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TOPIC 1







CORE PRACTICAL 1: Investigate the effect of caffeine on heart rate in daphnia.[bookmark: _GoBack]CPAC criteria focus for the lesson: 

(1a) Correctly follows instructions to carry out the experimental techniques or procedures.

(2c) identifies and controls significant quantitative variables where applicable, and plans approaches to take account of variables that cannot readily be controlled. 

(4b) Obtains accurate, precise and sufficient data for experimental and investigative procedures and records this methodically using appropriate units and conventions.



Does caffeine affect heart rate?
Purpose
To investigate the effect of caffeine on the heart rate of Daphnia (water fleas).
To develop practical skills.
Caffeine
Plants produce caffeine as an insecticide. Cocoa in South America, coffee in Africa and tea in Asia have all been used for hundreds of years to produce ‘pick me up’ drinks containing caffeine. These days, caffeine is also used as a flavour enhancer in a wide range of soft drinks. In addition, it has medicinal uses in painkiller preparations and is found in weight-loss drugs and as a stimulant in students’ exam-time favourites like PRO PLUS and Red Bull.
In humans, caffeine acts as a stimulant drug, causing increased amounts of stimulatory neurotransmitters to be released. At high levels of consumption caffeine has been linked to restlessness, insomnia and anxiety, causing raised stress and blood pressure. This can lead to heart and circulation problems.
The effect of caffeine on heart rate can be investigated using Daphnia (water fleas). The beating heart of a water flea can be seen through its translucent body, by placing the flea in a few drops of water in a cavity slide under the microscope.
Investigating the effect of caffeine on heart rate
Safety
[image: 4_Warning Triangle]If a stroboscope is used to show the Daphnia’s heart rate and you know you suffer from photosensitive epilepsy, tell your teacher and take appropriate precautions.
1 Scientific questions and information research
State what you are going to investigate – try to express this as a hypothesis to test. What do you think will be the effect of caffeine on the heart rate of water fleas? Write down your ideas and a prediction, and present relevant biological knowledge to support your suggestions.
Research relevant information – to help you decide on what you are going to investigate and how you will carry out the practical work, you might need to research the background science and methods people have used to investigate similar problems. When you write up your plan remember to give full details of any information sources you use and comment on their reliability.
2 Planning and experimental design
Design an experiment that you can use to test your hypothesis – the Developing Practical Skills Framework in the Practical Skills Support section of SNAB Online will help you plan your investigation. Note: Daphnia are poikilothermic (cold blooded). Turn off the microscope lamp when not viewing the fleas.
The following equipment will be available:
Culture of Daphnia (water fleas)
Cavity slides
Dropping pipettes
Distilled water
Caffeine tablets
Cotton wool
Standard glassware (beakers, measuring cylinders, etc.)
Stopclock
Paper towels or filter paper
Microscope.
Make sure your plan:
includes the hypothesis that you are testing
identifies the independent and dependent variables
identifies any other variables which may affect the outcome of the experiment and, where possible, controls or allows for them
includes a procedure which uses suitable apparatus that will give you measurements that will validly test your hypothesis, and explains why the apparatus is suitable and how the results will let you test the hypothesis
has a control, if appropriate, and this control is fully explained
includes replicates, and an explanation of why this is necessary
says what measurements you will make, how they will be made and the level of precision that you can expect in your measurements
identifies any potential sources of error (systematic or random) and how errors can be minimised
comments on any ethical issues that arise from using invertebrates in the experiment and explains how these will be taken into account in the practical method used
includes a risk assessment that identifies any risks and explains any safety precautions that need to be taken so as to reduce those risks.
3 Carrying out practical work safely and ethically
Either use the plan you have created after it has been checked by your teacher/lecturer or use a method supplied by your teacher/lecturer. If unexpected ethical or safety issues arise, deal with them sensibly, taking advice where needed and make a note of them. Record all measurements, including repeated ones, as soon as they are taken; with appropriate precision (i.e. a suitable number of significant figures) and units. Note any possible errors.
4 Analysis and interpretation of data
Present your data in an appropriate table and graph. For information on the features of a good table and graph see the Maths and Stats Support in the SNAB Online resources. If you have lots of repeated results, remember that you should work out mean values and present these in your report. This also lets you comment on the significance of your results. If the results that are used to calculate the means are very variable, any differences between the treatment means may not be significant. The range of values can be shown on the graph using bars on each point as a measure of the variation of the data. See Maths and Stats Support Sheet 10 – standard deviation – for details of how to work out standard error. NB: you need to make it clear what any bars on a graph are showing.
5 Conclusion and evaluation
In the discussion of your results you should use evidence from your data to identify any trends and patterns. You should quote some data that show the trend. You should then use biological knowledge to explain any patterns or trends identified. You should state a clear conclusion, summarising what you found out and comment on the validity of your conclusion. You should evaluate your experimental apparatus and methods, commenting on the accuracy and precision of your results.
Remember that the hypothesis you suggested may not be correct. In this case, the results will not show the patterns or trends that you expected. There may be a different trend or no trend at all. This is perfectly OK. You may be able to suggest an alternative explanation for your results. You may still think your hypothesis is sound, but that there are concerns about the experimental method used and that the results obtained are not very valid, i.e. they may not be testing the hypothesis appropriately. In this case, you cannot draw valid conclusions from the results and this should be explained in any write up. An experiment that does not produce the expected results is often as valuable to other researchers as a report that supports the original hypothesis. It allows other researchers to make informed decisions about the methods they will use in the future and it may allow them to suggest alternative ideas.

