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Exam tips


Advice on key points in the text to help you learn and recall content, avoid pitfalls, and polish your exam technique in order to boost your grade.
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Knowledge check


Rapid-fire questions throughout the Content Guidance section to check your understanding.
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Knowledge check answers


Turn to the back of the book for the Knowledge check answers.
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Summaries





•  Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.
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About this book


This guide will help you to prepare for topics 7 and 8. These topics are examined in paper 2 (together with topics 5 and 6) and in paper 3 (together with topics 1–4 and 5–6).


The Content Guidance covers all the facts you need to know and concepts you need to understand for topics 7 and 8. It is important that you focus on understanding and not just learning facts, as the examiners will be testing your ability to apply what you have learned in new contexts. This is impossible to do unless you really understand everything. The Content Guidance also includes exam tips and knowledge checks to help you prepare for your exams.


The Questions & Answers section shows you the sorts of questions you can expect in papers 2 and 3. It would be impossible to give examples of every kind of question in one book, but these should give you a flavour of what to expect. Two students, student A and student B, attempt each question. Their answers, and the accompanying comments, should help you to see what you need to do to score a good mark — and how you can easily not score a mark even though you probably understand the biology.


What can I assume about the guide?


You can assume that:





•  the basic facts you need to know and understand are stated explicitly



•  the major concepts you need to understand are explained clearly



•  the questions at the end of the guide are similar in style to those that will appear in the final examination



•  the questions assess the different assessment objectives



•  the standard of the marking is broadly equivalent to that which will be applied to your answers





How should I use this guide?


The guide lends itself to a number of uses throughout your course — it is not just a revision aid. You could:





•  use it to check that your notes cover the material required by the specification



•  use it to identify your strengths and weaknesses



•  use it as a reference for homework and internal tests



•  use it during your revision to prepare ‘bite-sized’ chunks of related material, rather than being faced with a file full of notes





You could use the Questions & Answers section to:





•  identify the terms used by examiners and show what they expect of you



•  familiarise yourself with the style of questions you can expect



•  identify the ways in which students gain, or fail to gain, marks






Develop your examination strategy


Just as reading the Highway Code alone will not help you to pass your driving test, this guide cannot help to make you a good examination candidate unless you develop and maintain all the skills that examiners will test in the final exams. You also need to be aware of the type of questions examiners ask and where to find them in the exams. You can then develop your own personal examination strategy. But, be warned, this is a highly personal and long-term process; you cannot do it a few days before the exam.


Things you must do





•  Clearly, you must know some biology. If you do not, you cannot expect to get a good grade. This guide provides a succinct summary of the biology you must know.



•  Be aware of the skills that examiners must test in the exams. These are called assessment objectives and are described in the AQA Biology specification.



•  Understand the weighting of the assessment objectives that will be used. These are as follows:
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•  Use past questions and other exercises to develop all the skills that examiners must test. Once you have developed them all, keep practising to maintain them.



•  Understand where in your exams different types of questions occur. For example, the final question on A-level paper 3 will always be worth 25 marks and will test AO1 by requiring you to write an essay. If that is the skill in which you feel most comfortable, and many A-level students do, why not attempt this question first?



•  Remember that mathematical skills account for about 10% of the marks. Do make sure you can carry out these calculations, including percentages, ratios, and rates of reaction.



•  You need to be familiar with the techniques you have learned in the required practicals, and be able to describe how these techniques might be used in a different context. Also, you need to be able to evaluate practical investigations and data presented to you in the exam.








Content Guidance


Genetics, populations, evolution and ecosystems



Inheritance


You will remember from the first year of your course that a gene is a length of DNA at a specific place on a chromosome, or locus, that codes for a polypeptide. There may be different versions of the same gene, called alleles, which code for slightly different polypeptides. Diploid organisms have two copies of each chromosome in their body cells, so they have two alleles of each gene in each cell. These alleles may be both the same (homozygous) or different (heterozygous).


