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Introduction

OCR involves teachers in the development of new support materials to capture current teaching practices tailored to our new specifications. These support materials are designed to inspire teachers and facilitate different ideas and teaching practices.  Each Scheme of Work and set of sample Lesson Plans is provided in Word format – so that you can use it as a foundation to build upon and amend the content to suit your teaching style and students’ needs.

The Scheme of Work and sample Lesson plans provide examples of how to teach this unit and the teaching hours are suggestions only. Some or all of it may be applicable to your teaching. 
The Specification is the document on which assessment is based and specifies what content and skills need to be covered in delivering the course. At all times, therefore, this Support Material booklet should be read in conjunction with the Specification. If clarification on a particular point is sought then that clarification should be found in the Specification itself.  References to the content statements for each lesson are given in the ‘Points to note’ column.
Sample Scheme of Work

GCSE 21st Century Science Biology A J243
Module B5: Growth and development
Lesson 1: Multicellular organisms
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Learning objectives:

Define the term specialist cell.
Recall that tissues are made of groups of specialist cells.
Recall that organs are made of groups of tissues.
	Recap on the knowledge from B4 on cell structure in plants and animals.
Show a series of pictures of cells to the class and discuss how they are specialised e.g. red blood cells, muscle cells, palisade cells, neurones.  There are good pictures available at website BBC Bitesize specialist cells.

Define and describe how groups of similar specialist cells form tissues, and how groups of tissues for organs (e.g. photoreceptors, retina, eye or palisade cell, palisade layer, leaf).
Opportunity for practical work: set up a series of microscopes around the room with pre-prepared slides (or alternatively good quality pictures) e.g. Cross section of a leaf, cross section of a stem, muscle tissue.  Have students sketch the organ and then highlight similar looking cells (tissues) and specialist cells.
	Website BBC Bitesize specialist cells
	Specification points:

B5.1.1. Recall that cells in multicellular organisms can be specialised to do particular jobs.
B5.1.2. Recall that groups of specialised cells are called tissues, and groups of tissues form organs.



Lesson 2: Embryo development
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Learning objectives:
Describe the process of fertilization to form a zygote.
Describe the steps of development of the zygote.
Understand the process of specialisation from stem cells.
	Recap on the concept of fertilization from Key Stage 3.
Describe the process of fertilization using GCSE terms.  There are many animations available (e.g. on youtube) which show the process of fertilization e.g.  website nhs choices pregnancy
Opportunity for practical work: Students can dissect a broad bean easily with just fingers.  When a broad bean is split it is possible to see the embryonic leaves (cotyledon).  This can be used as a model for the concept of human development.
Opportunity for ICT: Students research the different stages of embryo development and design a poster or Powerpoint to show each of the following stages:
· Fertilization
· Zygote
· 8 cell embryo – last stage where embryonic stem cells are present, after which specialization of cells to form tissues and organs occurs
· 100 cell embryo (blastocyte) – first formation of tissues
· 2nd trimester formation of organs
· 3rd trimester growth.  Some cells remain partially specialised (adult stem cells) e.g. in bone marrow.
	Website nhs choices pregnancy
	Specification points:

B5.1.3. Recall that a fertilised egg cell (zygote) divides by mitosis to form an embryo.
B5.1.4. Recall that in a human embryo up to (and including) the eight cell stage, all the cells are identical (embryonic stem cells) and could produce any type of cell required by the organism.
B5.1.5. Understand that after the eight cell stage, most of the embryo cells become specialised and form different types of tissue.
B5.1.6. Understand that some cells (adult stem cells) remain unspecialised and can become specialised at a later stage to become many, but not all, types of cell required by the organism.



Lesson 3: Development in plants
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Learning objectives:

Locate where meristem cells are found in plants.

Understand that meristem cells are mitotically active.

