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Examiner tips


Advice from the examiner on key points in the text to help you learn and recall unit 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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Summary




•  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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Questions & Answers
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About this book



This unit guide is the second of two that cover the OCR A2 specification in biology. It is intended to help you prepare for Unit F215: Control, Genomes and Environment. It is divided into two sections:




•  Content Guidance — here you will find key facts, key concepts and links with other parts of the AS/A2 biology course. Focus on mathematical skills will help with the chi-squared test and the Hardy–Weinberg principle. The synoptic links are intended to show you how topics in this unit build on information you learnt at AS. It also shows you how information in this unit links to topics in Unit F214: Communication, Homeostasis and Energy.


•  Questions and Answers — here there are questions that cover all nine sections in this unit, with answers written by two students and examiner’s comments.





This is not just a revision aid. This is a guide to the whole unit and you can use it throughout the A2 course. You should read other sources of information such as textbooks, articles from Biological Sciences Review, published by Philip Allan Updates, and websites. It is a good idea to use animations to follow the complex processes described in this guide. I have recommended websites that give up-to-date information about topics in this unit that are developing rapidly.


The Content Guidance section will help you to:




•  understand the key concepts of each section


•  organise your notes and to check that you have highlighted the important points (key facts) — little ‘chunks’ of knowledge that you can remember


•  check that you understand the links to practical work, since you will need your knowledge of this unit when doing the practical tasks in Unit F216: Practical Skills in Biology 2


•  understand how these little ‘chunks’ fit into the wider picture; this will help to support Units F214 and F216





You may be entered for F214 in January of your A2 year. If this is the case, you will not have time to study much, if any, of F215 before then. However, many students take the examinations for both units in June. This gives you more time to see the connections between topics in the two units.


The Questions and Answers section will help you to:




•  check the way examiners ask questions at A2


•  understand what the examiners mean by terms such as ‘describe’ and ‘explain’


•  interpret the question material, especially any data that the examiners give you


•  write concisely and answer the questions that the examiners set





In this guide there are references to the three tasks you will carry out as part of Unit F216:




•  the qualitative task, e.g. carrying out an experiment that does not give you anything to measure or determine — it may involve recording colours or drawing from a specimen or from a microscope slide


•  the quantitative task, e.g. carrying out a practical task in which you record measurements


•  the evaluative task, e.g. commenting critically on the practical procedure and the results you obtained in the quantitative task





There is a Student Unit Guide specifically for the practical assessment in F216. You will find some references to it in this guide.


A2 biology


The diagram below shows you the three units that make up the A2 course. You should have a copy of the specification for the whole of the course. Keep it in your file with your notes and refer to it constantly. You should know exactly which topics you have covered so far and how much more you have to do.
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The specification outlines what you are expected to learn and do. The content of the specification is written as learning outcomes; these state what you should be able to do after studying and revising each topic. Some learning outcomes are very precise and cover just a small amount of factual information. Some are much broader. Do not think that any two learning outcomes will take exactly the same length of time to cover in class or during revision. It is a good idea to write a glossary for the words in the learning outcomes; the examiners will expect you to know what they mean. This guide should help you to do this.


Synoptic introduction to Unit F215


Approximately 20% of the marks in the unit test are synoptic. This means that you are expected to use your knowledge and understanding of the two AS units and Unit F214 when answering questions. To help you with this, the links to these other units are made clear throughout the guide. Several aspects of biology are covered in some detail in F215: structure and function of genes, genetics, variation and selection, cloning, biotechnology and genetic engineering, ecosystems and populations, plant and animal responses. All of these link to the AS course and to Unit F214 and you should revise appropriate topics before you start each section. The most important are:




•  mitosis (Unit F211)


•  structure of nucleic acids (Unit F212)


•  enzymes (Unit F212)


•  biodiversity, classification, evolution and maintaining biodiversity (Unit F212)


•  nerves and hormones (Unit F214)


•  respiration (Unit F214)





Examiners have to set some challenging questions in the unit test. Identifying the main themes in this unit and making links between different topics are two ways in which you can prepare for these questions. You should also try the numerical and other problems in the knowledge checks throughout this guide.





Content Guidance


Cellular control and variation


Key concepts you must understand


In Unit F211 you learnt about protein synthesis and in Unit F212 you learnt about the structure of nucleic acids and proteins. During semi-conservative replication, DNA polynucleotides act as templates for the assembly of new polynucleotides using the four deoxyribonucleoside triphosphates (dNTPs) with the four bases adenine, cytosine, guanine and thymine. Bases on the template polynucleotide determine which nucleotide is next in the sequence — remember that in DNA cytosine always pairs with guanine and adenine always pairs with thymine. Replication occurs during interphase of the cell cycle, as does transcription in which DNA acts as a template for the assembly of RNA nucleotides to make mRNA for protein synthesis.
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Examiner tips


Before you read this section on cellular control and variation, you should revise what you learned in Units F211 and F212 on the cell cycle, mitosis, replication and protein synthesis. Above all you should revise the structure of nucleic acids, DNA and RNA.