STUDENT NOTES:
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CORE PRACTICAL 2: Investigate the vitamin C content of food and drink.
CPAC criteria focus for the lesson: 

(2a) correctly uses appropriate instrumentation, apparatus and materials to carry out investigative procedures, experimental techniques and procedures with minimal assistance. 

(2d) selects appropriate equipment and measurement strategies in order to ensure suitable accurate results. 

(5b)Sources on information are sited demonstrating that research has taken place, supporting planning and conclusions.




Is high C all it claims to be?
Purpose
To investigate the vitamin C content of fruit juice.
To develop practical skills.
Schoolgirls expose false vitamin C claims
Fruit juice is recommended as a good source of the antioxidant vitamin C and large volumes are sold every day. In 2004, two high school students in New Zealand conducting an experiment to determine the vitamin C levels of their favourite fruit drinks found that the levels in one well-known blackcurrant juice drink were much lower than those claimed by the manufacturer. The manufacturer dismissed the concerns, saying the claim related only to the blackcurrant fruit and not the product. However, the case was taken up by a television consumer affairs show and after further testing it was found that statements about the levels of vitamin C had been misleading. Fifteen charges were brought under the Fair Trading Act. In March 2007, the manufacturer pleaded guilty to all 15 charges and was fined NZ$217,500. The manufacturer maintains that the issue only affected juice in Australia and New Zealand.
Which juice contains the most vitamin C?
The quantity of vitamin C in food and drink can be determined using a simple colour test. Vitamin C decolourises the blue dye DCPIP (dichlorophenolindolphenol). Vitamin C is an antioxidant and reduces the DCPIP. DCPIP changes from blue to colourless (or slightly pink) as it becomes reduced.
Use the method described below to investigate the amount of vitamin C in fruit juice.
Read the procedure below carefully and decide if it will validly answer the question posed. Complete a risk assessment before you start.
You need
1% DCPIP solution
1% vitamin C solution
A range of fruit juices
Test tubes
Pipette to accurately measure 1 cm3
Pipette or burette.
Procedure
1	Pipette 1 cm3 of 1% DCPIP solution into a test tube.
2	Record the start volume of 1% vitamin C solution in a pipette or burette. Add 1% vitamin C solution drop by drop to the DCPIP solution. After adding each drop, shake the tube gently. Continue to add drops of the vitamin C solution until the blue colour of the DCPIP has just disappeared. Record the end volume. Calculate the exact volume of 1% vitamin C solution needed to decolourise the DCPIP by subtracting the start volume from the end volume. Repeat the procedure and average the result.
3	Repeat this procedure with the fruit juices provided. If only one or two drops of the fruit juice decolourises the DCPIP, dilute the juice and repeat the test.
4	The 1% vitamin C solution contains 10 mg of vitamin C in 1.0 cm3. Calculate the mass of vitamin C that is required to decolourise 1 cm3 of the DCPIP solution. Use this value to work out how much vitamin C each of the fruit juices contain, in mg cm–3.
Analysis and interpretation of data
5	Present your results in the most appropriate way.
Conclusion and evaluation
6	Discuss your findings with reference to your question or problem. State a clear conclusion to your work, summarising what you have found. Support your statements with evidence from your results and relevant biological knowledge.
7	Comment on any systematic or random errors in the data.
8	Comment on the accuracy and precision of your results.
9	Propose any changes to the procedure that would improve the quality of the results.
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TOPIC 2







