SNAB Topic 3 Teaching scheme


Topic 3 Voice of the genome
This teaching scheme is divided into three parts.

· Introduction.

· Road map: a suggested route through Topic 3. 

· Guidance notes for teachers and lecturers. These include a commentary running in parallel with the student book, with hints and tips on teaching and references to the associated activities.

There are more detailed notes about individual activities in the teacher/lecturer sheets accompanying most activities. 

Introduction
The Road map starting on page 2 is a suggested route through Topic 3.

The learning outcomes are numbered as in the specification.

If two teachers/lecturers are sharing a group for Topic 3, the first could start at Session 1 with the second starting at Session 13. Both would then work through the remainder of the topic in order. 

It is assumed that each session is approximately an hour in length. There are more activities than can be done in the time available in most centres, so select a balanced collection according to your and your students’ interests, and the time and resources available. Some activities are labelled ‘Core’. Core activities contain experimental techniques included in the specification, and may appear in questions on the unit exam for this topic. These learning outcomes are in bold in the specification, and in the Road map below. They are underlined in the Guidance notes below. In the Road map, activities are in italics if there is an additional activity covering the same material more directly. Choose which activities students complete, and substitute your own activities as appropriate.

The Core practicals, and any other practicals completed by students, can be used to verify practical biological skills as part of the Unit 3 coursework assessment.  

There are various activities – particularly the interactive tutorials associated with some of the activities – which could be completed by students outside of class time. These activities are shown in the lower half of each ‘Possible activities’ box. 

There is an AS summary chart at the end of the guidance notes. This shows where concepts are introduced and revisited in later topics.
Road Map: a suggested route through Topic 3 Voice of the genome

	Session 
	Areas to be covered 
	Possible activities 

	1
	Introduction to the topic
	Introductory presentation (Interactive)



	
	
	GCSE review (Interactive)

	2
	Ultrastructure of eukaryotic cells

3 Describe the ultrastructure of an animal (eukaryotic) cell (nucleus, nucleolus, ribosomes, rough and smooth endoplasmic reticulum, mitochondria, centrioles, lysosomes, and Golgi apparatus) and recognise these organelles from EM images.


	Activity 3.1 Cell structure and function (A3.01L) (Interactive)

	3
	Eukaryotic and prokaryotic cells

2 Distinguish between eukaryotic and prokaryotic cells in terms of their structure and ultrastructure.


	Checkpoint question 3.1

	4
	The dynamic nature of cells illustrated by the role of rough endoplasmic reticulum and the Golgi apparatus 

4 Explain the role of the rough endoplasmic reticulum (rER) and the Golgi apparatus in protein transport within cells and including its role in formation of extracellular enzymes.


	Activity 3.2 Protein transport within the cell (A3.02L) (Interactive)

	5
	Gamete structure and function

9 Explain how mammalian gametes are specialised for their functions.

	Activity 3.4 Fertilisation in a marine worm (A3.04L) (Practical)

	
	
	Activity 3.3 Gametes and fertilisation (A3.03L) (Interactive)

Checkpoint question 3.2

	6
	Gamete formation and fertilisation

10 Describe the process of fertilisation in mammals and flowering plants (starting with the acrosome reaction in mammals and pollen tube growth in plants and ending with the fusion of the nuclei) and explain the importance of fertilisation in sexual reproduction. 

8 Explain the role of meiosis in the production of gametes and genetic variation through recombination of alleles and genes including independent assortment and crossing over (details of the stages of meiosis are not required). 


	Activity 3.5 Chromosome assortment (A3.05L) 



	7
	Fertilisation in flowering plants

10 Describe the process of fertilisation in mammals and flowering plants (starting with the acrosome reaction in mammals and pollen tube growth in plants, and ending with the fusion of the nuclei), and explain the importance of fertilisation in sexual reproduction.


