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IMPROVING SCIENCE EDUCATION 5 – 14 PROJECT

PRACTICAL ACTIVITIES – GENES & INHERITANCE

TEACHERS’ GUIDE

Rationale/Introduction

The activities described are relevant to the attainment target:

· Explain the role of chromosomes and genes in inheritance

The aim is that, by carrying out some or all of these activities, pupils will improve their understanding of the role of chromosomes and genes in inheritance and their significance in a range of aspects of every-day life.  On completion of the activities presented here, pupils should have improved understanding of the physical relationship between cells, chromosomes, genes and DNA.  It is hoped that they will also have developed some awareness that the potential contribution of certain genes in conferring physical characteristics and/or disease most often depends on a number of additional factors and not solely on the presence or absence of that gene.  Through some of these activities, we are also attempting to provide a means by which to raise some social, ethical and moral issues which have arisen and are continuing to arise from scientific developments in inheritance and genetic testing.

Core skills such as critical thinking, problem solving and investigating will be practised.

Some of the activities are designed to reveal pupils’ existing ideas about and understanding of how characteristics (traits) are passed down through generations and to encourage them to think about what they might like to find out.  A karyotyping activity has been included to encourage pupils to think about the role of chromosomes in inheritance and to highlight how changes in chromosome number can be the cause of certain genetic disorders.  This exercise could be used to lead into discussion of prenatal testing and diagnosis and associated issues. Pupils can then go on to look at how they can extract DNA from fruits, a task which should make them consider the location of chromosomes within cells.  In the second practical activity, pupils have an opportunity to carry out the process of gel electrophoresis, the technique which is fundamental to producing a DNA fingerprint or profile.  They should gain some understanding of the use and applications of the technique and of the limitations as to the conclusions which can be drawn from the results of their own experiment.

THE RESOURCES

Six activities have been developed thus far:

Activity 1. Inheritance: Fact or Fiction: a group activity designed to encourage discussion and determine pupils’ prior knowledge

Activity 2. Karyotyping: a chromosome matching activity, using cards or on-line

Activity 3. KWL: ‘What I Know’, ‘What I Want to know’ and ‘What I have Learned’: an activity which could stem from research of newspaper articles/websites

Activity 4. Fruits Full of DNA: a practical activity to extract DNA from fruits

Activity 5. The Wonderful Wizardry of Finding a Gene: a practical activity to determine which genes are possessed by number of different wizards

Activity 6. A Genetic Quandary: an activity designed to raise awareness of some of the issues which surround genetic testing.

A variety of strategies are suggested whereby insights may be gained into:

· pupils' existing conceptions of the scientific ideas which currently underpin the understanding of the role of DNA, genes and chromosomes in inheritance

· the means by which existing mis-conceptions might be challenged

· ways to shift pupils' ideas as a result of learning activities

· ways to encourage pupils to consider some of the societal, ethical and moral issues that arise from the science

On completion of these activities, pupils should be aware:

· of the physical relationships between cells, chromosomes, genes and DNA

· of the scientific basis for the methods of extracting DNA from cells

· that DNA has a long stringy appearance

· that gel electrophoresis is a technique used 

· to separate fragments of DNA of different sizes

· in a variety of applications such as genetic testing and forensic science

· that the presence of a given gene does not necessarily determine that a trait is present – other factors may be involved

· of some of the ethical issues that surround genetic testing

These six activities are linked and we have suggested a teaching order.  Each activity could be used as stand-alone activities and could thus be used to complement other courses.

Activity 1: Inheritance, Fact or Fiction – a sorting game

This simple formative assessment exercise can be used to introduce the inheritance topic. It is a Card Sort activity intended to determine pupils' prior understanding of some of the main concepts of inheritance.  Pupils should work in groups to complete a card sort which asks for simple Fact or Fiction responses. It is not possible to provide evidence for, or challenges to, some of their responses first hand by the practical activities. However, discussion and research through simple texts such as ‘Have a Good DNA’ can provide secondary evidence which should engender interesting debate.

A card sort, especially as a group activity, tends to generate more interest than the conventional, written, pre-tests which may have many 'closed' questions. It is also less threatening than conventional assessment techniques. Activities of this type are more likely to result in pupils revealing what they actually think rather than second guessing the conventional view and so simply telling teacher what they think teacher wants to hear. (What the late Rosalind Driver called "The Name of the Game").

