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IMPROVING SCIENCE EDUCATION 5 – 14 PROJECT

PRACTICAL ACTIVITIES – GENES & INHERITANCE

TEACHERS’ GUIDE

Introduction

The activities included here cover the Attainment Target ‘LT-F1.3: Explain the role of chromosomes and genes in inheritance’
A summary list of the activities is provided below.  Each of the activities is described in greater detail on the following pages. 
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.

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

This is a card sort activity.   A set of materials for a pupil group consists of twelve small laminated statement cards and A4 ‘Fact/Fiction’ selection cards.

These fourteen cards are provided as a word file (1.Inheritance - fact or fiction).  They should be printed out, in colour if possible.  These sheets should be laminated and the cards cut out for sorting by the pupils.

Each set of cards including the Fact/Fiction titles can be kept in an A4 self-seal polythene bag.

One set should be provided per 4 – 5 pupils.

Activity 2: Match the chromosomes (karyotyping)

This is a matching game in which chromosomes on small cards are paired with chromosomes on an A4 card to make a karyotype.

Materials are provided as three Word files (2a Normal male, 2b Klinefelter, 2c Trisomy 18), one for each of normal male, Klinefelter’s syndrome and Trisomy 18.  Each file consists of four similar A4 pages:

	Page
	Karyotype
	Instructions

	
	Normal male
	Klinefelter’s
	Trisomy 18
	

	1. 
Metaphase spread
	46 chromosomes
	47 chromosomes
	47 chromosomes
	Laminate

	2. 
Karyotype template
	22 autosomes

24 blank boxes
	22 autosomes

24 blank boxes
	22 autosomes

24 blank boxes
	Laminate

Place a small piece of sticky-backed Velcro on to each blank box

	3. 
Completed karyotype 1
	22 pairs

1 X chromosome

1 Y chromosome
	22 pairs

2 X chromosomes

1 Y chromosome
	21 pairs

1 triple chrom 18 

1 X chromosome

1 Y chromosome
	Laminate

Cut out chromosomes in boxes

Place a small piece of sticky-backed Velcro, (complementary to that above) on to the rear of each cut-out box

Store chromosomes together in small container 

	4. 
Completed karyotype 2 (answer sheet)



	As above
	As above
	As above
	Laminate

Keep separate from pupil pack (1, 2 and 3 above)


Two complete sets of materials (i.e. 2 x 12 pages) should be enough for a class of twenty pupils.

Note that it is essential that the printouts for each karyotype set should remain separate.

One complete set of materials (i.e. covering all three karyotypes) will be enough for 10 – 12 pupils.  These pupils can be placed in groups of three or four each of which can work on a single karyotype.

Activity 3: Inheritance - KWL 

This could be provided to the class as an activity sheet which could be laminated and used with water soluble felt-tip pens so that it may be wiped clean easily.  It is provided as a Word file (3.DNA - KWL).  This should be printed in colour and laminated.

Activity 4: Practical - Fruits Full of DNA

Per group

Ripe kiwi fruit (½) or strawberry 

50 cm3 extraction solution (made from salt, washing up liquid and water – see recipe below)

Self-seal plastic bag

Beaker

Beaker ½ full of ice

Filter funnel

Coffee filter

Methylated spirits

Boiling tube

To share

Water bath at 60 (C
Preparation of extraction solution 

The instruction card for Activity 4, to be printed and laminated, is provided as Word file, (4.DNA extraction).  Dissolve 3 g salt in 100 cm3 water and gently mix in 10 cm3 washing up liquid.

If time permits, students can carry out this stage in the classroom.  It is useful for them to see that familiar household materials can be used to extract DNA.

Note that the ‘DNA’ samples from Kiwi fruit or strawberry will be heavily contaminated with pectin.  Onions or peas may also be used when a less contaminated sample may be obtained (see www.ncbe.reading.ac.uk).   The extraction procedure is more complex and, in the case of onion, far less pleasantly perfumed!

References

http://www.jic.ac.uk/corporate/media-and-public/diy-dna.htm
http://carnegieinstitution.org/first_light_case/horn/DNA/berrydna.pdf
Activity 5: Practical - The Wonderful Wizardry of finding a gene

Per group
4 different green chromosome samples

Micropipettor

Micropipette tips

Black card

Carbon fibre electrodes

Set of +/- electrical leads

3 x 9 v batteries

Discard jar



Electrophoresis tank containing agar gel covered with water

Preparation

The instruction card for Activity 5, to be printed and laminated, is provided as Word file, 5.Wizard genes.  Dissolve 3 g salt in 100 cm3 water and gently mix in 10 cm3 washing up liquid.

Gels

Gels can be made in advance for the students.  Each gel will require about 16 cm3 of molten agar.  

1.
Make up a 3% w/v solution of agar in a stoppered flask and heat on a hotplate stirrer or boiling waterbath until the agar melts and the solution goes clear.

2.
Cool agar to 60 (C 

3.
Meanwhile slot the combs into electrophoresis tanks and place on a level surface.

4.
Pour the molten agar into the centre of each tank so that it flows between the teeth of the comb.  The agar should be about 5 mm thick (so that its surface is level with the plastic ridges which form the end channels).  Try not to pour agar into these end channels (if it does it can be scooped out later when the agar has set).

5.
Leave the gels to set and then remove the combs gently.

6. 
Cover the gels with water to stop them from drying out.  Top up the water level, if required, when the gels are to be used.

Gel tanks and related equipment may be purchased from the National Centre for Biotechnology Education (NCBE), Reading.

An Electrophoresis Base unit consisting of eight gel tanks, eight 4-tooth combs, eight 6-tooth combs, eight pairs of wires with crocodile clips, eight microsyringe dispensing units, costs £52.00 (February 2007).  For full price list, see:

http://www.ncbe.reading.ac.uk/NCBE/MATERIALS/PDF/Price07.pdf
Green chromosome samples (Wizard DNA)

This is made from liquid food colourings which have had sucrose added to them to help the samples sink into the wells.  

Note: colours may vary depending on brand or shade of food colouring.  We used Green, Blue, Yellow and Black colouring.

1.
Add 3 g sucrose to every 5 cm3 dye required and dissolve (for 10 groups you will require a total of 12.5 cm3 green; 5 cm3 blue; 2.5 cm3 yellow, 1 cm3 black food dye).

2.
Make up samples in labelled tubes as follows:

	Tube label
	Food colourings

	F
	Green

	W
	1 blue : 1 yellow

	C
	1 green : 1 black

	P
	1 blue : 1 green


3.
Aliquot 0.5 cm3 samples into small labelled tubes for the students.

We have tried several different brands of food colouring and found that they all produce satisfactory separation when undergoing gel electrophoresis as described in the practical.
Activity 6: Issues - A Genetic Quandary

In this activity, pupils use the information on the activity card as a stimulus for discussion.  The activity card is provided as a Word file (6.Genetic quandary) that contains two pages which should be printed back-to-back in colour and laminated. 
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