	Activity 3.6 Observing pollen tube growth (A3.06L) (Practical)



	8/9
	The cell cycle 

6 Explain the role of mitosis and the cell cycle for growth and asexual reproduction.


	Annotation of cell cycle diagram

Activity 3.7 Mitosis flick book  (A3.07L) 



	
	
	Activity 3.8 The cell cycle (A3.08L) (Interactive)

	10
	The stages of mitosis 

7 Describe the stages of mitosis and how to prepare and stain a root tip squash in order to observe them practically.


	Activity 3.9 Observing mitosis (Core) (A3.09L) (Practical)



	
	
	Activity 3.10 Mitosis cell count in an onion root tip (A3.10L) (Interactive)

Checkpoint question 3.4

	11
	Totipotency

12 Describe how totipotency can be demonstrated practically using plant tissue culture techniques.

	Activity 3.11 Plant tissue culture (Core) (A3.11L) (Practical) 

	
	
	Checkpoint question 3.5

	12
	Stem cell research 

11 Explain what is meant by the terms stem cell, pluripotency and totipotency, and discuss the way society uses scientific knowledge to make decisions about the use of stem cells in medical therapies (eg regulatory authorities relating to human embryo research, ability of stem cells to develop into specialised tissues, potential sources of stem cells, who could benefit from the therapies, procedures to obtain stem cells and their risks).


	Activity 3.12 Ethical concerns about stem cell research (A3.12L)



	13
	The role of the nucleus in the control of development 

13 Explain how cells become specialised through differential gene expression, producing active mRNA leading to synthesis of proteins. which in turn control cell processes or determine cell structure in animals and plants (details of transcription factors are not required at AS).

	Activity 3.13 Acetabularia experiments (A3.13L) (Interactive) 



	14
	Differential gene expression

13 Explain how cells become specialised through differential gene expression, producing active mRNA leading to synthesis of proteins which in turn control cell processes or determine cell structure in animals and plants (details of transcription factors are not required at AS).

	Activity 3.14 Induction of (-galactosidase (A3.14L) (Practical)



	15


	Cellular organisation 

5 Describe how the cells of multicellular organisms can be organised into tissues, tissues into organs and organs into systems.

13 Explain how cells become specialised through differential gene expression, producing active mRNA leading to synthesis of proteins which in turn control cell processes or determine cell structure in animals and plants (details of transcription factors are not required at AS).


	

	
	
	Checkpoint question 3.6

	16
	Differential gene expression

13 Explain how cells become specialised through differential gene expression, producing active mRNA leading to synthesis of proteins which in turn control cell processes or determine cell structure in animals and plants (details of transcription factors are not required at AS).

	Activity 3.15 Modelling flowers (A3.15L)



	17
	15 Explain how some phenotypes are affected by alleles at many loci (polygenic inheritance) as well as the environment (eg height) and how this can give rise to phenotypes that show continuous variation.


	Activity 3.16 Polygenic inheritance (A3.16L)



	18
	How phenotype is a result of genotype and environment – human height 

14 Explain how phenotype is the result of an interaction between genotype and the environment (eg animal hair colour, human height, monoamine oxidase A (MAOA) and cancers), but the data on the relative contributions of genes and environment is often difficult to interpret.


	Activity 3.17 Are we still getting taller? (A3.17L) (Interactive, Practical)

66

	19
	How phenotype is a result of genotype and environment – hair colour 

14 Explain how phenotype is the result of an interaction between genotype and the environment (eg animal hair colour, human height, monoamine oxidase A (MAOA) and cancers), but the data on the relative contributions of genes and environment is often difficult to interpret.


	Activity 3.18 Genes or the environment (A3.18L)



	
	How phenotype is a result of genotype and environment - monoamine oxidase A (MAOA) and cancers
14 Explain how phenotype is the result of an interaction between genotype and the environment (eg animal hair colour, human height, monoamine oxidase A (MAOA) and cancers), but the data on the relative contributions of genes and environment is often difficult to interpret.