The genetic make-up of an organism is called its genotype. The phenotype is the appearance of the organism resulting from the expression of its genes and its interaction with the environment.
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Knowledge check 1


Match the words with their definition.






	




1  Locus







	



A  A piece of DNA that codes for a polypeptide












	




2  Heterozygote







	


B  A specific place on a chromosome where a gene is found












	




3  Homozygote







	




C  The genetic make-up of an organism












	



4  Gene







	



D  A different version of a gene












	




5  Genotype







	



E  An individual with two different alleles of a gene












	




6  Phenotype







	



F  An organism with two copies of each chromosome in their body cells












	




7  Allele







	



G  The appearance of an organism resulting from the expression of its genes and its interaction with the environment












	




8  Diploid







	



H  An individual with two identical alleles of a gene
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Monohybrid crosses


Monohybrid crosses involve a single pair of alleles. In the simplest situations, one of the alleles is dominant and the other is recessive. A dominant allele is expressed in the phenotype even if only one copy is present. A recessive allele is not expressed in the phenotype unless two copies are present. We use a specific letter for one gene. We use the upper case letter to represent the dominant allele, and the lower case letter to represent the recessive allele.


It is important that you set out your working clearly in a genetics problem. For example:


In dogs, wire hair is dominant over smooth hair. A breeder crosses a heterozygous wire-haired animal with a smooth-haired animal. What proportions of hair type would you expect in the offspring?
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Offspring genotypes






	 

	H

	h






	h

	Hh

	hh






	h

	Hh

	hh
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Exam tip


If you choose your own symbols for a genetics problem, it is better to choose a letter where the upper case and lower case letters are different in shape. Here H (for hair) was chosen as H and h are different shapes. If we had used S or W, and writing the letters by hand in an exam, it would be easy to confuse an upper case letter for a lower case letter, or vice versa.
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Answer: half the offspring will have wire hair and the other half will have smooth hair.
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Exam tip


There is a sequence of stages to carry out in any genetics problem.





1  Work out the parent genotypes.



2  Work out the gametes produced.



3  Set up a Punnett square with the gametes of one parent along the top and the gametes of the other parent on the side.



4  Fill in the table with the genotypes of the offspring, by pairing the gamete at the top of the row with the gamete at the side.



5  Find the ratio of genotypes in the offspring.



6  Work out the ratio of phenotypes in the offspring.



7  Answer the question you were asked.
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Knowledge check 2


The allele for cystic fibrosis is recessive to the normal allele. Two parents who are both normal have a baby with cystic fibrosis. What is the chance that a second baby might also have cystic fibrosis?
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However, some alleles do not show a straightforward dominant–recessive relationship. Alleles may be codominant. Codominance occurs where the heterozygote has a phenotype that is different from both homozygotes. We use different nomenclature for codominance. There is a capital letter to represent the gene, with the alleles in upper case letters in superscript. An example is shown below.


In shorthorn cattle, red coat colour is codominant with white coat colour. A mating between a red individual and a white individual can produce offspring that are roan, with a mixture of red and white hairs. Use a Punnett square to predict the ratio of phenotypes you would expect from a mating between a roan cow and a white bull.


We will use the symbol CR for the red allele and CW for the white allele. We know that the white parent is homozygous, since a heterozygote has a different phenotype from both homozygotes. The roan parent must be heterozygous. So we can set out the problem similarly to the last example.
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Knowledge check 3


What are the possible phenotypes in the offspring of two roan cattle, and in what proportion would you expect them to occur?
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Offspring genotypes






	 

