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Introduction



Welcome to How to Pass National 5 Biology!


The fact that you have opened this book and are reading it shows that you want to pass your SQA National 5 Biology course. This is excellent because passing, and passing well, needs that type of attitude. It also shows you are getting down to the revision that is essential to pass and get the best grade possible.


The idea behind this book is to help you to pass, and if you are already on track to pass, it can help you improve your grade. It can help boost a C into a B or a B into an A. It cannot do the work for you, but it can guide you in how best to use your limited time.


In producing this book we have assumed that you are following or have followed an SQA National 5 level Biology course at school or college this year and that you have probably, but not necessarily, worked on Science Experiences and Outcomes up to and including Fourth Level at an earlier stage.


We recommend that you download a copy of the National 5 level Biology Course Specification from the SQA website at www.sqa.org.uk.


Course assessment outline


The components of the National 5 Biology assessment system are summarised in the table below.
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Component 1: course examination (100 marks)


The National 5 examination is a single paper consisting of a booklet of questions in two sections:





•  Section 1 contains 25 multiple-choice questions for 1 mark each.



•  Section 2 contains a mixture of structured and extended response questions for a total of 75 marks. Some questions might have choice within them.





The majority of the marks test demonstration and application of knowledge, with an emphasis on the application of knowledge. The remainder test the application of scientific inquiry skills. Each paper includes a short passage testing scientific literacy.


The course examination is marked by SQA and contributes 80% to the overall grade for the course. A list of the knowledge and skills required for your exam is summarised in the table below.






	Knowledge and skills

	Meaning






	Demonstrating knowledge

	Demonstrating knowledge and understanding of key areas of biology






	Applying knowledge

	Applying knowledge of key areas of biology to new situations, interpreting information and solving problems






	Planning

	Planning or designing experiments to test given hypotheses






	Selecting

	Selecting information from a variety of sources






	Presenting

	Presenting information appropriately in a variety of forms






	Processing

	Processing information using calculations and units where appropriate






	Predicting

	Making predictions and generalisations based on evidence






	Concluding

	Drawing valid conclusions and giving explanations supported by evidence






	Evaluating

	Suggesting improvements to experiments and investigations







The knowledge content is detailed in the tables on pages 25–47 of the Course Specification and you should note that both the Key Area and Depth of Knowledge columns can be examined. You will also be expected to be familiar with the apparatus and techniques in the table on page 48.


It is a good idea to get copies of any specimen or past papers that are available on the SQA website.


Component 2: Assignment (20 marks)


The assignment is a task which is based on experiments and further research that you have carried out in class time. The investigation will be supervised by your teacher and you will have to write up the work in the form of a report during a controlled assessment. During the controlled assessment you will have access to selected material and notes but you cannot use a draft copy of any part of your assignment report.


The assignment has two stages:





1  a research stage



2  a report stage.






The assignment report


The report is marked out of 20 marks, allocated as shown in the table below. There are 17 marks for skills and 3 marks for the demonstration and application of biological knowledge.






	Aspect of your report

	Marks







	Stating your aim

	  1







	Underlying biology

	  3







	Data collection and handling

	  6







	Graphical presentation

	  4







	Analysis

	  1







	Drawing a valid conclusion

	  1







	Evaluation

	  2







	Structuring your report

	  2







	Total

	20








The assignment is marked by SQA and makes up 20% of your overall course assessment and grading.


About this book


We have tried to keep this book simple and easy to understand and have used the language of the SQA National 5 Course Specification. This is the language used in the setting of the exam papers.


We suggest that you use this book throughout your course. Use it at the end of each Key Area covered in class, in preparation for any assessment or tests, before your preliminary examination and, finally, to revise the whole course in the lead-up to your final examination.


There is a grid on page x that you can use to record and evaluate your progress.