	Activity 3.18 Genes or the environment (A3.18L)


Guidance notes for teachers and lecturers

Introduction and GCSE review

The theme of Topic 3 is the development of a complex multicellular organism from a single fertilised cell. The embryo photograph on the opening spread is a mouse embryo. The emphasis is not on the detail of changes that occur within the embryo as it develops. The focus of the topic is directed towards the role of genes; this is reflected in the topic title. Several examples of this interaction of genes and the environment are considered later in the topic. Much research effort is now focused on the cell at the genetic level, with the aim of understanding how both development and cell function are influenced by the environment. Using the development story, the ethical debate about the use of embryonic stem cells is considered. 

In the student book there is a reference to the initial GCSE review and GCSE review test for Topic 3. These cover cell structure, basic cell division, gametes, fertilisation, and characteristics which may be influenced by genes and the environment. 

3.1 In the beginning 

The topic starts with the beginning of the development story, an egg and sperm. But first students consider basic cell structure. A Key biological principle box poses the question ‘Are all cells basically the same?’ and considers the ultrastructure of prokaryotic and eukaryotic cells.

For examination purposes, students have to be able to describe the ultrastructure of a typical eukaryotic cell. They must also be able to distinguish between the structure and ultrastructures of eukaryotic and prokaryotic cells. It is assumed that ‘structure’ refers to ‘gross structures’ which can be seen easily with a light microscope, for example, for a prokaryote: cell wall, flagellum, or no nucleus. ‘Ultrastructure’ would be detail seen with an electron microscope such as plasmids, no mitochondria or other organelles. 

This topic concentrates on animal cells; the structure of plant cells is covered in Topic 4. 

Activity 3.1 Cell structure and function (A3.01L)

The interactive cell provides a three-dimensional cell that can be explored by students. The structure and function of individual organelles within the cell can be investigated. This activity uses the interactive cell to investigate the relationship between the three-dimensional structures of organelles and their functions. A worksheet is available for completion by students; this could be completed using the 3D image (Figure 3.8) in the student book. Students also need to be able to recognise the organelles on electron micrograph images.

The interactive cell and the sheet associated with Activity 3.1 do not consider the structure and ultrastructure of prokaryotes. However, having completed Activity 3.1, a comparison between the two cell types could be set as an additional activity using Checkpoint question 3.1. The answers to Checkpoint questions can be found on the snabonline website. These are only accessible to teachers/lecturers. 

The University of Arizona Biology project website has an excellent section on cell biology, covering cell ultrastructure, the differences between prokaryotes, eukaryotes and viruses, and the cell cycle. See the weblinks for Activity 3.1. 

The cell is not a static entity and movement of proteins through the cell illustrates the dynamic nature of the cell and its organelles. This is often known as protein trafficking. 

Activity 3.2 Protein transport within cells (A3.02L)

In this interactive activity, students have to work out the route of a digestive enzyme from creation on the ribosomes to release from the cell by exocytosis from a lysosome. They annotate a diagram on the activity sheet as they progress through the activity. This sheet can also be done using the diagram and description in the student book. The student needs to be able to explain the roles of the rough endoplasmic reticulum (rER), and the Golgi apparatus in protein transport within cells including its role in formation of extracellular enzymes.
The student book goes on to explain how mammalian gametes are specialised for their functions. Students also need to be able to explain what is happening in the acrosome reaction; gametes and fertilisation are both covered in the student book and Activity 3.3. Gametogenesis is not required. Students may well be familiar with gamete structure from GCSE, so a quick quiz based on Checkpoint question 3.2 could be used to check students’ prior knowledge. 

Activity 3.3 Gametes and fertilisation (A3.03L)

This activity relates the structures of gametes to their functions. An animation within the activity shows the acrosome reaction and fertilisation. The activity sheet can be completed out of class, using the interactive tutorial or student book. 

Activity 3.4 Fertilisation in a marine worm (A3.04L) 

This activity on fertilisation of marine worms is an optional opportunity to use living organisms and see fertilisation happening. There are ethical issues since most worms die. A video clip is an alternative. The Stanford University Sea Urchin website includes animations of fertilisation and development of sea urchins. 

