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As explained on our droso4schools website, the fruit fly Drosophila melanogaster has been at the forefront of biological research for more than 100 years. It has become the animal with the best conceptual understanding of fundamental biology. Accordingly much of the core biology curriculum can be explained extremely well using flies – with exciting, simple and inexpensive experiments that are memorable, reflect contemporary research and provide students with clear comprehension.

This lesson plan and adjunct materials demonstrate a simple, enjoyable practical for KS3 students. Students examine the relationship between ageing and mobility using Drosophila. Old and young flies are knocked to the bottom of their respective tubes in front of a climbing wall. After 15 seconds a picture is taken allowing students to score the respective mobility of each fly. Students plot this data whilst the teacher draws each student’s data into a custom made Excel spreadsheet. Individual plots can then be compared to the plotted cumulative data, making the importance of sample size unmistakably clear. 

This lesson develops’ students data analysis skills. These skills include their ability to appropriately organise experimental data into tables and graphs, interpret trends in data, and show a better understanding of the importance of sample size. The climbing assay is being actively utilised in contemporary research to understand the mechanisms of ageing and neurodegeneration. It therefore allows students to appreciate the fundamental importance of these skills for real-world research, and suitable explanations are provided in the lesson which also introduce to concepts of ageing and neurodegeneration. Furthermore, online support material for this lesson is being provided on our droso4schools website, and can be used to enhance the learning, to revise contents, or to set homework task.   
Content

1. Background information and explanations of the lesson
2. Practical instructions
3. Risk assessment

6. Lesson plan

4. Two Activity Sheets
5. Homework Sheet
1. Background information and explanations of the lesson

This section is intended to provide the teacher with additional information salient to the lesson. It provides the teacher with the necessary information to feel comfortable fielding more general questions about the lesson from students. Essential information is also provided below slides of the attached PowerPoint presentation, whilst pedagogical cues are provided in the attached lesson plan (section 2). In order to understand how and why the fruit fly has become so important to research, please watch this video. Further information and resources can be found on the site of the Manchester Fly Facility.
Sexing flies
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Fi ia for gender selection
Images show females (1op) and males (bottom): lateral whole body view (1 column), a magnfied view of
the front legs (2™ column), dorsal view (3 column) and ventral view (4" column) of the abdomen. Only
males display sex combs on the first pair of legs (black arrow heads). Females are slightly larger and
display dark separated stripes at the posterior tip of their abdomen, which are merged in males (curved
‘arrows). Anal plates (white arrows) are darker and more complex in males and display a pin-fike extension
in females. The abdomen and anal plate are stil pale in freshly eclosed males and can be mistaken as
female indicators at first sight. Photos are modified from (1] and [30]. During a very short period after
edlosion, flies display a visible dark greenish spot in their abdomen (meconiur, not shown) which can be
taken as a secure indicator of female virginity even if fertile males are present

3.2 Performing crosses

To perform crosses, females and males that carry the appropriate genotypes are carefully selected
and transferred into one vial for mating (Box 5). Some aspects need consideration:

« Males and females need to be distinguished using the criteria explained in Figure 4.

« Selected females have to be virgin, i.e. selected before they are randomly fertlised by sibling
males in their vial of origin. To select virgins, choose vials containing many dark mature pupae
from which adult fies are expected to eclose. To start the selection procedure, discard all flies
from the vial and thoroughly check that all eclosed flies (including those that transiently stick to
the food or walls) have been removed or otherwise eliminated. The key rationale of this

procedure is that freshly eclosed males remain sterile for a period of several hours and will not
court females. Hence, after clearing vials, all females eclosed within this period will be virgin.
This period lasts for 5-8 hrs at 25°C, about double the time at 18°C, and considerably longer at
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The ability to discern between male and female Drosophila is a daily requirement in fly laboratories to perform genetic crosses for experimental purposes. Females are typically larger than males and possess serrated black stripes on their abdomen, whereas these stripes are merged into a continuous black patch in males (curved arrow). Furthermore, males have a larger and darker genital plate (white arrow) and carry a patch of bristles, termed sex combs, on their front legs which are used to hold onto the female during courtship. 