Organisation of Fact/Fiction activity

· Pupils need to work in groups of ~5

· Each group is to have a set of cards

· Each card has a statement(s) about inheritance. Some of these statements are intentionally questionable in terms of the currently accepted science. The idea at this stage is to allow pupils to exhibit any pre-conceptions they may hold (aka "alternative" conceptions or models).







· Each group to have 2 sheets, labelled one of – Fact/ Fiction

· One member of group to show/read out the statement(s) on each card

· The group needs quickly to discuss the statement on the card deciding if its "Fact" or "Fiction" then placing the card on the appropriate sheet.

· There must be no stigma attached to putting cards on the 'wrong' sheet.  

Not all of the statements on cards can be supported or challenged directly by school scale practical work. Teachers might consider the use of other techniques (e.g. DART, active homework tasks etc) to allow pupils to sift secondary sources of evidence such as posters, books and web pages. 

There may be some statements which will stimulate whole class discussion, especially if groups disagree.  For example the statement, ‘If you are involved in an accident and suffer an injury, you will pass it on to your children’, would at first sight immediately be placed in the ‘Fiction’ set, but some pupils may raise the possibility of an accident involving radioactivity in which case it is justifiable to include it in the ‘Fact’.

This type of activity should also assist in getting across more general messages about the general nature of science and that it is not really about immutable facts but is about a changing and always provisional body of knowledge.

Activity 2: Match the chromosomes (karyotyping)

Background

Chromosomes are ‘packages’ of DNA found in the nucleus of a cell.  DNA of over one metre in length is packed into each chromosome.  Genes are sections of the DNA (although not all the DNA is genes) and most genes contain the information to construct a protein.  It is thought that the human genome contains about 30,000 genes.  They are always arranged on the chromosomes in the same order.

Different organisms have different numbers of chromosomes.  The number of chromosomes is specific for a given organism.  For example:

	Organism
	Number of chromosomes

	Cat
	32

	Carrot
	18

	Daisy
	18

	Dandelion
	24

	Goldfish
	94

	Guinea pig
	64

	Horse
	66


The normal number of chromosomes for a human being is 46, made up of two sets of 22 pairs of chromosomes (these are referred to as autosomes) and two sex chromosomes.  Each parent contributes one chromosome to each pair, so children get half their chromosomes from their mother and half from their father.  Males have 22 pairs of autosomes plus one X and one Y chromosome.  Females have 22 pairs of autosomes plus two X chromosomes.  For each pair, genes are arranged in the same order along the length of each of the two chromosomes.  Males thus have two copies of each of the genes that are present on autosomes but only one copy of each of the genes that are present on the X and Y chromosomes.  Females have two copies of each gene.  

Chromosomes are best seen when cells are undergoing or about to undergo cell division (mitosis).  At this time, the chromosomes take on characteristic shapes.  Special stains are used to make the chromosomes more visible.  These stains also give the chromosomes a striped appearance, the manifestation of which depends on the sequence of bases in the DNA.  Each chromosome will display a characteristic banding pattern depending on the stain used.

When a dividing cell whose chromosomes have been stained is examined under a microscope, the chromosomes are scattered.  This is called a ‘metaphase spread’ (metaphase being a stage in mitosis).  The chromosomes can then be sorted into their 23 pairs by matching size, banding patterns and position of the centromere (the area of the chromosome that appears as a constriction).  Images of a metaphase spread and karyotype are included in the pupil resource.

In a karyotype, chromosomes are arranged and numbered by size, from largest to smallest.  Scientists use karyotyping to predict or diagnose genetic disorders such as Down’s syndrome (Trisomy 21) or Klinefelter’s syndrome.

Three karyotypes consisting of different sets of chromosomes are provided in this activity: normal male, Klinefelter’s syndrome and Trisomy 18 (Edward’s Syndrome). The following is provided for each:

· Metaphase spread

· Karyotype template (one of each chromosome in numbered position)

· Set of chromosomes

· Completed karyotype

The aim is to match each of the chromosomes to its partner and to recognise the karyotypes as those of normal male, Klinefelter’s and Trisomy 18.  