The student book briefly identifies plant gametes before going on to consider how gamete cells are unusual. Students must be able to explain the importance of fertilisation in sexual reproduction. They should be able to explain how meiosis results in the halving of chromosome numbers and introduces variation through random assortment, chiasmata formation and crossing over. Stages and names of meiosis are not required and so are not included in the student book or in Activity 3.5. The focus is very much on meiosis as a reduction division and the different ways in which it introduces variation. Checkpoint question 3 requires students to produce a concept map or table summarising how genetic variation is generated.

Activity 3.5 Chromosome assortment (A3.05L) 

This activity provides a visual demonstration of what happens during meiosis to achieve random assortment and reduction in chromosome numbers. 

The student book goes on to consider fertilisation in flowering plants. Fertilisation in flowering plants could be covered when plant gametes are identified after mammalian gametes and fertilisation at the start of the topic. However, returning to plant fertilisation here provides a link to the next section. 

Activity 3.6 Observing pollen tube growth (A3.06L) 

Students observe the growth of pollen tubes for themselves, or view a video clip. 

3.2 From one to many: the cell cycle

The diploid cell formed at fertilisation is the starting point for a complex multicellular organism. The single fertilised egg must divide – the larger the organism the more divisions. The cell cycle, mitosis and cytoplasmic division are covered using a range of different activities.

Students could annotate a diagram of the cell cycle without labels before looking in detail at mitosis. The media archive in the web resources contains the cell cycle figure from the student book. A simpler version like Figure 1 could be used. 
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Figure 1 The cell cycle.

Activity 3.7 Mitosis flick book (A3.07L) 

The mitosis flick book is a novel way to start the teaching of mitosis. It gets students thinking through what is happening during mitosis, and helps them work out the stages for themselves, before they complete the web-based activity and look at slides of root tip squashes. Numbering the cards after they have been ordered will help the group to discuss the stages, in particular the points at which one stage ends and another begins. But the numbers must be taken off the cards before the next group uses them. 

Activity 3.8 The cell cycle (A3.08L)

This interactive activity covers the whole cell cycle, including a detailed animation of mitosis. In the opening section of the activity the events of the cycle must be selected in the correct order to move the cell clock forward. Students need to have read or at least referred to the student book to be familiar with the terms to enable them to complete this activity. If the activity is completed outside of the classroom, the activity worksheet can be used in the following lesson to check learning. 

Activity 3.9 Observing mitosis (A3.09L) Core practical

The mitosis root squash is a core practical within the specification. Students need to be able to describe how the stages of mitosis can be observed practically. If the squashes produced by students are poor they can use commercially prepared slides. The cell counts can be used in the next activity. If students do Activity 3.10 they need not complete the questions on Activity sheet 3.9 referring to the length of each stage. 

Activity 3.10 Mitosis cell count in an onion root tip (A3.10L)

In the first part of the web-based activity, students count the number of cells in each phase of mitosis. Successful completion of the counting activity will confirm that students can allocate images of cells to the appropriate stage of mitosis. These results, or those obtained in Activity 3.9, are manipulated using a spreadsheet in the second part of the activity. The Excel tutorial within the activity provides detailed help. When the spreadsheet is opened it contains sample data; these can be used to practise doing the calculations.

Checkpoint question 3.4 would make a good revision activity; students draw annotated cells showing each stage in mitosis.

The importance of mitosis in growth, repair and asexual reproduction is covered in a Key biological principle box in the student book. The answer to Q3.13 provides a summary of the differences between asexual and sexual reproduction. Students could be asked to find an example of an animal or plant that reproduces by asexual reproduction. Alternatively a competition could be held: who can name the greatest number of animals and plants that reproduce asexually?

There are excellent video clips of mitosis on the Internet including some on YouTube. The cytographic website has high quality clips of tadpole development. A link to the site can be found in the weblinks for Activity 3.8; click on gallery to find the clips. 