The course content is split into three sections which cover the three areas of National 5 Biology. Each section is divided into chapters, each of which covers a Key Area. The Key Areas have four main features: key points, summary notes, key words and questions.
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Key points


This is a list of the pieces of knowledge you will need to demonstrate and apply in each Key Area. Each point ends with a tick box which you can use to monitor your learning. You could traffic-light each tick box: green for fully understood, orange for nearly there and red for needing to be looked at again. The words in bold within the key points are vital and each is defined in the key words section at the end of the chapter and also in the glossary at the back of the book.
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Summary notes
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Key words


The key words used are listed at the end of each chapter along with a definition of each. These are the crucial terms you need to know to do well in N5 Biology. After completing your work on a Key Area, it is a good idea to make a set of flash cards using these words.
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Questions


A set of both short-answer and longer-answer questions is found at the end of each chapter. These allow you to practise the demonstration of knowledge from each Key Area. National standard answers are provided at the end of each set of chapters and it is recommended that you mark and correct your own work.
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Practice assessment


We have included a practice assessment linked to each area. These can give you an idea of your overall progress in the course. We have designed these assessments to be like mini course exams with multiple-choice, structured response and extended response items.


The questions are intended to replicate the style of those you will meet in the course exam. They allow you to judge how you are doing overall. Some questions will test knowledge and its application while others will test your skills of scientific inquiry; these have been indicated with ‘SSI’ so that you can identify them. These are provided in roughly the same proportion as in your final exam.


Give yourself a maximum of 70 minutes to complete each test.


Mark your own work using the answers provided at the end of each section. You could grade your work as you go along to give you an idea of how well you are doing in the course. The table below shows a suggested grading system:






	Mark out of 45


	Grade







	18–22 marks


	D







	23–26 marks


	C







	27–31 marks


	B







	32+ marks


	A









Skills of scientific inquiry


This section offers three different approaches to revising and improving your skills of scientific inquiry. Section 4.1 focuses on an example investigation and provides questions on the thinking that should go into experimental design, collection and presentation of results and concluding from these results. Section 4.2 involves seven practice questions in which all the individual skills, apparatus and techniques have been identified for you so that you can work on consolidating your strengths and improving weaker areas. In Section 4.3, we offer some classified tips and hints for tackling exam questions. Most students should use all three sections. Answers and a set of key words are provided at the end of the section.


Your assignment


We give an introduction to the assignment, some suggestions for suitable topics and some information to help you complete the task. The table on page 150 has a checklist of points you will need to have in your report.


Your exam


We give some hints on approaches to your final exams in general as well as more specific tips for your National 5 Biology exam.


Glossary


Here we have brought together the meanings of the key words that occur in the Course Specification for National 5 Biology in the context of the Key Areas in which they first appear in the book. You could use this glossary to make flash cards. A flash card has the term on one side and the definition on the other. Get together with a friend and use these cards to test each other.



Record of progress and self-evaluation checklist


Use the grid below to record and evaluate your progress as you finish each of the Key Areas and try the practice assessments.
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Cell Biology



Key Area 1.1


Cell structure
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Key points




  1  A unicellular organism has one single cell. [image: ]



  2  A multicellular organism is made up of many cells. [image: ]



  3  The ultrastructure of a cell is its fine structure as revealed at high magnification. [image: ]



  4  The ultrastructure of an animal cell includes its cell membrane, nucleus, cytoplasm, mitochondria and ribosomes. [image: ]



  5  The ultrastructure of a plant cell includes its cell wall, cell membrane, nucleus, cytoplasm, sap vacuole, mitochondria and ribosomes. [image: ]



  6  Chloroplasts are present in green plant cells. [image: ]



  7  The ultrastructure of a fungal cell includes its cell wall, cell membrane, nucleus, cytoplasm, vacuole, mitochondria and ribosomes. [image: ]



  8  The ultrastructure of a bacterial cell includes its cell wall, cell membrane, cytoplasm, plasmids and ribosomes. [image: ]



  9  The nucleus contains genetic material (DNA) and controls cell activities. [image: ]




10  The cell membrane controls the entry and exit of substances into and out of the cell. [image: ]




11  Cell organelles, such as nuclei, mitochondria and chloroplasts, are compartments found in the cytoplasm and are the site of chemical reactions. [image: ]




12  Bacterial cells do not contain organelles. [image: ]




13  The cell wall is for support and shape and prevents plant cells from bursting. [image: ]




14  Plant cell walls are made of cellulose whereas those of fungal and bacterial cells are made of different materials and have different structure. [image: ]




15  The vacuole stores a watery solution of salts and sugars and helps to support cells. [image: ]




16  Chloroplasts contain chlorophyll and are the sites of photosynthesis. [image: ]




17  Mitochondria are the sites of aerobic respiration in cells. [image: ]




18  Ribosomes are the sites of protein synthesis in cells. [image: ]




19  In bacterial cells, plasmids hold some of the genetic material (DNA) of the cell. [image: ]




20  Cells can be magnified for study using a microscope. [image: ]




21  Bacterial cells can be cultured for study in shallow transparent containers called Petri dishes. [image: ]
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Summary notes


Living organisms and cells


The bodies of living organisms are made up of basic units called cells. Living organisms are either unicellular, with only one cell, or multicellular, with more than one cell.