For each set, pupils are asked to match the chromosomes by colour pattern and overall size.  Shape should not be taken into account as chromosomes are flexible and so can bend and take on different shapes within the cell.  Although chromosomes of a given pair (e.g. number 4) may demonstrate quite different appearances, these variations do not indicate a genetic disorder. 

For the normal male, 22 of the chromosomes match numbers 1-22.  Of the remaining two, the smaller is the Y chromosome and the larger the X chromosome. Karyotypes for Klinefelter’s syndrome and Trisomy 18 both exhibit 47 chromosomes.  The presence of two X chromosomes and one Y chromosome is indicative of Klinefelter’s syndrome (XXY).  An additional chromosome 18 to give three number 18 chromosomes is called Trisomy 18 or Edward’s syndrome. 

(Web reference: http://learn.genetics.utah.edu/units/disorders/karyotype/karyotype.cfm provides some useful background information on karyotypes as well as the aforementioned genetic disorders).

It is hoped that pupils, on completion of the activity, will be able to relate the presence of an additional chromosome to a specific genetic disorder.  Further discussion and activities could explore the association of genes with inherited traits such as eye colour, height etc.

Organisation of the activity

· Pupils should work in groups of three or four

· Each group should be given a metaphase spread, karyotype template and chromosomes for a single karyotype

· Different groups should be given different karyotypes

· Each group should try to match the chromosomes to those set out on the template and identify the karyotype 

· The class should consider that chromosome anomalies can lead to genetic disorders

· The class could discuss as a whole or in groups, topics such as prenatal testing, prenatal diagnosis and possible implications or issues arising therefrom

This activity, as with others developed to support learning in the Biotechnology Grouping, adds value to that of simply developing knowledge and understanding.  Such activities offer opportunities for the pupils to practise observational and problem solving skills.  A number of the activities may also contribute to Developing informed attitudes.

Alternative Activity

An interactive alternative to the chromosome matching activity is available on-line at

http://www.biology.arizona.edu/human_bio/activities/karyotyping/karyotyping.html
This activity provides pupils with the opportunity to examine three patient histories and complete their karyotypes.  From information provided, the pupils can then make a diagnosis of the genetic condition of each patient.

Activity 3: Inheritance - KWL 

The topic can be continued with a ‘KWL’ activity, in which pupils are given a ‘KWL’ Grid to complete (see below).

K – What I Know

W – What I Would like to know

L – What I have Learned

To stimulate pupils’ interest in this, they could be asked to collect or be provided with headlines and/or articles from newspapers or news bulletins to read prior to completing the grid.  Hopefully, some of the questions which arise may be addressed by the other activities.

The KWL strategy can be used to help build connections between the material which pupils already know and that which they do not know. 
Organisation of KWL activity
Pupils can either work alone or in groups of ~3.  This would also be suitable as a homework activity.  They should read articles/research the web to find articles about DNA, genes, chromosomes and inheritance and complete the ‘K’ and ‘W’ columns. As they work through the topic, they can complete the ‘L’ column.

	K
	W
	L

	What I know
	What I want to know
	What I’ve learned

	
	
	


Activity 4: Practical - Fruits Full of DNA

This practical activity addresses where DNA is found in cells and how it can be extracted.

Background

Pupils are likely to have heard of DNA profiling and may be curious to know more about how DNA testing is carried out.  Before DNA profiling can progress, the DNA must first be extracted from cells.  The method of DNA extraction described in the associated student protocol relies on the same principles as those for extracting DNA from human cells.  Such extractions are carried out routinely for a range of purposes such as genetic testing and forensic analysis.

The DNA must be firstly be released from the nuclei inside the cells and the procedures could help to reinforce prior learning about cell structure. 