Early embryonic development – stem cells

The first divisions of the early embryo produce a group of totipotent cells. Students must be able to explain what is meant by totiopotency and pluripotency. The formation of the blastocyst is referred to. Students are not required to know the stages of development. There is no requirement for students to learn the fate of the different cell layers within the blastocysts, or the processes of gastrulation (the rearrangement of cell layers and the formation of the gut) and segmentation. For the enthusiast, fate maps and the movement of cells during gastrulation in the frog are covered in the old Nuffield Biology Practical Guide 6: Development, control, and integration. 
Activity 3.11 Plant tissue culture (A3.11L)

This activity allows students to use plant tissue culture to demonstrate totipotency of plant cells. 

The student book discusses the sources of stem cells and their potential uses. The role of the regulatory authorities is also covered.  
The Medical Research Council update on stem cells and therapeutic cloning is very similar to this section of the student book; Michael Reiss wrote both. Students could use the online version with interactive questions, available on the ‘School science’ website (see the weblinks for Activity 3.10 and follow the biology 16-18 link). This would provide a good preparation for Activity 3.10.

Activity 3.12 Ethical concerns about stem cell research (A3.12L)

This activity focuses on the ethical concerns relating to the use of stem cells in medicine. There are two parts to this activity: a survey of peoples’ views and a debate. There are several useful websites where further information about this issue can be obtained; including the BEEP (British Ethics Education Project) website; see the weblinks accompanying this activity. 

3.3 How is development controlled?

This section is concerned with the role of genes in producing specialised cells. It starts by confirming the role of the nucleus in the control of development. 

Activity 3.13 Acetabularia experiments (A3.13L) 

The pivotal role of the nucleus in the control of development is demonstrated by considering the results of Hammerling’s Acetabularia experiments. This interactive tutorial allows students to work through a simulation of the experiments for themselves and answer the questions on the student sheet. The student sheet summarises the experiments and could be completed without access to the web activity. This is a challenging activity aiming to help students think about what can be deduced from the experimental results. Students would benefit from working in groups with teacher/lecturer support. Some students may struggle if only given the activity sheet and asked to complete it independently. 

The idea of the nucleus containing all the information is also demonstrated by the cloning of animals. Figure 3.36 in the student book contains information about the cloning of Dolly the sheep; Q3.15 is linked to these ideas.

The Did you know? box ‘Problems with cloning’ raises some of the difficulties with the technique. It might be valuable for students to explore any current developments in cloning. The formation of hybrid embryos might also be raised. This issue raises a wide range of ethical questions for debate. There is no learning outcome related to this issue in the specification, but it relates to the sources and use of stem cells. 

Extension 3.4 (X3.04S) on the development of zebrafish provides visual images of development. Instructions for breeding and viewing the development of zebrafish are given in the activity sheets. Alternatively, the general weblinks for Topic 3 have several websites which explore both zebrafish and human development. .

Different genes are expressed

The student book goes on to consider cell specialisation as a consequence of the proteins synthesised in a cell – this is determined by the genes expressed in the cell. This is illustrated by various examples. The key idea is the transcription of a specific set of genes within the specialised cell, producing active mRNA and leading to the synthesis of proteins. The detail of the successful formation of a transcription initiation complex is not required. The attachment of RNA polymerase to DNA to allow transcription is shown in the student book. There is a reference to regulator proteins, but this is not a specification requirement. The idea of transcription factors, signal proteins and the initiation complex is revisited in the A2 course. 

Activity 3.14 Induction of (-galactosidase (A3.14L)

This activity is a practical showing how the gene for (-galactosidase in E. coli can be switched on by the presence of a substrate for the enzyme. The formation of a yellow colour within the nutrient broth shows that the galactose-based substrate has been broken down. In the student book a diagram illustrates the control of the (-galactosidase gene; there is no requirement for further detail of the lactose operon. The aim is to show that producing active mRNA leads to synthesis of proteins which in turn control cell processes. 

The inherited disease Fibrodysplasia Ossificans Progressive (FOP) case study demonstrates how cells are structurally specialised by synthesis of specific proteins. There is reference in the student book to signal proteins. But the key idea is that in FOP is a gene mutation which causes muscle and connective tissue cells to produce bone, as a result of producing mRNA for bone proteins.  