CORE PRACTICAL 3: Investigate membrane structure, including the effect of alcohol concentration or temperature on membrane permeability.CPAC criteria focus for the lesson: 

(2b) Carries out techniques or procedures methodically, in sequence and in combination, identifying practical issues and making adjustments when necessary.

(3b) Uses appropriate safety equipment and approaches to minimise risks with minimum with minimal prompting.

(5a) Uses appropriate software and/or tools to process data, carry out research and report findings.



Why does the colour leak out of cooked beetroot?
Purpose
To investigate the effect of temperature or alcohol concentration on membrane structure.
To develop practical skills.
Safety
Wear eye protection and lab coats.
Take care using a cork borer, a knife and water baths at 60 and 70 °C.
Alcohol is highly flammable. Keep away from naked flames and ignition sources.


	You need

	Raw beetroot
Size 4 cork borer
White tile
Knife
Ruler
Water baths at 0, 10, 20, 30, 40, 50, 60, 70 C, or alcohol
Plastic beaker, about 250 cm3
8 boiling tubes
If alcohol concentration is investigated several water baths and ice will not be required. Pipettes and alcohol will be needed instead.
	2 boiling tube racks
Crushed ice
Thermometers (one per water bath)
Colorimeter
Cuvettes
Stopclock
Distilled water
Pipettes for measuring 2 cm3 and 5 cm3
Small measuring cylinders


Beetroot pigments
If you read a recipe for cooked beetroot it will usually recommend that you do not remove the outer skin of the beetroot and do not cut off all the stalk and root if you want to avoid getting lots of red dye in the cooking water. Beetroot contains red pigments called betalains, located within the cell vacuole. What happens to the membranes and pigments when beetroot is cooked or put in alcohol?
The aim of this practical is to use beetroot to examine the effect of temperature or alcohol concentration on cell membranes and relate the effects observed to membrane structure. To function correctly a cell needs to be able to control transport across the partially permeable cell membrane.
1 Scientific questions and information research
Before you start the experiment you should:
Research relevant information and state what you are going to investigate – decide what you think will be the effect of temperature or alcohol on beetroot cell surface membranes and how this will affect their permeability. Write down your idea as a hypothesis that you can test and support your idea with biological knowledge. To help you decide on what you are going to investigate and how you will carry out the practical work, you might need to research the background science and methods people have used to investigate similar problems. 

2 Planning and experimental design
a	Go through the procedure provided for the factor you are investigating and decide if:
all the variables have been identified and, where possible, controlled or allowed for
the apparatus is suitable and will provide appropriate measurements that will allow you to test your hypothesis validly
the measurement will be precise and repeatable
there are likely to be any systematic or random errors
there are likely to be any safety issues and how you would minimise any risks
b	Write up your decisions on each of the points above and describe any alterations to the procedure that may be needed and any detail that might need to be added.
c	Write a risk assessment for the procedure including the safety precautions you will take.