The steps in the procedure serve to:

· mechanically break up the cells

· dissolve the cytoplasmic and nuclear membranes

· remove extraneous and contaminating protein

· precipitate the DNA

The aim of this activity is let pupils extract DNA from kiwi fruit or strawberries.  The technique used in this protocol has advantages over some other techniques in that it does not require the addition of protease enzymes as the plant cells themselves release protease from their vacuoles when they are mechanically broken up.  The smell is also much more pleasant than that generated when DNA is extracted from onions (there should also be many fewer tears!) and the red or green colour of the layer of strawberry or kiwi beside the purple of the methylated spirit is aesthetically very pleasing!! The extracted material remains, however, a mixture of pectin and DNA and is more gelatinous than pure DNA which has a very stringy appearance.  DNA can also be extracted from peas when it won’t be so contaminated with complex carbohydrates.

Practical procedure

The practical procedure is very straightforward and does not require the use of mortars and pestles as in many other techniques.  The fruit (a whole strawberry or half a kiwi) is placed in a self-seal polythene bag along with the extraction fluid – a mixture of water, salt and washing up liquid (see Technical Guide for recipe).   The bag is sealed and the fruit inside mashed by hand until there is a mixture of squashed fruit and extraction fluid.  This serves to mechanically break up the cells.  The washing up liquid dissolves the cell membranes and the salt helps keep the correct ionic balance.  The bag is placed in a water bath at 60 (C for fifteen minutes to help further break down the cells and release the DNA, which is soluble in water.

At the end of the incubation period, the mixture is filtered through a simple coffee filter into a boiling tube or test tube until it is about a third full.  This is placed on ice until ice-cold when an equivalent volume of ice-cold methylated spirit or 95% ethanol is added gently by pouring down the inside of the tube.  The aim is to achieve an even interface between the two liquids. DNA is insoluble in the alcohol and strands of DNA can be observed precipitating into the alcohol layer from the interface.  This process can be encouraged by gentle rocking of the tube.

Pupils can pull out the DNA using a plastic inoculating loop which has had a nick removed from the loop.  Unfortunately, you do not get a double helix arising from the mixture as some pupils expect!

Activity 5: Practical - The Wonderful Wizardry of finding a gene

This practical offers pupils opportunity to carry out the technique of gel electrophoresis.

Background

Pupils are likely to have heard of DNA profiling (through and may be curious to know more about how DNA testing is carried out.  DNA profiling or fingerprinting is a way of identifying an individual organism from its genetic material.  DNA Fingerprinting is used in a wide range of applications where knowledge of individual genotypes is advantageous.  It can be used to help solve crimes, to establish relationships whether human (for example in paternity and immigration investigations) or in other animals and plants, to track the evolution and movements of species and to study genetic diversity.  
Gel electrophoresis is a technique used to separate large molecules of the same type within a mixture.  It can be used to separate DNA molecules or DNA fragments of different sizes.  The gel contains pores of different sizes.  When a voltage is applied, the molecules (which have a negative charge) move towards the positive electrode.  Small molecules can move more quickly through the gel than large ones and therefore travel further in a given time.  Molecules of the same size travel the same distance and form a band on the gel.  The bands of DNA themselves cannot be seen in the gel so a blue stain is used to make them visible.  The pattern of these bands is characteristic of an individual and gives the characteristic and familiar ‘DNA Fingerprint’ often seen in the media.

This practical uses standard agar and water instead of the more expensive agarose and buffer, and mixtures of food colourings instead of DNA.  Electricity is supplied from three 9 volt batteries.  Each of the four food colouring mixtures represents chromosome extracts from different wizards and has a green appearance.  When the mixtures are subjected to gel electrophoresis, each separates into a different pattern of coloured bands.  The different coloured bands indicate the ‘magic power genes’ possessed by each wizard.  

The practical makes use of the electrophoresis tanks provided with the ‘Protein Power’ kit which was supplied to all UK state schools through the National Centre for Biotechnology Education (NCBE) in 2003.  Additional tanks can be purchased from NCBE – see Technical Guide for details.

The aim of this activity is that pupils identify the ‘magic power genes’ possessed by four different wizards by subjecting their ‘DNA’ to the process of gel electrophoresis.   Pupils are likely to have come across DNA Fingerprinting and be familiar with the banded patterns produced as a result.  They may also have heard of genetic screening or genetic testing.  Through this practical work, we aim to provide pupils with opportunity to carry out ‘hands-on’ gel electrophoresis by using a non-threatening fun protocol.