The section goes on to consider how cells are organised into tissues, organs and organ systems, by specialised cells expressing genes for specific recognition proteins on their cell surface membranes, allowing the cells to bind. This applies the idea that cell specialisation is a consequence of the proteins synthesised in a cell. 

The rest of this section applies the idea of differential gene expression to control of the development of the shape and structures of organisms. The idea that genes are switched on under the influence of chemical signals is referred to. But the key idea is that all the structures, processes and development of an organism are the result of proteins which are manufactured in the individual cells of the body. 

Activity 3.15 Modelling flowers (A3.15L)

Students construct models of flowers with mutations in the ABC genes. This will illustrate how the expression of these genes results in specialisation of the cells to form the different parts of the flower. 

3.4 Genes and environment

This section starts by describing causes of differences in phenotype with discontinuous and continuous variation described. A Key Biological principles box on polygenic inheritance explains how several genes can be involved in the inheritance of a characteristic.

Activity 3.16 Polgenic inheritance (A3.16L)

This activity works through an example of polygenic inheritance, and poses questions in which students apply the ideas. 

 The remainder of the section is about how genes and the environment interact to produce an organism’s phenotype. Four examples are considered: animal hair colour, human height, monoamine oxidase A (MAOA), and cancers. 

Activity 3.17 Are we still getting taller? (A3.17L)

In the student book and on the activity sheet the idea that some human populations have got taller over time is presented with data on the estimated increases. The student book encourages students to think about possible causes, and provides some possible answers. The idea is to suggest that both genes and the environment affect height. The activity allows students to undertake a height survey to determine if heights of A level biologists are increasing. The activity can introduce this section of the topic, and students can gain experience of manipulating data in a spreadsheet. Some statistical tests are used in the activity; the How Science Works criteria in the specification require students to be able to calculate standard deviation. 

Activity 3.18 Genes or the environment (A3.18L)

This activity gives details of research into the link between the genotype for monamine oxidase, mistreatment in childhood, and antisocial behaviour later in life.  

The role of genes and the environment on cancer are described in the student book. The book develops the theory that genes produce proteins which help control the cell cycle, and that mutations in these genes can cause the uncontrolled cell division which occurs in a cancer. Such mutations may be inherited, or may be the result of environmental causes. The extension goes into detail on the control of the cell cycle. This may help the student understand what is going on, but is not required detail for examination purposes. 

Activity 3.19 Check your notes

Students can use the checklist of learning outcomes in this activity in their revision. 

End-of-topic tests

There is an online interactive end-of-topic test. This test is not accessible to students initially unless set by their teacher/lecturer. The teacher has the option to ‘flick a switch’ to make it open access. There is also a paper-based test for Topic 3 with examination-style questions on the teacher’s and technician’s sites. A mark scheme is also available on these sites. The questions are similar in layout and style to those on exam papers. However, the restriction of questions to only one topic in each test means that questions which draw on material from different topics are not included.

AS Summary chart 

The grid below shows where concepts are introduced and then revisited in later topics.

Note: Some of these concepts will be revisited and built on in A2.
	Concept
	Topic 1
	Topic 2
	Topic 3
	Topic 4

	Biological molecules 

(monomers combine to form polymers)
	· Carbohydrate structures and roles in providing and storing energy (not cellulose) 

· Lipid structures


	· Phospholipids

· Protein structures

· Structures of DNA and RNA 


	 

 

 


	· Starch and cellulose structures and functions

 

 

	Enzymes 
	
	· Enzyme structure and mechanism of action

· Effect of enzyme concentration on rate of reaction 
	· Role of ER and Golgi apparatus in formation of extracellular enzymes
	

	Chemical reactions
	· Condensation and hydrolysis reactions 

· Antioxidants and radicals
	· Condensation reactions

· Hydrophobic and hydrophilic effects 
	
	· Condensation reactions



	Cell structure
	
	· Unit membrane structure
	· Prokaryotic and typical eukaryotic (animal) cell structure and ultrastructure