Understand that meristem cells can form plant tissues and organs.
	Show the class a pot plant.  Discuss how the level of organisation of cells > tissues > organs in plants is the same as in animals.
Students identify the main organs in the plant, discuss their function and write a summary table.
Opportunity for practical work: Have students work through a series of activities to show the levels of organisation in plants.  Examples include:
· observing the transection of a leaf under a microscope
· observing and cross section of a stem under a microscope
· making their own cross section of a stem using a dye such as orcein to highlight the xylem
· scraping the layers away on a leaf to reveal the vascular network.
Discuss how the growth and development of plants is different to humans e.g. plants have no define shape, plants grow continuously, and plants can be growth from cuttings (covered next lesson).
Discuss how plants and animals have stem cells but plant meristem cells are completely unspecialised and are found in the root and shoot tips which are the site of active growth (and laterally in some plants like trees).  Describe how the meristem cells in the root tip are mitotically active (are actively dividing) – mitosis is covered later. 
	
	Specification points:

B5.1.7. Understand that in plants, only cells within special regions called meristems are mitotically active.
B5.1.8. Understand that the new cells produced from plant meristems are unspecialised and can develop into any kind of plant cell.
B5.1.9. Understand that unspecialised plant cells can become specialised to form different types of tissue (including xylem and phloem) within organs (including flowers, leaves, stems and roots).




Lesson 4: Cloning plants
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Learning objectives:

Describe the process of taking cuttings.
Understand that cuttings are clones of the original plant.
Understand how auxins can promote rooting.
	Recap on the cloning of plants from B1. What is a clone?  Why do we want to clone plants?
You may want to reshow the video on website bbc gardening propagate pelargoniums
Describe the role of role hormones (auxins) on the formation of roots in cloned plants and how auxins promote the development of roots from meristem cells.
Opportunity for practical work: Students instigate the effect of adding auxins or having no auxins (using rooting powder) on the development of roots in plant cuttings.
Students could also extend this to investigate other factors in the success of cuttings e.g. covering with bags to prevent water loss etc.
	website bbc gardening propagate pelargoniums
	Specification points:
B5.1.10. Understand that the presence of meristems (as sources of unspecialised cells) allows the production of clones of a plant from cuttings, and that this may be done to reproduce a plant with desirable features.
B5.1.11. Understand that a cut stem from a plant can develop roots and then grow into a complete plant which is a clone of the parent, and that rooting can be promoted by the presence of plant hormones (auxins).



Lesson 5: Phototropism
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Learning objectives:

Define the term phototropism.

Understand how phototropism increases the plant’s chance of survival.

Explain the roles of auxins in the process of phototropism.
	Discuss the story of the walking palm tree – a tree which can uproot itself and move!  Videos of this are available of youtube.
Introduce the concept of phototropism – movement towards light and why it helps plants survive by maximising the energy gained from photosynthesis.
Discuss how plants respond to other stimuli e.g. roots growth towards water and shoots growth away from gravity.  Discuss the results of experiments on the international space station show that it is difficult to grow plants in zero gravity!
Opportunity for practical work: Students set up a simple experiment use fast growing seeds e.g. mung beans or cress.  They place them in three conditions, light, dark, and unidirectional light (coming only from one side).
Opportunity for ICT: As part of a project you may get the students to use some time lapse photography.  This can be achieved with a cheap webcam attached to a laptop.
Discuss where in the plant in sensitive to light.  Use animation whfreeman phototropism to explore the concept and describe how auxins are produced in the shoot tip and then move to areas of the plant in the shade causing growth/elongation of cells.
	Animation whfreeman phototropism
Website european space agency plant experiments
	Specification points:

B5.1.12. Understand that the growth and development of plants is also affected by the environment, e.g. phototropism.
B5.1.13. Understand how phototropism increases the plant’s chance of survival.
B5.1.14. Explain phototropism in terms of the effect of light on the distribution of auxin in a shoot tip.



Lesson 6: Mitosis
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Learning objectives:

Define mitosis.

Describe the steps of mitosis.

	Recap on the previous lesson on embryo development.  What is growth?  Why do cells need to divide? – growth and repair.
Define the term mitosis – cell division that produces two new cells that are genetically identical to each other and to the parent cell – although technically mitosis only refers the division of the nucleus.
Discuss what a cell needs to do before dividing e.g. increase number of organelles (mitochondria) and replicate the cell’s DNA (covered later).
Show animation on website cells alive animal cell mitosis.  Students are not required to know any of the intermediate stages of mitosis but this gives a good overview.
Students can create a presentation in a variety of ways to show this process from posters, to Powerpoint slide shows with animations to simple flip books.
	Website cells alive animal cell mitosis
	Specification points:

B5.2.1. Recall that cell division by mitosis produces two new cells that are genetically identical to each other and to the parent cell.
B5.2.2. Describe the main processes of the cell cycle:
· Cell growth during which:
· numbers of organelles increase
· the chromosomes are copied when the two strands of each DNA molecule separate and new strands form alongside them.
· Mitosis during which:

· copies of the chromosomes separate
· the nucleus divides.
Candidates are not expected to recall intermediate stages of mitosis.