Drosophila as a model organism.

Drosophila is an important pillar in the process of scientific discovery with over 100 000 scientific publications. It is the model organism behind 7 Nobel laureates in Physiology or Medicine.  But why did the fruit fly become so important to research? Show the video to students and then see how many questions they can answer (for weaker students it might be favourable to show the questions beforehand).
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Answers: (1) Drosophila melanogaster, (2) 5, (3) equatorial Africa, (4) second half of the 19th century (~1870), (5)Thomas Hunt Morgan, (6) Population of London, (7) 25 days, (8) true.
To emphasise the idea of using model organisms in research, the Pax6 gene example can be given. Thus, it was found that Pax6 is required in Drosophila to induce eye formation. The same gene is affected in certain patients with degenerate retina and mouse mutations of the Pax6 gene cause the same eye phenotype. By bringing the mouse Pax6 gene into flies lacking the fly version of this gene, normal eyes can be restored clearly indicating the evolutionary conserved role. This applies to many other examples, since 75% of human disease genes have an equivalent in Drosophila.
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Whenever possible, it can be highly advantageous to first study the function of genes in fly, because research in flies is cost effective, they take less space to keep in laboratories, they breed quickly (ideal for genetic experiments), there are less legal and ethical issues, and results can then be translated into research on higher organisms or humans. For example, ask yourself at the end of this lesson how you would carry out a mobility assay in mice and what this might involve (e.g. when thinking of sample numbers). 
Having explained these principles, it should now be easier to appreciate the relevance of the final part of the film by recalling "at least 7 areas of research that fruit flies contribute towards": Cancer, Evolution, Stem Cells, Germ Cells, Sleep, Ageing, Disease, Physiology, Nutrition, Neurodegenerative disease…
Introducing and performing the experiment
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It is now easy to lead over to the problem of ageing and the fact that Drosophila is used in ageing research. Ask the students to examine the relationship between mobility and ageing. Most will find it easy to point out that our ability to run fast, jump high and lift heavy objects is diminished as we age. Students can now test whether flies show similar ageing symptoms by performing a climbing assay comparing the mobility of old versus young flies. (the attached practical to this lesson). 
In short, the climbing assay involves knocking  5-7 week old and 1 week young flies to the bottom of their respective tubes in front a climbing wall. After 15 seconds a picture is taken to document how high flies have climbed. Individual data and/or joined data across the course are plotted on graph paper or in an Excel sheet, which should demonstrate that mobility decreases as the flies age. For more information on how to perform this practical see section 3.

Drosophila in the study of ageing and neurodegenerative disease.
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So why do we see this relationship between ageing and mobility? Our musculoskeletal system (bones, joints, tendons, ligaments and most importantly muscles) degenerates as we age, limiting strength and flexibility. But why do some young people have mobility issues? Individuals may suffer from disease or injury induced disorders of the musculoskeletal system (e.g. muscular dystrophy) but also of the nervous system (e.g. spinal cord injury, or Parkinson's disease). Professor Hawking suffers from motor neuron disease (MND) where the primary cause lies in the nervous system not the muscles. 

To illustrate this, ask the students to decide to bend their arms: the decision is taken in the brain, this information is passed down via nerve impulses to the spinal cord and then down the nerves to the bicep muscle which contracts. The cellular elements mediating this information relay are upper and lower motor neurons which send action potentials along their cable-like extensions called axons. But what happens if these neuronal connections are damaged or lost? Commands can no longer be passed on to muscles and, in MND, this leads to progressive loss of muscle activities including gripping, walking, speaking, swallowing and eventually breathing. From the time of diagnosis, the average life expectancy can be as short as 3 years. Notably, we still don’t fully understand how or why neurons die early. 