Organisms can be divided into groups. These include animals, plants, fungi and bacteria.


Cell types


Animal cells are surrounded by a cell membrane and contain a nucleus, ribosomes and mitochondria.


Plant cells are usually bigger than other cells and are surrounded by a cellulose cell wall with a membrane inside. They contain a nucleus and cytoplasm with a large central vacuole, ribosomes and mitochondria. Green plant cells also have chloroplasts.


Fungal cells are surrounded by a cell wall with a membrane inside and contain a vacuole, a nucleus, ribosomes and mitochondria.


Bacterial cells are usually very much smaller than other cells and are surrounded by a cell wall with a membrane inside. Their cytoplasm contains plasmids and ribosomes, but no organelles. Bacteria can be cultured in the laboratory. Pure cultures of a single species of bacteria can be grown on nutrient-rich jelly in shallow transparent containers called Petri dishes.


Cell structure


The fine structure of cells, which can only be seen using a high-magnification microscope, is called ultrastructure. Ultrastructure includes organelles such as nuclei, mitochondria and chloroplasts. Other ultrastructure features such as ribosomes and plasmids are not organelles.


Some structures, such as ribosomes, are found in cells from all types of organism. Figure 1.1 shows the general structure of different cells.
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Hints & tips


For your exam it could be handy to remember that bacterial cells do not contain organelles. Bacterial cells are usually very much smaller than other cells.
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Functions of cell structures


The different structures present in cells have different functions in the life of the cell. The different functions are shown in the table below and some of these are covered in other Key Areas, as indicated.
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Note on cell walls


Cell walls are found in plant, fungal and bacterial cells. The cell walls from these different groups of living organism differ in their structure and in the chemical substances of which they are made. Plant cell walls are made of cellulose, whereas those of fungi and bacteria are varied in structure and chemical composition and do not contain cellulose.




[image: ]


Hints & tips


The cell walls of plant cells are made of cellulose but those of fungi and bacteria are made of different materials.
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Key words


Aerobic respiration – release of energy from food by a cell using oxygen


Bacterial cell – the tiny individual cell of a bacterium


Cell – the basic unit of life


Cell membrane – selectively permeable membrane enclosing the cell cytoplasm and controlling the entry and exit of materials


Cell wall – supports and prevents cells from bursting; plant, fungal and bacterial walls have different structures and chemical compositions


Cellulose – structural carbohydrate of which plant cell walls are made


Chloroplast – organelle containing chlorophyll; the site of photosynthesis


Cytoplasm – jelly-like liquid which contains cell organelles and is the site of many chemical reactions


DNA – deoxyribonucleic acid; substance in chromosomes that carries the genetic code of an organism


Fungal cell – individual cell of a fungus


Microscope – an instrument for magnifying objects such as cells for study


Mitochondrion – organelle that is the site of aerobic respiration and ATP production in cells (pl. mitochondria)


Multicellular – having many cells


Nucleus – organelle which controls cell activities and contains the genetic information of the organism (pl. nuclei)


Organelle – membrane-bound compartment with a specific function in animal, plant and fungal cells


Petri dish – shallow transparent container used for growing bacteria and carrying out other experiments


Photosynthesis – process carried out by green plants to make their own food using light energy


Plasmid – circular genetic material present in bacterial cells and used in genetic engineering or modification


Protein – substance composed of chains of amino acids and containing the elements carbon, hydrogen, oxygen and nitrogen


Ribosome – site of protein synthesis


Ultrastructure – fine structure and detail of a cell and its organelles revealed by an electron microscope


Unicellular – single-celled


Vacuole – membrane-bound sac containing cell sap in plant and fungal cells
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Questions


A Short-answer questions





1  Name two structures that are found in all cells.


(2)



2  Give two organelles found in animal, plant and fungal cells.


(2)



3  Name one structure found in bacterial cells only.


(1)



4  Describe how the cell walls of plant, fungal and bacterial cells are different.


(1)



5  Give the function of mitochondria.


(1)



6  Give the function of a chloroplast.


(1)



7  Give the function of a ribosome.


(1)



8  Describe the following cell structures:







    a)  a plant cell vacuole


    b)  a bacterial cell plasmid.