Lesson 7: Meiosis
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Learning objectives:

Define the term meiosis.

Describe the steps of meiosis.
	Recap on the process of mitosis from last lesson and the definition.  Ask students for an example of a cell in their body that doesn’t have 46 chromosomes? – Sperm and eggs have 23.  Why do they have 23?

Show animation on website cells alive animal cell mitosis.  Students do not need to know any of these steps but this animation serves to illustrate that 4 gametes are created from 1 parent cell and each gamete has half the number of chromosomes of the parent cell.  Why is this important?
Using a diagram showing 4 chromosomes (2 homologous pairs), colour coded blue and red per paternal and maternal. Students draw a diagram to show the formation of  4 different sperm cells and egg cells and how two of these games fertilise to form a unique new zygote.  A good technique to show this process is to have a role play with the students acting as chromosomes.
	Website cells alive animal cell mitosis.  
	Specification points:

B5.2.3. Recall that meiosis is a type of cell division that produces gametes.
B5.2.4. Understand why, in meiosis, it is important that the cells produced only contain half the chromosome number of the parent cell.
Candidates are not expected to recall intermediate stages of meiosis.
B5.2.5. Understand that a zygote contains a set of chromosomes from each parent.



Lesson 8: DNA
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Learning objectives:

Recall the double helix structure of DNA.

Describe the process of base pairing.
	Recap on the idea that DNA is found in every cell in the nucleus and that strands of DNA are called chromosomes and chromosomes are made up of many genes.  Humans have 46 chromosomes (23 pairs) and 30,000+ genes.
Describe how James Watson and Francis Crick used “modelling” to help determine the structure of DNA.  Show video on website dnalc dna molecule: base pairing.

Discuss the two key features of the DNA double helix using an animation or model.  DNA forms a double helix.  The double helix is help together by pairs of bases A biding to T and G binding to C. (full names of bases are not required). 

Provide students with a series of DNA sequences which they need to write the complementary bases for.

Opportunity for practical work: Students can build a model of DNA using a variety of techniques.  One example is a paper model like the one on website csiro dna model template
	Website dnalc dna molecule: base pairing
Website csiro dna model template
ICT: There is a free app for the ipad/ipod/iphone called molecules which has a great animation of DNA.
	Specification points:
B5.3.1. Recall that DNA has a double helix structure.
B5.3.2. Recall that both strands of the DNA molecule are made up of four different bases which always pair up in the same way: A with T, and C with G.



Lesson 9: Extracting DNA
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Learning objectives:

Recall the double helix structure of DNA.

Describe the process of base pairing.
	Discuss what uses DNA extraction has in modern life e.g. forensics, paternity, genetic testing etc.  You can even buy kits to make your own locket containing a DNA sample of someone.
This lesson is a long practical session in which students can extract DNA from a source.  Good sources are banana (as it requires little effort to break down), peas, kiwi and onions.  For more of a challenge you may have different groups of students extract DNA from different sources.
The procedure to extract DNA is so simple it can be carried out in most people’s kitchens!  A detailed step by step guide with excellent pictures can be found at website fun science how to extract DNA from fruits.

Extension: During the waiting gaps in the procedure students can complete a simple flow chart or cut n’ stick activity to illustrate the reason for each step.
	Website fun science how to extract DNA from fruits
Safety – all teachers should conduct their own risk assessments before conducting any practical work.
	Specification points:

B5.3.1. Recall that DNA has a double helix structure.
B5.3.2. Recall that both strands of the DNA molecule are made up of four different bases which always pair up in the same way: A with T, and C with G.



Lesson 10: Protein Synthesis
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Learning objectives:

Understand how the DNA code leads to the production of proteins.

Understand the nature of the triplet code.

Recall the steps and location of protein synthesis.
	Recap on the link between gene and proteins (one gene one protein theory) from B1.

