telophase I in meiosis

49. Identify the processes that relate to the following 
descriptions:
a) Once the chromatids have moved to the poles of the 

cell, the remains of the mitotic spindle disappear.

b) Homologous chromosomes join and genetic recombination 
takes place.

50. Identify the following stages of mitosis:

51. Say whether mitosis or meiosis is involved in the 
following situations: 
a) wound healing

b) production of sperm

c) a child growing

52. Explain why the following statements are 
impossible.
a) A bacterium produces pseudopods.

b) A cell survives without genetic material.

c) Sexual reproduction happens without meiosis.

d) Mitosis occurs without the mitotic spindle.

53. In your notebook, create a comparative table for 
the following phases: anaphase in mitosis as well 
as anaphases I and II in meiosis.

42. The following photograph shows a cell organelle.

a) What type of organelle is it?

b) In what type of cells can we fi nd it?

43. Mention an organelle that is very developed (or 
abundant) in the following cells: 
a) muscle cell

b) glandular cell

c) plant leaf cell

44. Observe the cells in the image. What type of cells 
are they? If the microscope that took the image 
magnified the image 1 000 times, what is the real 
size of the cells?

45. The following table shows the absence or presence 
of certain organelles in three types of cells:

Cell Chloroplasts Mitochondria Nucleus

A No Yes

B Yes Yes

C No

a) Copy and complete the table in your notebook.

b) Identify what types of cell A, B and C are. 

46. Explain the relationship between the following:
a) nutrition and cell metabolism

b) Golgi apparatus and endoplasmic reticulum

c) centriole and cilia

d) centriole and mitosis

Cell division

47. Imagine a cell has 14 chromosomes and has been 
created by another cell that has exactly the same 
number of chromosomes. Could it be a gamete?

54. Explain how a cell can obtain the following:
a) 2n-1 chromosomes

b) n-1 chromosomes

55. What is the biological purpose of mitosis? And 
meiosis?

Key to understanding cancer: controlling the speed at 
which cells divide

We all have a preconceived idea of cancer as a fast and 
uncontrolled disease. This is why the discovery of a 
protein involved in the basic process of cell reproduction 
(mitosis), could change the speed at which a particular 
cancer develops. The protein is called Mad1, and it could 
help attack tumours. It has been discovered by a team led 
by Verónica Rodríguez Bravo, from the Sloan-Kettering 
Institute. 

'Cell division, mitosis, is the most complex process that a cell 
can undergo. The nucleus disappears and the chromosomes 
have to line up and then split up, so that they can be shared 
exactly by the daughter cells', Rodriguez Bravo explained. 
Rodriguez Bravo’s team has observed that when there is 
a lack of Mad1, everything happens rapidly and mistakes 
happen. Cells that have the potential of becoming tumours 
originate from those mistakes.

EMILIO DE BENITO 
(translated) Madrid, 4 March 2014

a) Explain in your words the discovery made by Rodriguez 
Bravo’s team.

b) What happens when the protein Mad1 does not exist?

c) Why does the absence of the protein favour cells 
that have the potential of becoming tumours?

READ AND UNDERSTAND SCIENCE

STUDY SKILLS

❚ Create your own summary of the unit using the Key concepts. Add any other important 
information.

❚ Copy the following diagram and add the missing information to create a concept map of the 
unit.

You can record your summary and listento it as many timesas you like to revise.

❚ Create your own scientific glossary. Include the following words: cell, nutrition, interaction, reproduction, eukaryotic cell, 
prokaryotic cell, pseudopodia, nucleoplasm, chromatin, chromosome, histone, chromatid, homologous chromosomes, 
centromere, somatic cells, gametes, mitotic spindle, cytokinesis, meiosis, mitosis, genetic recombination, mitochondria, 
centrioles and chloroplasts. You can add any other terms you consider important.
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PRESENTATION
In order to give you an overview of the unit, there’s a large picture 
and some questions to stimulate previous knowledge. This will 
help you relate the unit content to some aspects of your daily 
life, and show you how the content can be applied to real life. 
We recommend that you answer the questions throughout the 
unit. There’s also a Final task which will prepare you as you go 
through the unit. The same task is also presented in digital format 
in Oxford investigation. The link near the picture will take you 
to a short introductory video.

You have a DUAL BOOK: a printed book and its electronic version, 
which includes resources for you to use together with the unit. In 
order to access the electronic version, use the code in the book 
and follow the instructions. You will be able to work either online 
or offline.

Digital icon: This icon reminds you that there is a digital 
version of your DUAL BOOK, Oxford investigation. In this 

version, you will find reading comprehension worksheets, animated 
videos, videos, relevant web links and interactive versions of all the 
course book activities.

CONTENT DEVELOPMENT
On these pages, there is an explanation of the material you are 
going to study. The activities are classified as lower-order thinking 
skills (Remember, Understand and Apply), or higher-order thinking 
skills (Analyse, Evaluate, Create). There is a brief summary of the 
content (Key concepts) at the end of each lesson in the margin.

● Compare prokaryotic cells with 
eukaryotic cells and animal cells 
with plant cells. This will be done 
by understanding the function 
of cell organelles, as well as the 
relationship between their shape 
and function.