(2)





B Longer-answer questions





1  Describe the similarities and differences between an animal cell and a bacterial cell.


(5)



2  Describe the structure and function of plant cell walls.


(2)



3  Describe the similarities and differences in structure between a green plant cell and a bacterial cell.


(5)



4  Give one difference and one similarity between the structure of a fungal and a bacterial cell.


(2)
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Answers on page 25




Key Area 1.2


Transport across cell membranes
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Key points




  1  The cell membrane is composed of phospholipid and protein. [image: ]



  2  The cell membrane is selectively permeable. [image: ]



  3  A difference in concentration of a substance is a concentration gradient. [image: ]



  4  Passive transport of a substance does not require additional energy and describes the movement of its molecules down a concentration gradient from a higher concentration to a lower concentration. [image: ]



  5  Diffusion and osmosis are examples of passive transport processes. [image: ]



  6  Diffusion is the movement of substances down a concentration gradient from a higher concentration to a lower concentration. [image: ]



  7  Examples of substances that enter most cells by diffusion are oxygen, glucose and amino acids. [image: ]



  8  An example of a substance that leaves most cells by diffusion is carbon dioxide. [image: ]



  9  Diffusion is important to cells because it helps provide the cell with raw materials and helps to remove waste products. [image: ]




10  Osmosis is the movement of water molecules from a region of higher water concentration to a region of lower water concentration through a selectively permeable membrane. [image: ]




11  An animal cell placed in a solution with a water concentration higher than that inside the cell will take up water by osmosis and could burst. [image: ]




12  An animal cell placed in a solution with a lower water concentration than that inside the cell will lose water by osmosis and could shrink. [image: ]




13  A plant cell placed in a solution with a water concentration higher than that inside the cell will take up water by osmosis and become turgid. [image: ]




14  Turgid is the term used to describe a cell or tissue in which the vacuole has swollen due to water gain and presses the cytoplasm and cell membrane against the cell wall. [image: ]




15  A plant cell placed in a solution with a lower water concentration than that inside the cell will lose water by osmosis and become plasmolysed. [image: ]




16  Plasmolysed is the term used to describe a cell in which the vacuole has shrunk due to water loss, causing the cell membrane to pull away from the cell wall. [image: ]




17  Active transport is the movement of molecules from a region of low concentration to a region of higher concentration, against the concentration gradient. [image: ]




18  Active transport requires additional energy provided by ATP to allow membrane proteins to move molecules and ions against the concentration gradient. [image: ]
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Summary notes


Cell membrane structure


Cell membranes are at, or just inside, the boundaries of all cells. Membranes are extremely thin and are composed of phospholipid and protein molecules in a layered arrangement containing pores (Figure 1.2).
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Transport into and out of cells


The cells of a living organism exchange substances with each other and with their surroundings. This can happen in several ways including diffusion, osmosis and active transport. These terms all refer to the movement of molecules and involve concentration gradients, which are differences in concentration of these molecules between regions.




[image: ]


Hints & tips


There is more about the functions of proteins in Key Area 1.4 on page 14.
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Diffusion and osmosis are passive because they do not require input of additional energy but active transport is active because of the additional energy it requires.


Diffusion


Diffusion is the passive movement of molecules down a concentration gradient from a region of higher concentration to a region of lower concentration. It continues until the molecules are spread out evenly. In living cells diffusion often occurs through membranes (Figure 1.3).




[image: ]




A good example of diffusion in action is the exchange of gases in the lungs of a mammal. Oxygen molecules move from a region of higher concentration in the lungs to a region of lower concentration in the red blood cells (Figure 1.4). Carbon dioxide moves by diffusion in the opposite direction. Diffusion is also the method of absorption of glucose and amino acids through the small intestine of a mammal.




[image: ]


Hints & tips


There is more about gas exchange in the lungs and absorption of nutrients in the small intestine in Key Area 2.7 on page 72.
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Hints & tips


Glucose and Oxygen enter cells by diffusion where they are involved in Respiration to release Energy.


