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PAG12 Research skills
12.2 Genetic crosses in fruit flies and their statistical analysis

Genetic crosses in fruit flies and their statistical analysis				TEACHER/TECHNICIAN	Notes for all OCR PAG activities
· These practical activities are not controlled assessments, do not need to be carried out under exam conditions and can take place as part of normal teaching and learning.
· Students can collaborate during the activities but each student must individually demonstrate competence in each of the practical skills being assessed (see Practical Skills below). 
· It is possible for a student to achieve some but not all of the practical skills involved in an activity (and this can be recorded as individual skills achieved or not achieved in the OCR PAG Tracker).
· The practical activities can be adapted by the Centre to make use of the materials and equipment available in the Centre. If adaptations are made to this practical, please be aware that this may affect the practical skills and/or assessment criteria covered. 
· Centres are free to carry out alternative practical activities to fulfil any of the required practical skills / assessment criteria (see below for those covered in this practical activity).
· Centres should trial each activity before giving it to students. 



Introduction
This is an opportunity for students to show that they can plan and carry out a short investigation into the results of genetic crosses. It does not need to be long or ambitious but it does require students to do some background research and produce a suitable method rather than follow pre-prepared instructions. Students should be given the opportunity to decide which crosses to set from the small range of mutant stocks provided.

Aims and skills covered
· To plan and carry out an investigation into the inheritance patterns of alleles of two or more genes in the fruit fly Drosophila melanogaster.
· To select and carry out a statistical test on the resulting data.

Intended class time
· 3 - 4 hours spread over 3 weeks

Practical Skills
· 1.2.1 (a) Apply investigative approaches and methods to practical work
· 1.2.1 (b) Safely and correctly use a range of practical equipment and materials 
· 1.2.1 (d) Make and record observations/measurements 
· 1.2.1 (e) Keep appropriate records of experimental activities 
· 1.2.1(f) Present information and data in a scientific way 
· 1.2.1 (g) Use appropriate software and tools to process data, carry out research and report findings
· 1.2.1 (h) Use online and offline research skills including websites, textbooks and other printed scientific sources of information
· 1.2.1 (i) Correctly cite sources of information
· 1.2.1 (j) Use a wide range of experimental and practical instruments, equipment and techniques appropriate to the knowledge and understanding included in the specification
· 1.2.2 (a) Use of appropriate apparatus to record a range of qualitative measurements
· 1.2.2 (h) safe and ethical use of organisms to measure: (i) plant or animal responses, (ii) physiological functions
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Links to the specifications
Biology A
· 6.1.2 (b)(i) Genetic diagrams to show patterns of inheritance
· 6.1.2 (b)(ii) The use of phenotypic ratios to identify linkage (autosomal and sex linkage) and epistasis
· 6.1.2 (c) Using the chi-squared test to determine the significance of the difference between observed and expected results

Biology B
· 5.1.1 (a) Patterns of monogenic (monohybrid) inheritance
· 5.1.1 (e) The use of model organisms to investigate patterns of inheritance

Mathematical Skills (these will vary depending on the investigation but are likely to include):
M0.3 Use ratios, fractions and percentages
M1.3 Construct and interpret frequency tables and diagrams, bar charts and histograms
M1.9 Select and use a statistical test
M3.1 Translate information between graphical, numerical and algebraic forms

Chemicals
	Label 
	Identity 
	Hazard information 

	Ethoxyethane 
	Ethoxyethane (diethyl ether)
	[image: ] Extremely flammable. The liquid vaporises very readily and the heavy vapour may spread over a long distance and ‘flash back’ from a source of ignition. Do not use in the same room as
naked flames, (eg, spirit burners, Bunsen burners).

Harmful if swallowed.
[image: HSE warning symbol]Harmful if inhaled at high concentration.




Equipment available (per group)
These are suggestions. Teachers should consider what equipment to make available to the students within each centre.
· True-breeding stocks of fruit flies with mutant alleles for various genes
· Stock tubes containing cornmeal food and sealed with foam bungs
· Etherisers
· Ethoxyethane
· White tile
· Paintbrush
· Hand lens
· Low power binocular dissection microscope




Health and Safety
· Health and safety should always be considered by a centre before undertaking any practical work. A full risk assessment of any activity should be undertaken including checking the CLEAPSS website (https://www.cleapss.org.uk).
· Ethoxyethane is extremely flammable so ensure there are no naked flames in the room. The liquid vaporises very readily and the heavy vapour may spread over a long distance and ‘flash back’ from a source of ignition. Work in a fume cupboard when transferring from the stock bottle to smaller containers. Provide ethoxyethane in small screw-cap bottle for the students to use and ensure the lids are kept on when not in use.
· Ethoxyethane is harmful if inhaled at high concentrations so ensure the room is well ventilated or work in fume units when etherising flies.