Write on the board three simple words cat sat mat.  Ask students to read them and ask why they are able to read them?  Each word is made of 3 symbols (letters).  There are 5 symbols in the above example c, a, t ,s and m.  Each group of three symbols represents a “concept”.
Link this to DNA. There are four DNA bases A, G, T and C.  The sequence of these bases determines which amino acids are selected for the protein.
Higher: Each set of three bases represents “codes for” one of twenty different amino acids.  This is called the triplet code.
Opportunity for mathematics: Students work out mathematically how many nucleotide bases are required to code for 20 amino acids.  If 1 base coded for 1 amino acid there would be only 4 amino acids.  If 2 bases coded for 1 amino acid there would be 4x4=42 = 16 possible amino acids.  If 3 bases coded for each amino acid there would be 4x4x4=43=64 possible combinations.  If there are three bases coding for each amino acid and there are only 20 amino acids what do all the other triplets code for – each amino acid is coded for my multiple triplets.  
Show video on website DNAlc transcription and translation: triplet code
Opportunity for practical work: Provide the students with a DNA base sequence (a gene) of about 24 bases and given them a triplet code table (emphasis real genes can be 1000+ bases).  Ask them to determine how many and which amino acids will be in this protein.  This can be developed slightly to model the process – e.g. teacher is the nucleus and holds the code, students come to collect a copy of 
	Website DNAlc transcription and translation: triplet code
Website DNAlc transcription & translation: transcription (basic) 
Website DNAlc transcription & translation: translation (basic) 
	Specification points:

B5.3.3. Understand that the order of bases in a gene is the genetic code for the production of a protein.
B5.3.4. Explain how the order of bases in a gene is the code for building up amino acids in the correct order to make a particular protein.
Candidates are not expected to recall details of nucleotide structure, transcription or translation.
B5.3.5. Recall that the genetic code is in the cell nucleus of animal and plant cells but proteins are produced in the cell cytoplasm.
B5.3.6. Understand that genes do not leave the nucleus but a copy of the gene (messenger RNA) is produced to carry the genetic code to the cytoplasm.



	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	
	the code (messenger RNA); the code itself never leaves the teacher; they take it back to their place (the cytoplasm) in order to translate it into an amino acid sequence.

Outline the process of protein synthesis – understand a gene copy (Higher: messenger RNA) is made from the gene which leaves the nucleus and is then “read” and a protein formed from the selected amino acids.
Show video on website DNAlc transcription & translation: transcription (basic) and website DNAlc transcription & translation: translation (basic) .  Summarise and simplify the details to a GCSE level (candidates are not expected to recall details of nucleotide structure, transcription or translation).
Students construct a simple flow chart to show the sequence of events.
	
	


Lesson 11: Gene switching
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Learning objectives:

Define the term gene switching.

Understand how gene switching leads to the formation of specialist cells from stem cells.
	Recap on the sequence of events in embryo development and protein synthesis.
Opportunity for ICT: Students research a particular organ/tissue type.  Students choose an image/diagram of that organ and then add an example of which proteins are unique to this organ.  To make this task easier for some students you could create cards or information sheets to help.  Examples include: skin (collagen), muscle (myosin), hair (keretin), eyes (crystalin), stomach (pepsin).  To help students can use website bbc science human anatomy organs
Students explain the process of gene switching and how some genes are turned on in some tissues.  Discuss how in some disorders e.g. cancer genes are switched on when not required!
	Website bbc science human anatomy organs
	Specification points:

B5.3.7. Understand that although all body cells in an organism contain the same genes, many genes in a particular cell are not active (switched off) because the cell only produces the specific proteins it needs.
B5.3.8. Understand that in specialised cells only the genes needed for the cell can be switched on, but in embryonic stem cells any gene can be switched on during development to produce any type of specialised cell.



Lesson 12: Stem cells and cloning
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Learning objectives:

Understand how stem cells are used to repair damaged tissues.