Procedure to investigate the effect of temperature
1	Cut cylindrical samples from a single beetroot using a size 4 cork borer. Cut eight 1 cm length sections from these samples. Be careful not to spill beetroot juice on your skin or clothing as it will stain very badly.
2	Place the sections in a beaker of distilled water. Leave overnight to wash away excess dye.
3	Next day, place eight labelled boiling tubes, each containing 5 cm3 distilled water, into water baths at 0 C, 10 C, 20 C, 30 C, 40 C, 50 C, 60 C and 70 C. Leave for 5 minutes until the water reaches the required temperature. Place one of the beetroot sections into each of the boiling tubes. Leave for 30 minutes in the water baths.
4	Decant the liquid into a second boiling tube or remove beetroot sections using a technique that does not squeeze the slice. Shake the water/solution to disperse the dye.
5	Switch on the colorimeter and set it to read percentage absorbance.
6	Set the filter dial to the blue/green filter.
7	Using a pipette, accurately measure 2 cm3 distilled water into a cuvette. Place the cuvette into the colorimeter, making sure that the light is shining through the smooth sides.
8	Adjust the colorimeter to read 0 absorbance for clear water. Do not alter the setting again during the experiment.
9	Place 2 cm3 of the dye solution into a colorimeter cuvette and take a reading for absorbency. Repeat the readings for all the temperatures.
In ICT Support 3 there is a datalogging sheet on monitoring diffusion of pigment across beetroot cell membranes.
3 Carrying out practical work safely and ethically
Use your modified plan to carry out the practical work correctly and with appropriate safety precautions. If unexpected safety issues arise, deal with them sensibly, taking advice where needed, and make a note of them. Record all measurements, including repeated ones, as soon as they are taken, with appropriate precision (i.e. a suitable number of significant figures) and units. Note any possible errors.
4 Analysis and interpretation of data
Present your results in an appropriate way.
Identify any trends or patterns in your results.
5 Conclusion and evaluation
Explain any trends or patterns, supporting your statements with evidence from your data, using biological knowledge. 
State a clear conclusion, summarising what you found out and comment on the validity of your conclusion.
Evaluate your experimental apparatus and methods, commenting on the accuracy and precision of your results.
Describe how you could have improved this experiment.

Procedure to investigate the effect of alcohol
1	Cut cylindrical samples from a single beetroot using a size 4 cork borer. Cut eight 1 cm length sections from these samples. Be careful not to spill beetroot juice on your skin or clothing as it will stain very badly.
2	Place the sections in a beaker of distilled water. Leave overnight to wash away excess dye.
3	Next day, place one of the beetroot sections into a boiling tube containing 5 cm3 distilled water. This is 0% alcohol concentration. Repeat with seven test tubes containing 10%, 20%, 30%, 40%, 50%, 60% and 70% alcohol. Leave boiling tubes for 30 minutes.
4	Decant the liquid into a second boiling tube or remove beetroot sections using a technique that does not squeeze the slice. Shake the water/solution to disperse the dye.
5	Switch on the colorimeter and set it to read percentage absorbance.
6	Set the filter dial to the blue/green filter.
7	Using a pipette accurately, measure 2 cm3 distilled water into a cuvette. Place the cuvette into the colorimeter, making sure that the light is shining through the smooth sides.
8	Adjust the colorimeter to read 0 absorbance for clear water. Do not alter the setting again during the experiment.
9	Place 2 cm3 of the dye solution into a colorimeter cuvette and take a reading for absorbency. Repeat the readings for all the alcohol concentrations.
In ICT Support 3 there is a datalogging sheet on monitoring diffusion of pigment across beetroot cell membranes.
3 Carrying out practical work safely and ethically
Use your modified plan to carry out the practical work correctly and with appropriate safety precautions. If unexpected safety issues arise, deal with them sensibly, taking advice where needed, and make a note of them. Record all measurements, including repeated ones, as soon as they are taken, with appropriate precision (i.e. a suitable number of significant figures) and units. Note any possible errors.
4 Analysis and interpretation of data
Present your results in an appropriate way.
Identify any trends or patterns in your results.
5 Conclusion and evaluation
Explain any trends or patterns, supporting your statements with evidence from your data, using biological knowledge. 
State a clear conclusion, summarising what you found out and comment on the validity of your conclusion.
Evaluate your experimental apparatus and methods, commenting on the accuracy and precision of your results.
Describe how you could have improved this experiment.
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CORE PRACTICAL 4: Investigate the effect of enzyme and substrate concentrations on the initial rates of reactions.CPAC criteria focus for the lesson: 

(2a) correctly uses appropriate instrumentation, apparatus and materials to carry out investigative procedures, experimental techniques and procedures with minimal assistance. 

(2d) selects appropriate equipment and measurement strategies in order to ensure suitable accurate results. 