Drosophila is playing an important role in understanding how neurodegenerative conditions like MND work. Fruit flies have motor neurones just the same as humans. Through modern gene/transgenic technology we can insert human genes associated with MND (e.g. SOD1) into the fly genome, which then causes a progressive loss of motor neuron function. These flies perform significantly poorer in the climbing assay as show by Watson et al in 2008. These climbing assays can be thus be used to screen huge numbers of mutant flies for genes relevant to neurodegenerative conditions such as MND! (Consider performing this in mice!). 

Note that another example of Parkinson's Disease research in flies is given in the Powerpoint which is explained in the notes below the slides.
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Left: Motor neurons in the ventral nerve cord (equivalent to spinal cord) in Drosophila. Right: Graph showing climbing ability of hSOD1-expressing flies (orange) compared to wildtype (blue; Watson et al., 2008, J Biol Chem 283, 24972ff.)

Lies, damned lies and statistics

The data the class generates from the climbing assay can be collated into a custom made Excel spreadsheet. This provides complementary activity to plotting individual data on graph paper, and gives more scope to develop the classes data analysis skills. It also allows the class to calculate the mean/best estimate for each height segment, identify outliers and include range bars. When comparing their individual plots to the class, data students will note that it is easier to identify the trend in the pooled data set, and that this trend fits the original hypothesis (whereas individual plots may show no correlation between age and mobility). This makes unmistakeably clear the power of sample size, and its importance to having confidence in the conclusions you may draw from your data. 

Whilst we can examine trends in graphs to determine a relationship between two variables, how do we know for certain that this relationship is an accurate reflection of natural phenomenon or simply down to chance? We must use statistics! In this case we use a t-test (included in the custom made Excel file) which produces a p-value; this value helps determine the significance of results (whether a difference is ‘real’ or down to chance). A p-value is between 0 and 1 and effectively determines the validity of the null hypothesis ("There is no relationship between ageing and mobility"). 

· A small p-values (<0.05) indicates strong evidence against the null hypothesis, so you reject the null hypothesis (and accept the alternative hypothesis – that mobility is reduced with age)
· A large p-value (>0.05) indicates weak evidence against the null hypothesis so you can not reject it.
· A p value close to 0.05 is considered marginal.

2. Practical instructions
Preparation of climbing assay:

· Age wild type Drosophila melanogaster for 6 weeks at 25°C in standard fly food vials
. To prevent flies getting stuck in the food, have a strip of filter paper in the vial for flies to climb on, and transfer flies to fresh vials every 2-3 days.

· Use ether, a short period in the freezer or a CO2 pad to anaesthetise flies
 and transfer 10 flies to an empty plastic vial using a small paint brush or pooter
. Attach the open end of the vial to a second vial to create one long enclosed tube and secure the tubes with sticky tape (curved arrow in image). 

· Use the same methods to prepare a second tube, but this time containing 10 young flies eclosed during the last 1-3 days.   

· Mark the top of the tube containing aged flies to distinguish them from the newly hatched flies.

· Join the two tubes in parallel and hold them together with sticky tape at the top and bottom (arrow heads).

· Print a copy of the Fly Climbing Wall (page at the end of this section) and glue it onto an appropriately sized cardboard tray or lid. Place a weight behind the tray to hold it upright.

Performing the climbing assay:

· See the short film "KS3-ClimbingAssay-Film.wmv" (part of this package
) demonstrating how this experiment is done.

· Knock the flies to the bottom by tapping the tubes firmly down and then leaving them standing upright, directly in front of the climbing wall. Immediately, start the timer.

· After 15 seconds take a photo of the tubes. Ensure that the camera is on same height as the tubes, so that bottom/top of the tubes is in line with the bottom/top line of the climbing wall and the team/station number is clearly visible.