Understand gene switching occurs in mammalian cloning to form specific tissue types.
	Discuss some examples of organs in the body (using examples from the last lesson) and ask students how these organs can go wrong/be damaged? e.g. strokes, burns, diabetes.  Show video of website bbc news stem cells dance under microscope
Describe the two types of cloning (therapeutic and reproductive).  Outline the steps common to both up to the 8 cell stage then distinguish between the two.  (note reproductive cloning is not on the specification but it does provide a good example of how it is subject to government regulation). Use the animation on the website dnalc cloning 101
Higher: How is a stem cell turned into a chosen tissue? Students should understand that stem cells from the 8 cell stage can become specialised cells by the addition of certain specific hormones which switch on certain genes. 
Opportunity for ICT: Students research a condition where therapeutic cloning is being researched or used.  Some examples include: Parkinson’s, type 1 diabetes, advanced macular degeneration (AMD), leukaemia/bone marrow transplants, skin grafts.
	Website bbc news stem cells dance under microscope
Website dnalc cloning 101

	Specification points:

B5.3.9. Understand that adult stem cells and embryonic stem cells have the potential to produce cells needed to replace damaged tissues.
B5.3.11. Understand that, in carefully controlled conditions of mammalian cloning, it is possible to reactivate (switch on) inactive genes in the nucleus of a body cell to form cells of all tissue types.



Lesson 13: Ethical use of stem cells
Suggested Teaching Time: 1 Hour
	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Learning objectives:

Understand that ethical decisions need to be taken when using embryonic stem cells.

Understand that this work is subject to government regulation.
	Discuss that there are two sources form embryonic stem cells – cloning body cells and using human embryos.  What are the sources of these human embryos?  - donated or discarded from IVF.  Show video on website tes stem cell research: the issues
Show students the HFEA website and discuss the role of the HFEA.  Look at who makes up the board of the HFEA.  Why is it important that the HFEA are not only scientists and doctors? (note the HFEA’s powers may be transferred soon to the CQC by the new government.)
Opportunity for practical work: Cloning – what should be allowed?  Split class into groups or about 4.  Each group will be a HFEA board.  There are four roles within the board.  1) a research scientist, 2) a doctor, 3) a member of the general public, 4) a lawyer.  You may wish to make a card for each role to illustrate their knowledge base and background.
Each HFEA group should be posed a series of questions.

Should human embryos be used for stem cell research?
Should women be allowed to “sell” unfertilized eggs to be used to produce embryonic stem cells (currently they can only be donated).
Should stem cell research be allowed to produce tissues to treat diseases (therapeutic cloning).
Extension - show hybrid animal/human embryos be used for stem cell research?
Extension - should reproductive cloning be allowed in the production of livestock and pets?
Extension - should reproductive cloning be allowed in humans?

	website - hefa
	Specification points:

B5.3.10. Understand that ethical decisions need to be taken when using embryonic stem cells and that this work is subject to government regulation.



Sample Lesson Plan

GCSE 21st Century Science Biology A J243
Module B5: Growth and development

Living processes
OCR recognises that the teaching of this qualification above will vary greatly from school to school and from teacher to teacher. With that in mind this lesson plan is offered as a possible approach but will be subject to modifications by the individual teacher.

Lesson length is assumed to be one hour.

Learning Objectives for the Lesson

	Objective 1
	Define the term specialist cell
	

	Objective 2
	Recall that tissues are made of groups of specialist cells
	

	Objective 3
	Recall that organs are made of groups of tissues
	


Recap of Previous Experience and Prior Knowledge

Key stage 3 knowledge and content from B4 on cell structure of plants and animal cells.

Content

	Time
	Content

	10 minutes
	Recap on the knowledge from B4 on cell structure in plants and animals

Show a series of pictures of cells to the class and discuss how they are specialised e.g. Red blood cells, Muscle cells, Palisade cells, Neurones.  There are good pictures available at Website BBC Bitesize Specialist Cells.

	10 minutes
	Define and describe how groups of similar specialist cells form tissues, and how groups of tissues for organs (e.g. photoreceptors, retina, eye or palisade cell, palisade layer, leaf).

	30 minutes
	Opportunity for Practical Work: Set up a series of microscopes around the room with pre-prepared slides (or alternatively good quality pictures) e.g. Cross section of a leaf, cross section of a stem, muscle tissue.  Have students sketch the organ and then highlight similar looking cells (tissues) and specialist cells.


Consolidation
	Time
	Content

	10 minutes
	Get feedback from students on the types of cells they have seen and how they are specialised.
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