Notes
· The students will need to carry out some research for this experiment. Access to a computer, textbooks and other sources of information should be available.
· Although the total amount of lab time necessary is not very great, this activity will spread over several weeks since it will require at least two generations of flies (to create doubly heterozygous offspring from the true-breeding parent stocks and then to obtain the offspring resulting from breeding between the double heterozygotes).
· True-breeding fruit fly stocks will be required. Blades Biological stock wild type flies as well as several suitable mutants including white, ebony, scarlet and vestigial. Philip Harris have true-breeding stocks as well as the option to have females and males segregated or some crosses already set.
· Students will need familiarising with the appearance of the wild type and mutant phenotypes for each different stock. Students will also need to be able to distinguish male flies from female flies. There are some useful resources online that could be used to inform and support teacher guidance to students or for students to read for themselves:
· https://www.g3journal.org/content/3/2/353.full
· https://www.biologycorner.com/fruitflygenetics/
· As an alternative to ethoxyethane it is possible to immobilise the flies for sorting and scoring by cooling. Instructions can be found here: https://bioone.org/journalArticle/Download?fullDOI=10.1662%2F0002-7685(2007)69%5B77%3ATTHOOA%5D2.0.CO%3B2 One approach to this activity could be to use the gene white (on the X chromosome) for a demo breeding experiment to illustrate sex linkage and give students experience in handling and identifying the flies. Students could then be provided with two (or more) stocks carrying autosomal gene mutations and use their own breeding experiment to determine whether these two genes are on the same chromosome or not.
· The different ways of referencing and citing sources of information should have been discussed prior to undertaking this activity.
· Students could work in groups of 2 or 3 and rotate the roles of setting up the crosses, moving the parents to fresh tubes and collecting and scoring the resulting offspring.
· It is expected that students will choose to cross-breed two mutant stocks in the parental F0 generation to create doubly heterozygous flies (the F1 generation) and then interbreed these to produce the F2 generation for scoring. If so the chances of successful, uncontaminated, breeding can be greatly increased by two procedures. Students could be directed to do these things and/or assisted with them, without removing the necessary planning and experimental design required for this ‘research skills’ activity:
· Carefully and stringently gather virgin F0 females for the initial cross. If this is done properly then all the F1 flies will be double heterozygotes
· Remove the F0 parents from the tube well before the F1 flies appear. That way when the F1 flies do appear, their only possible breeding partners are the other F1 doubly heterozygous flies (which is the intended cross). They will of course need to be moved to a fresh tube to lay their eggs but at least it is not necessary to stringently ensure virginity of the females.

Answers to extension questions
Answers to the extension questions on student sheet are available on Interchange in the Science Coordinator Materials area. 

Records
As evidence for the Practical Endorsement:
· Students should not need to re‐draft their work but rather keep all their notes as a continuing record of practical activity.
· Students should have:
· researched the loci of various genes in fruit flies to identify pairs of loci that might show autosomal or sex linkage
· developed and carried out a short experiment investigating the linkage of at least two genes
· applied a statistical test to their results
· written this experiment up as a short investigation, including introduction, aim, hypothesis, procedure, results, conclusion and evaluation. References should be clearly cited.

In preparation for the indirect assessment of practical skills in the written examinations, and to help students develop their understanding of the underlying biological theory, students should answer the extension questions and ensure that their data are recorded appropriately, for example the correct format of tables, graphs, units and significant figures.


Document updates
V1.0	17 June 2016		Original version
V1.1	31 May 2019		Additional of practical skill 1.2.2(h) safe and ethical use of organisms
[bookmark: _GoBack]V2.0         17 Feb 2020   	Answers removed from teacher document and added to separate file on Interchange. Updated links. 


This document may have been modified from the original – please check the master version on the OCR qualification page if in doubt.
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