(4b) Obtains accurate, precise and sufficient data for experimental and investigative procedures and records this methodically using appropriate units and conventions.



Enzyme concentrations and enzyme activity: Planning Sheet
Purpose
To investigate how enzyme concentration can affect the initial rate of reaction.
To develop practical skills.
Safety
Wear eye protection, lab coats and disposable gloves.
All enzymes are potential allergens and skin contact should be avoided. Asthma sufferers
may be particularly sensitive, so alert your teacher.
Hydrogen peroxide is corrosive. Use with great care avoiding contact with eyes, skin and
clothing.
Use the scalpel/craft knife with care, cutting on a secure surface.
Reducing concentration
If someone’s pancreatic duct becomes blocked it reduces or prevents the release of pancreatic enzymes into the small intestine. The aim of this activity is to investigate the effect of a reduction in enzyme concentration on the initial rate of reaction. The pancreas releases several enzymes, including proteases, which could be used to investigate the effect of enzyme concentration on initial rate of reaction. Other enzymes, including catalase, could be used to investigate the effect of enzyme concentration on initial rate of reaction. Catalase is not released by the pancreas: it occurs in most cells to break down toxic hydrogen peroxide, the by-product of various biochemical reactions.
Why do we measure the initial rate of reaction?
At the start of an enzyme experiment in the lab there will be a fixed amount of substrate in the test tube and no product. As the reaction proceeds, the amount of substrate decreases and the amount of product increases. Therefore the chance of a substrate molecule colliding with an enzyme goes down, so the rate of reaction is slower than at the start. For this reason, when carrying out enzyme catalysed reactions, it is the initial rate of the reaction that is the most valid measurement to take; it will give the rate of the reaction under the desired conditions.
1 Scientific questions and information research
Milk powder contains a white protein called casein. A white suspension of milk powder clears on the addition of the enzyme trypsin. Hydrogen peroxide is broken down by the enzyme catalase, forming water and oxygen gas.
Research relevant information and decide what you think the relationship will be between the enzyme concentration and the initial rate of reaction. Make sure that you understand and explain why we are only interested in the initial breakdown of the substrate. Write down your idea as a hypothesis that you can test. Use scientific ideas to support your prediction.

2 Planning and experimental design
You are provided with the following equipment:
Standard acidified protease solution or a cylinder of potato tissue (a source of catalase).
Milk powder or hydrogen peroxide solution (the substrate).
Standard laboratory glassware and apparatus including a ruler, stopclock and thermometer.
A colorimeter and cuvette.
NB: Casein will hydrolyse in acid conditions without addition of the enzyme.
Plan an experiment that will test your hypothesis. Make sure your plan:
includes a hypothesis about enzyme concentration and the breakdown of substrate, with a scientific explanation to support your ideas 
includes a procedure that uses suitable apparatus to produce measurements that will validly test your hypothesis 
includes a method that allows you to assess the initial rate of reaction
identifies the dependent and independent variables and, where possible, controls or allows for other variables
has a control and replicates, and that you have explained why these are necessary
says exactly what measurements you will make and how they will be made
says how you will make sure the results are valid, accurate, precise and repeatable
identifies any possible sources of error
includes a risk assessment with any safety precautions you will take.
Refer to the Developing Practical Skills Framework in Practical Skills Support for guidance on planning an experiment.
Have your plan checked by your teacher/lecturer before starting the experiment.
On completion of the experiment make sure you have presented your results in the most appropriate way, and identified and explained any trends or patterns in your results, supporting your statements with evidence from your data. Also, using biological knowledge, you should have commented on any variation and possible errors within the data, and proposed changes to your procedure that would improve the experimental results.
The effect of substrate concentration
Having successfully completed the practical work to determine the effect of enzyme concentration, modify your experimental procedure to show how you would investigate the effect of substrate concentration on initial rate of enzyme reaction.




















STUDENT NOTES: 
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CORE PRACTICAL 5: Prepare and stain a root tip squash to observe the stages of mitosisCPAC criteria focus for the lesson: 

(1a) Correctly follows instructions to carry out the experimental techniques or procedures.
3(a) Identifies hazards and assesses risks associated with these hazards when carrying out experimental techniques and procedures in the field
(4a) Makes accurate observations relevant to the experimental or investigative procedure.