Practical procedure

Gels can either be prepared prior to the lesson or be poured by the pupils.  A four-well comb is used with the gels as this gives more lee-way for inexpert technique than the six-well comb.  When set, the gels are covered with water, the comb removed to expose the wells and the four types of ‘wizard DNA’ loaded into the wells using a micropipette from NCBE or an adapted syringe as in the NCBE Protein Power kit.  The wizard DNA contains sucrose to increase its density and so when it is released from the pipette tip, it sinks into the well.  It is important that the tip of the pipette lies below the surface of the water but does not pierce the gel at the bottom of the well.  Should this happen, the wizard DNA will disappear under the gel. 

The carbon fibre electrodes are then placed at either end of the tank and connected by wires and crocodile clips to the batteries.  As the electricity flows, the negatively charged food colouring molecules separate by size as they travel through the gel.  Smaller molecules can move through the gel more easily and therefore travel further in a given time.  Results can usually begin to be seen within ten minutes.

The wizard DNA separates into different coloured bands and the ‘magic power genes’ possessed by each wizard can be identified.  It is important to emphasise that this does not mean that the wizard actually possesses that power, merely that he possesses the gene.

Organisation of the activity

· Pupils should work in groups of four.  

· Each group should have one set of materials.  

· Each pupil can load one well.

· Pupils could record their results photographically.

The gel will take less than half an hour to run during which time the ethical issues scenario, ‘A Genetic Quandary’ could be discussed.

Note: The results of the gel electrophoresis cannot be held over until the next lesson.  Food colouring molecules are of low molecular weight and so that they diffuse through the agar gel fairly quickly causing the bands to dissipate.  This is in contrast to agarose gel electrophoresis of DNA where the stained bands of DNA remain in position in the gel for a considerable period of time. 

The Wizard Gene scenario was originally developed to reflect interest then current in the Harry Potter and Lord of the Rings books and films.  Colleagues have since adapted this protocol successfully for a variety of different scenarios in which they allocated different properties to the coloured ‘genes’.

Activity 6: Issues - A Genetic Quandary

Background information

An accurate genetic test will tell if a disease-related mutation is present in one or more of a person’s genes.  If such a mutation is present, several factors might affect whether the person will actually develop the disease. Nearly everyone with a certain set of genes (the familial adenomatous polyposis) will someday develop colon cancer - unless he or she takes steps to prevent it.  On the other hand, women who carry a different gene (the BRCA1 breast cancer susceptibility gene) have an 80-percent chance of developing breast cancer before they reach the age of 65; their risk is high but it is not certain they will actually get the cancer. 

This scenario describes the attitude to testing for BRCA1 of two young women, each of whose mother has suffered from breast cancer.  One was diagnosed early and she recovered fully.  The other was not diagnosed until the cancer was well advanced and, as a result, she died.  The daughter of the first rejects testing, the other chooses to take the test. The aim of this activity is to encourage the pupils to think about and discuss genetic testing and some of its implications.

Organisation of the activity
· Pupils should work in groups of four or five.  

· One person should read out the background information in the blue box.  

· The card should then be turned over.  

· One person should read the information in the pink oval.

· Different members of the group could read the parts of Kylie and Posh.  

· The group should then discuss the scenario.  Questions on the first side of the card could be used as prompts to start discussion.

It is important that pupils appreciate that it is acceptable for different people to have different viewpoints and that there are no ‘right’ answers.
References
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A few useful websites: some of these have excellent links
http://gslc.genetics.utah.edu/: Genetic Science Learning Center at the Eccles Institute of Human Genetics The University of Utah 

http://gslc.genetics.utah.edu/units/disorders/karyotype/: What Can Our Chromosomes Tell Us?

http://www.bioethics-today.org/Oxford/humanmain.htm: Bioethics Today - An Electronic Bioethics Resource for the United Kingdom
Interactive chromosome matching activity and genetic disorders:

http://learn.genetics.utah.edu/units/disorders/karyotype/karyotype.cfm
http://learn.genetics.utah.edu/units/disorders/karyotype/karyotypeinfo.cfm 

FISH painted chromosomes:

http://math.berkeley.edu/~sachs/sachsresearch/papers0102/jcb/Image9.jpg
Details on the supply of all of the resources for the practical work are appended to the Technical Guide for this pack.
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