· Print copies of all photos and let each team count the numbers of flies per vertical section of the climbing wall, counting new and aged flies separately.

· Each team plots their individual data on graph paper.

· In parallel, data of all groups are entered into a custom-made Excel spreadsheet ("KS3-ClimbingAssay-stats.xls"; part of this package). If this process is projected onto a screen, students will see how the cumulative bar charts/curves gradually develop. 

· Compare the individual graphs to the cumulative plots of single groups and discuss the fundamental importance of sample numbers.

· Use the results to discuss aspects of ageing or neurodegeneration (PowerPoint provided on request), i.e. two examples of research areas in which climbing assays are being used. 


	LESSON PLAN

NAME
: 

SCHOOL:


CLASS :  
         PERIOD :   
                    DATE : 

	N.C. / SUBJECT SPECIFICATION REFERENCE :       

KS3 Biology: Data analysis

LESSON AIM :

To recap and develop Students’ data analysis skills.

	PUPILS’ PRIOR KNOWLEDGE

Ability to organise data into tables and graphs. Interpret and describe trends in data.


	MISCONCEPTIONS

	LESSON OBJECTIVES :

1. To learn how to organise data into tables and graphs.

2. To learn how to interpret and describe trends in data.

3. To gain a better understanding of the importance of sample size (and how it relates to confidence in data and interpretation of that data).

	LEARNING OUTCOMES AND DIFFERENTIATION :

All pupils will have learned fundamental skills: 

Organise data into tables and graphs. Interpret and describe trends in data.

Most pupils will have gained understanding:

They will show a better understanding of the importance of sample size and how it relates to confidence in data and interpretation of that data.
Some pupils will have gained transferable skills:

Demonstrate an ability to design experiments with consideration towards repeatability, reproducibility and reliability. 
	ASSESSMENT OF OUTCOMES :

Individual questioning throughout the lesson.

Plenary to apply to a multiple stage situation.

Mark graphs during class and homework sheet.



	INDIVIDUAL PUPILS (SEN, GIFTED AND TALENTED ETC.):



	RESOURCES* :

Students work in groups of 2-3, each group requiring the following; two empty plastic vials taped end to end containing 10 young flies (1-3d old), two empty plastic vials taped end to end containing 10 old flies (5-7w old). One free standing fly climbing wall and graph paper *See attached practical preparation document
	SAFETY ISSUES/ RISK ASSESSMENTS/ COSHH etc. :


See attached Risk Assessment.

NUMERACY/LITERACY Opportunities and links :

-

KEY VOCABULARY :

Drosophila melanogaster/Fruit Fly

Reliability/Reproducibility/Repeatability

Mean/Range Bars/Outlier

Sample/Sample Size

Neuron/Nerves
Neurodegeneration/Neurodegenerative diseases/Ageing
Motor Neurone Disease



	TIME
	PUPIL / TEACHER ACTIVITY and KEY QUESTIONS

	0-5

5-8

8-10

10-15

15-20

20-22

22-40

40-55

55-60
	TEACHER ACTIVITY

Pupils enter.

Starter Task: Elicit answers from students. What are they? (Fruit) Flies? How are they different? Size and Colouring. Explain that they are male and female Fruit Flies. Have them guess which is which.

(Tip: this is a useful opportunity to remind them of insect anatomy – 6 legs, head, thorax and abdomen)

Direct students to write down title, date and lesson aims.

Explain that today we are going to do a short practical experiment using Fruit Flies and that the following video is a brief introduction into what Fruit Flies are and how they are used in research. Explain that after the video you will ask them a few questions about what they have just seen. (Tip: for lower sets/weaker classes give them a couple of minutes to read the questions first before watching the video)

Show students the questions, put them in threes and give them a couple of minutes to discuss answers. Feedback as a class.