· Role of ER and Golgi apparatus in protein transport

· Gamete structures and functions

· Stem cells

· Cell specialisation and organisation into tissues, organs and organ systems
	· Recall typical ultrastructure of animal cell and compare with plant cell ultrastructure

· Xylem and sclerenchyma structure and function

	Genes help determine the nature of organisms 
	
	· Roles of DNA and RNA 

· Genetic code 

· Protein synthesis 

· DNA replication and mutations 
	· Cell specialisation through differential gene expression
	· Genetic diversity

	Cell cycle
	
	
	· DNA replication and cell and nuclear division

· Role of mitosis and cell cycle for growth and asexual reproduction 

· Differentiation and the role of stem cells
	

	Energy
	· Energy units, energy balance
	· Role of ATP in active transport
	
	

	Transport in and out of cells
	
	· Passive transport, diffusion, facilitated diffusion, osmosis, active transport, exocytosis and endocytosis
	· Protein transport 
	· Diffusion and osmosis

	Transport in organisms to and from exchange surfaces 
	· Mass transport 

· Structure and function of the circulatory system

· Solvent properties of water 
	
	
	· Mass transport of waters and minerals through plant stems

	Organisms exchange materials with the environment
	
	· Surface area to volume ratio

· Properties of gas exchange surfaces 
	
	

	Inheritance
	· Genetic risk factors for CVD

· Interaction of genotype and the environment on development of CVD
	· Monohybrid inheritance
	· Importance of meiosis and fertilisation in sexual reproduction

· Role of meiosis in production of genetic variation, including independent assortment and crossing over

· Some characteristics are affected by genotype and the environment 

· Polygenic inheritance

· Discontinuous and continuous variation 
	· Genetic variation (loss and conservation) 

	Gene technology
	· Gene therapy
	· Gene therapy

· Genetic screening and embryo testing 
	
	

	Evolution and natural selection
	
	
	· Importance of meiosis and fertilisation in sexual reproduction

· Introduction of genetic variation through random assortment (stages of meiosis and chiasmata formation are not required)

· Some characteristics affected by genotype and the environment
	· Adaptation

· Evolution by natural selection 

	Classification
	
	
	· Prokaryotes and eukaryotes
	· The concept of species

· Taxonomic groupings

	Interactions with the environment
	· Effect of environment on CVD risk
	
	· Some characteristics are affected by genotype and the environment
	· Biodiversity 

· Endemism 

· Concept of Niche 

· Adaptations of organisms

· Sustainable resource utilisation

· Microbial properties of plants importance of water and mineral ions to plants 

	Energy flow and recycling of materials in ecosystems 
	
	
	
	· Sustainable resource utilisation 



	Coordination
	· Diabetes
	· Endocrine and exocrine hormones introduced
	· Melanocyte stimulating hormone (MSH)
	

	Risk and perception
	· Concept of risk, risk perception, risk factors for CVD, reducing risk of CVD
	· Genetic risk factors
	· Risk factors for cancer
	

	Maths/science skills
	· Calculating probabilities, correlation and causation, calculating obesity indicators, analysis of quantitative health data 
	· Calculating surface area to volume ratios
	· Continuous/discontinuous variation
	· The nature of theories, scientific consensus and evidence

· Critical evaluation of new data 

· Ecological sampling 

· Measurement of biodiversity and genetic diversity

	Health and Disease
	· CVD (CHD and stroke)

· Cancer

· Atherosclerosis

· Blood clotting

· Evaluate design of health studies 
	· Cystic fibrosis, (briefly) sickle cell and thalassaemia, PKU, achondroplasia, Huntington’s disease) 
	· Cancer
	· Drug development 

	Ethics
	· Experimental use of invertebrates 
	· Ethical frameworks

· Genetic screening
	· Stem cells


	 

	Applications of biology
	· Sphygmomanometers / blood pressure monitors

· Use of scientific knowledge to reduce health risk
	· Genetic testing / screening

· Gene therapy


	· Use of stem cells for research


	· Use of plant fibres

· Use of plant starch and oils

· Drug development 

· Role of zoos and seedbanks
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