Remember: GORE!
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Osmosis


Osmosis is a special kind of diffusion. It is the passive movement of water molecules down a concentration gradient from a region of higher water concentration to a region of lower water concentration. Water movement by osmosis is always through a selectively permeable membrane (Figure 1.5).




[image: ]


Hints & tips


There is more about respiration in Key Area 1.6 on page 21.
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A good example of osmosis in action is the uptake of water into the root cells of plants. When the soil is moist after rain, the soil water concentration is higher than that of plant root cells. Water therefore passes from higher concentration in the soil to lower concentration in the root cells by osmosis.




[image: ]


Hints & tips


There is more about osmosis in plant roots in Key Area 2.5 on page 60.
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Active transport


Active transport is the movement of molecules or ions from a region of lower concentration to a region of higher concentration. Active transport requires energy for membrane proteins to move molecules or ions against the concentration gradient.


In some cases it is essential that cells with a high concentration of a substance receive more of that substance from areas where the substance is at a lower concentration. A good example of this is found in certain unicellular freshwater plants such as Nitella. The cells of this plant require potassium ions from their environment to survive. However, potassium ion concentrations in freshwater are very low. Nitella cells use energy from their respiration process to take up potassium ions from low concentrations in freshwater to the higher concentrations that must be maintained in their cells. The energy goes to the cell membrane proteins, which carry the ions through the membranes from outside to inside (Figure 1.6).
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Animal cells and water


The results of placing animal cells in solutions of different water concentration can be shown using red blood cells (Figure 1.7). If animal cells are placed in a solution with a water concentration higher than the cell contents, water is taken in by osmosis and the cells will burst. If placed in a solution of lower water concentration than the cell contents, water will be lost by osmosis and the cell will shrink.




[image: ]





Plant cells and water


The results of placing plant cells in solutions of different water concentration are shown in Figure 1.8. If plant cells are immersed in a solution with a water concentration higher than the cell contents, they will take up water by osmosis and their vacuoles will fill. Further intake of water is prevented because vacuole size is limited by the presence of the cell wall. Plant cells that have full vacuoles are said to be turgid; this is the normal state for a plant cell. Plant cells immersed in a solution with a lower water concentration than the cell contents lose water by osmosis and their vacuoles shrink and eventually pull the cell membrane and cytoplasm away from the cell walls of the cell. This is not desirable for the plant and may actually kill it. Cells with membranes pulled away from their walls are said to be plasmolysed.




[image: ]


Hints & tips


Remember that diffusion and osmosis are passive processes; they do not need extra energy. Osmosis is a type of diffusion but always involves water passing through a membrane. For your exam you must remember that active transport requires energy.
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Hints & tips


To take up substances against a Concentration gradient, cells use Oxygen for Respiration to release Energy for the process of active transport.


Remember: CORE
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Key words


Active transport – transport of molecules against their concentration gradient


Concentration gradient – difference in concentration between two solutions, cells or solutions and cells


Diffusion – passive movement of molecules from an area of high concentration to an area of lower concentration


Osmosis – movement of water molecules from an area of high water concentration to an area of lower water concentration through a selectively permeable membrane


Passive transport – movement of molecules down a concentration gradient without the need for additional energy, e.g. diffusion and osmosis


Phospholipid – fat or oil with molecules composed of fatty acids and glycerol


Plasmolysed – description of a plant cell in which the vacuole has shrunk and the membrane has pulled away from the wall due to water loss


Selectively permeable – refers to a membrane that controls the movement of certain molecules depending on their size


Turgid – description of a swollen plant cell with a full vacuole resulting from water intake due to osmosis
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Questions


A Short-answer questions




  1  Name two substances present in cell membranes.


(2)


  2  State a feature of the cell membrane which allows the movement of only certain substances into the cell.


(1)


  3  Describe what is meant by a concentration gradient.


(1)


  4  Give one passive process by which substances can pass through membranes.


(1)


  5  Describe the process of diffusion.


(2)


  6  State the name given to the movement of water from an area of high water concentration to an area of lower water concentration through a selectively permeable membrane.


(1)


  7  State two differences between osmosis and diffusion.


(2)


  8  Describe the process of active transport.


(2)


  9  Give one example of a situation in which cells use active transport.


(1)



10  State one difference between active and passive transport.


(1)



11  Give the meanings of the following terms:







      a)  turgid


      b)  plasmolysed.