● Identify the nucleus of the cell, as 
well as its organisation according 
to the different phases of the cell 
cycle.

● Differentiate the structure 
of chromosomes from the 
structure of chromatin and 
perform a karyotype.

● Name the main processes that 
take place during mitosis and 
meiosis, as well as understand 
their meaning and biological 
importance.

● Carry out a research task.
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YOU WILL LEARN TO…

CELLS

 What are the three vital functions that all cells have in common?

 What are the structures seen in the cells in the image?

 What are the main differences between prokaryotic and 
eukaryotic cells? 

 What organelles can we find in eukaryotic cells?

 How do cells reproduce?

Final task

51. Cells

Endosymbiosis theory by Lynn Margulis

Lynn Margulis was an American biologist who revolutionised cellular biology when 
she proposed the endosymbiosis theory to the scientific community. The theory 
claimed that eukaryotic cells are a result of the union of different bacteria that 
started to cooperate with each other. 

In this unit, we will study the different parts of a cell and their characteristics. This 
way, we will have a better understanding of the theory proposed by Lynn Margulis. 
At the end of the unit, you will produce a digital presentation that describes her 
theory as well as your own views about it. 
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Remember

1.  Listen to the following 
statements about cells and 
answer true or false. 
Correct the false sentences.

Understand

2. Why is it important that 
the membrane of cells is 
in an adequate condition? 
What would happen if 
the condition of the 
membrane was altered?

Analyse

3. Human red blood cells do 
not have genetic material. 
What consequences do 
you think this has for red 
blood cells?

1. CELL STRUCTURE AND CELL FUNCTIONS

In 1838, two German scientists named Mathias Schleiden (botanist) and Theodor 
Schwann (zoologist) formulated1 the cell theory. Since then, this theory has gradually 
been completed thanks to new scientific and technological discoveries. The theory can 
be summarised in the following way:

 ❚ One or more cells form all living things.

 ❚ The cell is the simplest and smallest living thing that exists.

 ❚ All cells come from pre-existing cells.

 ❚ Every single cell that forms part of a multicellular organism carries out its own actions, 
although there is a certain amount of coordination between cells. 

1.1. Cell structure

There are many types of cells, however they all have a common basic structure:

 ❚ A border that separates the cell from the environment: membrane.

 ❚ An inner space where the chemical reactions needed to carry out the vital functions 
take place: cytoplasm.

 ❚ A control system that directs all of the cell functions: genetic material.

Key concepts

 ❚ Cells are the basic unit of 
life and perform the three 
vital functions of nutrition, 
interaction and reproduction.

 ❚ Cells are made up of a 
membrane that surrounds 
them, cytoplasm in which vital 
chemical reactions take place 
and a nucleus that contains 
genetic information.

Remember

5. Why do cells need 
nutrients from the 
external environment?

6.  Listen to the 
following statements 
and relate them to their 
relevant vital function.

Animal cell seen through a transmission electron microscope.

1.2. Cells’ vital functions

Cells are the basic blocks of life and perform the three vital functions: nutrition, 
interaction and reproduction. All cells, from unicellular organisms to the cells that form 
part of multicellular organisms, perform the three vital functions. 

1.2.1. Nutrition

Through the process of nutrition, cells take molecules (nutrients) 
from the external environment and transform them into energy. This 
energy is used by cells to function or to renew their cellular structures.  

There are two types of nutrition: autotrophic nutrition, in which 
cells create organic matter from inorganic matter, and heterotrophic 
nutrition, in which cells use organic matter.

These transformations happen in the cytoplasm through a process 
called metabolism. This process constitutes the basis of cell life. 

At the end of the nutrition process, waste products, such as carbon 
dioxide, urea, and water, are produced and generally released to the 
external environment.

1.2.2. Interaction

This function allows cells to communicate with the external 
environment. This means cells can adapt to the changes that occur 
around them and continue performing the activities they need in 
order to live. 

Cells would not be able to survive if this function did not exist. They would be unable 
to activate the essential mechanisms needed to maintain their vital activity. 

1.2.3. Reproduction

This function refers to the formation of new cells from existing ones. In unicellular 
organisms, reproduction produces a new living thing. In multicellular organisms, 
reproduction also substitutes dead cells and increases the number of cells when 
the organism is growing.

Membrane. Thin layer that separates 
the cell from the external environment. 
Through the membrane, necessary 
substances for nutrition enter and waste 
products exit. It is the area through which 
the cell and the external environment 
exchange products.

Cytoplasm. The inner part of the cell, 
where all of the biological molecules 
needed to perform the vital functions 
are found.

Genetic material. Molecules that contain 
the necessary information to direct all 
cellular activity. They also contain the 
characteristics of each cell. The genetic 
material is essential for the maintenance 
of cells.

Understand

4. Phagocytosis is the process protozoa use to carry 
out nutrition. Look at the photograph and 
identify the structure used by the protozoan to 
perform phagocytosis.

Protozoan absorbing nutrients through phagocytosis.

Amoeboid movement by a protozoan Mitosis taking place in an animal cell.

1formulated: created 
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