Observing mitosis
Purpose
To prepare some slides of actively dividing plant tissue.
To observe the stages of the cell cycle in living tissue.
To determine the duration of the stages of mitosis in relation to the whole cell cycle.
To develop practical skills.
Preparing the cells
To see mitosis in action you need to look at living cells. Garlic bulbs grow roots that have actively dividing cells in their tips. Each cell has only eight chromosomes so it is relatively easy to see the chromosomes once they have condensed.
In order to see the chromosomes inside the cells, the cells must be separated and spread out into a layer that is ideally just one-cell thick. Plant cells are glued together by a middle lamella of pectins. Hydrochloric acid will break down these pectins allowing the cells to be separated. Follow the procedure in Methods 1 or 2 to stain chromosomes. Your teacher will guide you on which method to use. Before you start, read the method carefully and consider any safety issues and how you will minimise any risks.
Interpreting what you see on your cell preparation
Examine your preparation carefully for cells undergoing different stages of mitosis. Identify the different stages by comparison with labelled pictures or photographs of cells during mitosis. Bear in mind that mitosis is a dynamic process so cells may have been fixed in transition from one stage to the next – you will have to interpret what you see. Follow the steps below to help you record and interpret your results.
1	Identify cells in the following stages of mitosis: interphase, prophase, metaphase, anaphase and telophase. Draw one cell to illustrate each stage. Your drawings will be simple outlines of the cells and the groups of chromosomes in them as few other structures will be visible. Aim to show the relative sizes and positions of the chromosomes in the cell accurately. Annotate to describe what is happening. See Practical Skills Support Sheet 8 – using a microscope – for guidance on biological drawing.
2	Count the number of cells in the area visible under the microscope when viewed at ×400 (the field of view). Count the number of cells in each stage of mitosis. Record your results in an appropriate table.
3	Calculate the percentage of the cells in each stage of mitosis. Rank these values from highest to lowest. Given that your preparation freezes the process of mitosis at one point of time, what do these values suggest to you about the length of time a cell spends in each stage of mitosis? Explain how you arrive at your conclusion.
4	If a group of cells is dividing rapidly, a high proportion of the cells will be undergoing mitosis. A group of cells that is not dividing will have all cells in interphase of the cell cycle. The amount of cell division occurring in a tissue can be quantified using the mitotic index. The mitotic index is used for studying tumour growth in cancer patients. Using the formula below, calculate the mitotic index for your root tip. If you have time, compare this value with the mitotic index of an area of cells away from the tip and comment on your findings.

	Mitotic index = 
5	Using a stage micrometer and eyepiece graticule, make appropriate measurements to allow you to compare the size of interphase cells with those that are undergoing cytoplasmic division. See Practical Skills Support Sheet 9 – size and scale – for information on the use of a stage micrometer and eyepiece graticule. Comment on your findings.
Evaluation
After completing the practical work, evaluate the method used and results obtained. In this evaluation you should:
comment on the suitability of the procedure
describe and explain any changes you made to the method provided
explain the safety precautions taken during this practical
discuss the quality of your results, including comments on the validity of the results, and the repeatability, accuracy and precision of any measurements made
discuss any limitation of the method and apparatus, and suggest what modifications could reasonably be made to the procedure or apparatus to improve your findings.





































STUDENT NOTES: 
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Method 1 Using toluidine blue stain
Safety
1 M hydrochloric acid is an irritant. Wear eye protection.
Toluidine blue is harmful if ingested and will also stain skin and clothes.
Wear lab coats and disposable gloves.
Always use the fine forceps to move the root tip sample to/from solutions.
Be aware of the risk of using microscopes where direct sunlight may strike the mirror.