(2)








12  In terms of water concentration, explain how water movements account for a plant cell becoming turgid.


(1)



13  In terms of water concentration, explain how water movements account for a plant cell becoming plasmolysed.


(1)



14  Describe two features of a plasmolysed plant cell.


(2)





B Longer-answer questions




  1  Explain the importance of diffusion in multicellular organisms.


(3)


  2  Describe the role of protein molecules in osmosis and in active transport.


(2)


  3  Explain what would happen to a piece of potato tissue placed into a beaker of pure water for 2 hours.


(3)


  4  Explain why immersing a single animal cell in sea water might kill it.


(3)
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Answers on page 25




Key Area 1.3


DNA and the production of proteins
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Key points




  1  The nucleus of living cells contains genetic information organised into chromosomes. [image: ]



  2  Chromosomes are made up of sections called genes. [image: ]



  3  DNA is a complex substance that forms the genes of all living organisms. [image: ]



  4  DNA carries the genetic information, which is information for making proteins. [image: ]



  5  A single DNA molecule is a double-stranded helix. [image: ]



  6  Each strand of DNA is a chain carrying molecules called bases. [image: ]



  7  There are four different types of base known as adenine (A), thymine (T), guanine (G) and cytosine (C). [image: ]



  8  The strands of the DNA helix are held by bonds between bases on each strand. [image: ]



  9  The bases bond together to form complementary base pairs. [image: ]




10  Base A only pairs with T and base G only pairs with C. [image: ]




11  The sequence of bases A, T, G and C make up the genetic code. [image: ]




12  The base sequence of a specific gene determines the amino acid sequence in the specific protein to be assembled. [image: ]




13  Proteins are assembled at ribosomes in the cell cytoplasm. [image: ]




14  Messenger RNA (mRNA) is a molecule that carries a complementary copy of the code from the DNA in the nucleus to a ribosome in the cytoplasm where the protein is assembled from amino acids. [image: ]
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Summary notes


Structure of DNA


Genes are made from deoxyribonucleic acid (DNA) molecules. DNA is a substance with large, complex molecules. These molecules carry the genetic information of a cell coded into them. Each DNA molecule is in the shape of a double-stranded helix, as shown in Figure 1.9. Each strand carries chemical units called bases of which there are four different types. The bases are known by the upper-case first letters of their chemical names: Adenine, Thymine, Guanine and Cytosine.


The two strands of the DNA molecule are held together by bonds between bases on each strand. A on one strand always pairs with T on the other strand; G on one strand always pairs with C on the other strand. These bases are said to be complementary to each other: A with T and G with C. Figure 1.10 shows details of the complementary base pairing in DNA.




[image: ]


Hints & tips


Remember to use the term ‘complementary’ when talking about the base pairs. It means a perfect match.
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Genetic code


The genetic code of a cell allows it to make the specific proteins it needs. Each gene has a code for a different protein. Different species have different genes and so are able to make different proteins.
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Hints & tips


Remember this flow diagram: the order of bases in the DNA → determines the order of bases in the mRNA → which determines the order of the amino acids in the protein.


[image: ]





Each type of protein is made up from a chain of amino acids in an order determined by the genetic code. It is the sequence of bases along one strand of a DNA molecule that encodes its genetic information.
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Nucleus

Contains genetic information (DNA) in animal,
plant and fungal cells and so controls cell activities
(see Key Areas 13 and 14 on pages 11and 14)

Plasmid

A small ring of genetic material in a bacterial cell

Cell membrane

A selectively permeable membrane that controls
entry and exit of substances such as O,, CO,,
glucose and waste to and from all cells (see Key
Area 12 on page 5)

Cytoplasm

Watery, jelly-like material within cells containing
organelles that are the sites of various chemical
reactions

Cell wall

The outer layer of plant, fungal and bacterial cells,
which helps support the cell

Vacuole

Membrane-bound sac that stores a solution of
water, salts and sugars and helps support plant and
fungal cells

Chloroplast

Makes carbohydrate in green plant cells using light
energy in the process of photosynthesis (see Key
Area 33 on page 99)

Mitochondrion

Main site of ATP production in aerobic respiration
in animal, plant and fungal cells (see Key Area 1.6
on page 21)

Ribosome

Site of protein synthesis in cells (see Key Area 1.3 on
page 11)
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