	CR


	CW







	CW


	CRCW


	CWCW







	CW


	CRCW


	CWCW
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Sex linkage


Twenty-two of the pairs of chromosomes we have in our body cells are autosomes, but the remaining pair are sex chromosomes. Males have one X and one Y chromosome, but females have two X chromosomes. The Y chromosome does not carry many genes, so sex linkage refers to genes that are present on the X chromosome. An example of a sex-linked gene is haemophilia. This is an inherited condition in which a blood clotting factor is absent, so the blood does not clot properly. The normal allele (XH) is dominant and the allele for haemophilia is recessive (Xh). Notice the symbols used for sex linkage. They are always written as X (for the X chromosome) with a letter in superscript to indicate the allele. In this case, H for normal is upper case, as that is the dominant allele, and h for haemophilia is lower case as that is recessive. A feature of sex-linked conditions like haemophilia is that they are commoner in males than in females. This is because men have only one X chromosome, so if they have a recessive allele on the X chromosome, there is no dominant allele present to ‘hide’ it. Women can only have a sex-linked recessive condition like haemophilia if they inherit the allele from each parent.


[image: ]




Exam tip


Examiners will tell you whether an allele is sex-linked or not. If they do not tell you it is sex-linked, then assume it is autosomal (like the vast majority of alleles). Just because a genetics question mentions a man and a woman does not mean that the gene involved is sex-linked.
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Let us work through an example of sex linkage.


A woman who does not have haemophilia, but whose father has haemophilia, marries a man who also does not have haemophilia. What is the chance that they will have a son with haemophilia?


The woman does not have haemophilia, but her father did. This tells us that she must be a carrier of haemophilia as she inherited her father’s X chromosome with the haemophilia allele on it. (If she had inherited his Y chromosome, she would not be female.)
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Offspring genotypes






	 

	XH


	Y






	XH


	XHXH


	XHY






	Xh


	XHXh


	XhY
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Knowledge check 4


Is it possible for a girl to inherit haemophilia? Use a Punnett square to explain your answer.
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Therefore the chance that they will have a son with haemophilia is 1 in 4, ¼ or 25%.


(Note that if the question asked ‘What is the chance that their son will have haemophilia?’ it would be ½ or 50%.)



Multiple alleles


This is when there are several different alleles of a gene. Sometimes the alleles have a sequence of dominance. Codominance may be involved as well. An example is human ABO blood groups. This is determined by three alleles: IA and IB are codominant, with IO being recessive to the other two alleles. There are four ABO blood groups, with genotypes as shown in Table 1.


[image: ]




Knowledge check 5


Red–green colourblindness is a recessive sex-linked condition. A woman with red–green colourblindness has a partner with normal vision. What is the chance that they will have a child with red–green colourblindness?
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Table 1 Genotypes of the four ABO blood groups






	Blood group

	Genotypes(s)






	AB

	IAIB







	A

	IAIA or IAIO







	B

	IBIB or IBIO







	O

	IOIO








Suppose a woman with group A has a child of group O. Her husband is group B, and cannot understand how they can have a child with a different blood group from both of them. We can explain this as follows:


The mother must have the genotype IAIO if her child is group O, as a child of group O must receive a recessive allele from each parent. The father must have the genotype IBIO.
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Offspring genotypes






	 

	IB


	IO







	IA


	IAIB


	IAIO







	IO


	IBIO


	IOIO
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Knowledge check 6


In cats, one of several genes controlling fur colour is located on the X chromosome. The gene has two versions, or alleles. One form of the gene codes for ginger fur (XG), and the other form codes for black fur (XB). Heterozygous female cats (XGXB) have patches of ginger and black fur, and are described as tortoiseshell. What are the possible offspring from a mating between a tortoiseshell female and a ginger male?
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Knowledge check 7


Coat colour in rabbits is controlled by a series of multiple alleles as follows:






	Allele

	Phenotype






	C

	Dark grey coat






	cch


	Chinchilla






	ch


	Himalayan






	c

	White







In order of dominance, they are: [image: ]





a  Give the phenotypes produced by the following genotypes: i Cc, ii cchch, iii chc, iv cc.




b  Use a Punnett square to show the possible offspring of a rabbit with genotype Cc and a rabbit of genotype cchc.
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