	YOU NEED

	Garlic roots
1 M hydrochloric acid
Toluidine blue stain
Cold distilled water
2 watch glasses or small sample tubes
Hollow glass block or small sample tube
Pipettes (and pipette fillers) or small measuring cylinders
	Microscope slides and coverslips
Pair of fine forceps
Filter paper or soft tissue paper
Microscope with magnifications of 100 and 400
Fine scissors


Procedure
1 	Cut off about 5 mm from several root tips of some growing garlic roots using fine scissors. Choose root tips that are white and have a firm, rounded end; tips that are turning brown will give poor results.
2	Put the root tips into a hollow glass block or small sample tube containing 2 cm3 1 M hydrochloric acid for exactly 5 minutes.
3	Put the root tips in a watch glass containing approximately 5 cm3 cold water. Leave the root tips for 4–5 minutes, then dry them on filter paper. Take care – the root tips will be very fragile.
4	Transfer one of the root tips to a clean microscope slide.
5	Gently break up the root tip with a mounted needle (this is called maceration). Add one small drop of toluidine blue and leave to stain for 2 minutes.
6	Cover with a coverslip and blot firmly with several layers of tissue or filter paper. Press gently to spread the root tip, or tap gently on the coverslip with the end of a pencil.
7	View under the microscope (400 magnification) and look for cells with visible chromosomes. If cells are overlapping, squash the slide again between two wads of filter paper. Avoid lateral movement of the coverslip.
8	Look for regularly shaped, actively dividing cells. DNA stains dark blue with toluidine blue stain so you should be able to see blue groups of chromosomes against a paler background.
9	If your preparation is not very successful, repeat with some of the other root tips from step 3. Try to adjust your procedure to remedy the problem; for example, if your cells are over- or under-stained, adjust the time they are left in the stain.

Method 2 Using orcein ethanoic stain
Safety
Wear eye protection, lab coats and disposable gloves throughout.
1 M hydrochloric acid is an irritant. 
Orcein ethanoic stain is corrosive, irritant, causes burns, has an irritating vapour and stains.
Avoid contact with skin. If contact does occur, wash the area thoroughly with water for 
10 minutes. Mop up spillages immediately.
Acetic alcohol is both corrosive and highly flammable. Avoid skin contact.
Always use the fine forceps to move the root tip sample to/from solutions.
Be aware of the risk of using microscopes where direct sunlight may strike the mirror.

	YOU NEED

	Garlic roots
1 M hydrochloric acid
Acetic alcohol (ethanoic alcohol)
Orcein ethanoic stain (acetic orcein)
Ice-cold distilled water
Water bath at 60 °C
2 watch glasses or small sample glasses
Test tube
	2 pipettes (and pipette fillers) or small measuring cylinders
Microscope slides and coverslips
Pair of fine forceps
Filter paper or soft tissue paper
Microscope with magnifications of 100 and 400
Fine scissors


Procedure
1	Put a test tube containing 2 cm3 1 M hydrochloric acid into a water bath at 60 °C.
2	Cut off about 5 mm from several root tips of some growing garlic roots using fine scissors. Choose root tips that are white and have a firm, rounded end; tips that are turning brown will give poor results.
3	Put the root tips in a watch glass containing approximately 2 cm3 of acetic alcohol for a minimum of 10 minutes.
4	Remove the root tips and place them in a second watch glass with approximately 5 cm3 ice-cold water. Leave for 4–5 minutes, then dry the root tips on filter paper. It is important to blot the tips well to remove the water at this stage or a precipitate may form when staining.
5	Put the root tips into the pre-heated hydrochloric acid for exactly 5 minutes.
6	Repeat step 3. Take care – the root tips will be very fragile.
7	Transfer one of the root tips to a clean microscope slide.
8	Gently break up the root tip cells with a mounted needle (this is called maceration). Add one small drop of acetic orcein stain and leave to stain for 2 minutes.
9	Cover with a coverslip, and blot firmly with several layers of tissue or filter paper. Press gently to spread the root tip, or tap gently on the coverslip with the end of a pencil.
10	View under the microscope (×400 magnification) and look for cells with visible chromosomes.
11	Look for regularly shaped, actively dividing cells. DNA stains dark red/black with acetic orcein stain so you should be able to see red/purple groups of chromosomes against a paler pink background.
12	If your preparation is not very successful, repeat with some of the other root tips from stage 6. Try to adjust your procedure to remedy the problem; for example, if your cells are over- or under-stained, adjust the quantity of stain added.
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CORE PRACTICAL 1 revision notes: Investigate the effect of caffeine on heart rate in daphnia
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CORE PRACTICAL 2 revision notes: Investigate the vitamin C content of food and drink.
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CORE PRACTICAL 3: Investigate membrane structure, including the effect of alcohol concentration or temperature on membrane permeability
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	Risk assessment/Ethical Implications


























	Results Table/summarise the trends observed


	Limitations (sources of error)	




























	Biological explanation (use research to help you to interpret your results)









CORE PRACTICAL 4: Investigate the effect of enzyme and substrate concentrations on the initial rates of reactions

	Equipment

























	What are the independent and dependent variables?