Ask students why Fruit Flies might be useful in research. Elicit from them the idea that they are small, cheap and breed rapidly. This allows researchers to perform large scale experiments. Importantly they are comparable to humans (genetic homology – we share many of the same genes – and common organisational structures) therefore research in flies informs us of the human condition. Importantly flies aren’t the object of research, but the research tool – so that we may understand humans/human diseases. (Compare flies to a Bunsen burner or a pipette!)
Explain that we are going to examine the relationship between mobility and ageing using Fruit Flies. Elicit some ideas from students about what happens to our ability to move as we get older (Can we run as fast, Jump as High, Lift Heavy things). 

Students perform practical as detailed in the attached sheet.

Ask the students why we lose mobility as we get older? Introduce or elicit the idea that as we get older our muscles deteriorates. Why do some young people have mobility issues? Show them the picture of Stephen Hawking, point out that he can’t move but his muscles aren’t the problem? Elicit the idea of brain, nervous system and/or spinal cord controlling our muscles. 

Briefly introduce the nervous system and the idea of electrical signalling being the means by which the brain communicates with the body. What happens if the nerves/neurones that control our muscles (motor neurones) are lost or damaged? Paralysis; effectively this is MND.
Use MND as an example of a neurodegenerative disease and explain how Fruit Fly research is being utilised to understand, and ultimately cure, it.

Plenary task provides student feedback about the lesson. Set homework and explain the traffic light system, a useful method to gauge how age appropriate the task is.
For homework email the students the custom made excel sheet and have them input their individual data scores and then email you back the excel sheet. Once you have all the class data stored in one excel sheet email it to all the class so that they may complete the homework task.
	PUPIL ACTIVITY

Pupils enter, examine starter task whilst they settle.

Answering questions regarding the starter task.

Students write down title, date and lesson aims.

Students watch video. 

Students quietly discuss in threes answers to the questions. Students provide answers to questions as a whole class.

Students provide answers at prompting. Students display understanding via correct responses to concept check questions.

Students perform practical in pairs. Students take pictures using their phones.
Students provide answers at prompting. Students display understanding by providing correct answers to concept check questions.

Students write homework in their planner and answers to plenary on paper to be handed in and returned to Fly Facility.




	LESSON EVALUATION SHEET



	Outcomes

	Which learning outcomes did the pupils achieve?

	How do you know these outcomes were achieved?

	Which learning outcomes did the pupils not achieve?

	What action would you take next time you taught this lesson to ensure that unachieved outcomes are addressed?

	Processes

	What teaching and learning strategies did you use?



	Which of these worked well?

	If you taught this lesson again, what would you change?


What is the scientific name for Fruit Flies?


How many Nobel prizes have Fruit Flies contributed to?


Where did Fruit Flies originate from?


When did Fruit Flies supposedly enter America?


Who used Fruit Flies to first demonstrate a link between Mutation, Genes, Chromosomes and Inheritance?


How many flies can you keep on a few lab trays?


How quickly do flies become ‘Grandparents’?


True or False – Humans and Fruit Flies share many of the same genes.








�  How to get fly food: � HYPERLINK "http://www.flyfacility.ls.manchester.ac.uk/documents/Manchester%20Fly%20Food.pdf" �www.flyfacility.ls.manchester.ac.uk/documents/Manchester%20Fly%20Food.pdf�


�  For further fly handling tips, see here: � HYPERLINK "http://www.otago.ac.nz/genetics/otago038337.pdf" �www.otago.ac.nz/genetics/otago038337.pdf�


� How to make a pooter: � HYPERLINK "http://files.figshare.com/1939330/PootersForDrosophilaGenetics_3.pdf" �files.figshare.com/1939330/PootersForDrosophilaGenetics_3.pdf�


� Package can be downloaded at: � HYPERLINK "http://dx.doi.org/10.6084/m9.figshare.1352064" ��dx.doi.org/10.6084/m9.figshare.1352064�





If you find this resource helpful, please, let us know via an informal email to Andreas.Prokop@manchester.ac.uk