	What will you control? (validity)























	Method 


	Risk assessment/Ethical Implications


























	Results Table/summarise the trends observed


	Limitations (sources of error)	




























	Biological explanation (use research to help you to interpret your results)












TOPIC 3: 

CORE PRACTICAL 5: Prepare and stain a root tip squash to observe the stages of mitosis

	Equipment

























	What are the independent and dependent variables?

	What will you control? (validity)























	Method 


	Risk assessment/Ethical Implications


























	Results Table/summarise the trends observed


	Limitations (sources of error)	




























	Biological explanation (use research to help you to interpret your results)
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Common Practical Assessment Criteria (CPAC)*
Teachers must assess student practicals against the following competencies.

Criteria for the assessment of GCE Science practical competency for

logy, Chemistry and Phy:

Competency Practical mastery
In order to achieve a pass, students will need to have
met the following expectations.

Students will be expected to develop these competencies
through the acquisition of the technical skills specified in
Appendix 5 of the subject content for each science
subject: biology, chemistry and physics. Students can
demonstrate these competencies in any practical activity
undertaken throughout the course of study. The

um 12 practical activities prescribed in the subject
specification, which cover the requirements of Appendix
5c, will provide opportunities for demonstrating
competence in all the skills identified, together with the
use of apparatus and practical techniques for each
subject.

Students may work in groups but must be able to
demonstrate and record independent evidence of their
competency. This must include evidence of independent
application of investigative approaches and methods to
practical work.

Teachers who award a pass to their students need to be
confident that the student consistently and routinely
exhibits the competencies listed below before completion
of the A Level course.

1. Follows written a) Correctly follows instructions to carry out the
procedures experimental techniques or procedures.

2. Applies investigative | a) Correctly uses appropriate instrumentation, apparatus
approaches and and materials (including ICT) to carry out investigative
methods when using | activities, experimental techniques and procedures with
instruments and minimal assistance or prompting.
equipment b) Carries out techniques or procedures methodically, in

sequence and in combination, identifying practical issues

and making adjustments when necessary.
©) Identifies and controls significant quantitative
variables where applicable, and plans approaches to take
account of variables that cannot readily be controlled.

d) Selects appropriate equipment and measurement
order to ensure suitably accurate results.
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teria for the assessment of GCE Science practical competency for

logy, Chemistry and Phy:

3. Safely uses a range of | a) Identifies hazards and assesses risks associated with
practical equipment | these hazards when carrying out experimental
and materials techniques and procedures in the lab or field.
b) Uses appropriate safety equipment and approaches
to minimise risks with minimal prompting.
©) Identifies safety issues and makes adjustments
when necessary.

4. Makes and records a) Makes accurate observations relevant to the
observations experimental or investigative procedure.

b) Obtains accurate, precise and sufficient data for

experimental and investigative procedures and records

this methodically using appropriate units and
conventions. n
5. Researches, a) Uses appropriate software and/or tools to process

references and reports | data, carry out research and report findings.
b) Sources of information are cited demonstrating that
research has taken place, supporting planning and
conclusions.

*subject to confirmation in spring 2015 following trialling

Marking and standardisation*

The practical work is assessed by teachers. Pearson will
support teachers in making judgements against the criteria
for assessment.

*subject to confirmation in spring 2015

Malpractice and plagiarism

For up-to-date advice on malpractice and plagiarism, please
refer to the latest Joint Council for Qualifications (JCQ)
Instructions for Conducting Coursework document. This
document is available on the JCQ website: www.jcg.org.uk.
For additional information on malpractice, please refer to
the latest Joint Council for Qualifications (JCQ) Suspected
Malpractice in Examinations and Assessments: Policies and
Procedures document, available on the JCQ website.
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