A nucleoside is a compound composed of a base (A, T, C or G) plus a pentose sugar. In a deoxyribonucleoside the sugar is deoxyribose. Use the term polynucleotide rather than ‘chain’ when writing about DNA.
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Key facts you must know


One gene: one polypeptide


A gene determines the sequence of amino acids in a polypeptide, for example enzymes, α- and β-globins of haemoglobin, cell surface antigens, receptors and hormones. Many proteins are composed of several polypeptides and have quaternary structure, for example:




•  a molecule of catalase is made of four identical polypeptides


•  a molecule of adult haemoglobin is made of two α-globin and two β-globin chains
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Examiner tip


Quaternary structure applies if a protein has more than one polypeptide in its structure. Molecules of haemoglobin and catalase have four polypeptides each; many proteins have two or three.
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The four bases (A, T, C and G) code for 20 different amino acids. Some examples are given in Table 1.


Table 1 Genetic dictionary: DNA triplet codes for three amino acids on the coding and template polynucleotides






	Amino acid

	Triplets on coding polynucleotide of DNA

	Triplets on template polynucleotide of DNA






	Glycine

	GGT; GGG; GGC; GGA

	CCA; CCC; CCG; CCT






	Valine

	GTT; GTG; GTC; GTA

	CAA; CAC; CAG; CAT






	Cysteine

	TGT; TGC

	ACA; ACG







The genetic code is described as degenerate because there are more codes than are needed for each amino acid. This is an advantage because the codes for each amino acid usually differ in the third base of the triplet, which reduces the effects of mutation. There are three ‘stop’ codes that do not code for amino acids. They indicate the end of a sequence (e.g. TGA on the coding strand of DNA). The triplet code for the amino acids is called the genetic code and is shown in a genetic dictionary as the RNA code or as one of the DNA codes. Each group of three bases in mRNA that codes for an amino acid is known as a codon.


[image: ]




Knowledge check 1


State the DNA triplets for histidine (his) and phenylalanine (phe).
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The complete genetic code can be found on many websites. You are not expected to remember any of the triplets or codons, but you may have to use the genetic code in answering a question, in which case it will be provided for you.
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Knowledge check 2


Explain why the code for amino acids must be a triplet code and not a two-base code.
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Protein synthesis


The three stages in protein synthesis are transcription, amino acid activation and translation, which are best followed in an animation:




•  www.johnkyrk.com (DNA transcription and DNA translation)


•  http://highered.mcgraw-hill.com/sites/0072437316/student_view0/chapter15/animations.html (protein synthesis)
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Examiner tip


You have not read much of this book and already there are many new terms to learn. Write your own glossary as you read this book using other sources to help you. You will see how useful this is when you read the Questions and Answers section of this guide.
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Transcription


β-cells in the islets of Langerhans in the pancreas make insulin. It is only in these cells that the gene for insulin is switched on. Each β-cell has two copies of this gene, but many copies are needed to send to the thousands of ribosomes in the cell to make the quantities of insulin required. Short-lived copies of the gene are made by transcription. The copies are molecules of mRNA. The process of transcription is shown in Figure 1. Note that the base sequence of the mRNA is the same as that of the coding polynucleotide and complementary to that of the template polynucleotide (U replaces T in RNA).
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Figure 1 Transcription of the template polynucleotide in DNA
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Examiner tip


You should recall the role of β-cells in the pancreas from F214. See page 33 of the Unit Guide to F214. Questions on protein synthesis set in Unit F215 could be based on proteins you have studied in other Units.
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Knowledge check 3


List the first five amino acids in the polypeptide coded for by the gene in Figure 1.
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(1) Hydrogen bonds between the bases in the two polynucleotide chains break in the area of DNA that corresponds to the insulin gene.



(2) One polynucleotide acts as a template for the synthesis of mRNA.



(3) Free RNA nucleotides in the nucleus pair up with the exposed bases on the template polynucleotide.



(4) The nucleotides are joined together to form a polynucleotide — mRNA. This process is catalysed by the enzyme RNA polymerase.



(5) mRNA leaves the nucleus through a nuclear pore.





[image: ]




Knowledge check 4


What are the likely effects of reading errors in transcription?


Knowledge check 5


State what 3’ and 5’ signify.
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Amino acid activation



Amino acids are ‘identified’ or ‘tagged’ by combining them with molecules of transfer RNA (tRNA). You could think of the nucleotide ‘labels’ as being similar to bar codes. The nucleotide ‘bar code’ is the anticodon. Enzymes in the cytoplasm attach amino acids to specific tRNA molecules. This is not a random process — each amino acid is identified by a specific tRNA molecule (Figure 2). The hydrolysis of ATP provides the energy for the process.
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Figure 2 The enzyme shown here only accepts methionine and its specific tRNA molecule


Translation





(1) The mRNA molecule joins with a ribosome in the cytoplasm.



(2) Each ribosome has two sites to hold two tRNA molecules at the same time. Each tRNA molecule is attached to an amino acid.



(3) Each tRNA molecule has a sequence of three bases (anticodon) that pairs with three bases (codon) on mRNA.



(4) tRNA and mRNA pair together following the rules of complementary base pairing (A with U; C with G).



(5) A condensation reaction occurs between the amino acids to form a peptide bond.



(6) The ribosome moves along the mRNA molecule ‘reading’ the sequence of bases.



(7) As this happens, a polypeptide grows by the addition of new amino acid molecules.



(8) When an amino acid has joined to the growing chain, its tRNA molecule leaves the ribosome to attach to another amino acid.



(9) When the ribosome reaches a stop codon, the polypeptide breaks away and begins to fold spontaneously into its secondary and tertiary structure.



(10) The cell processes the polypeptide, perhaps by combining it with other polypeptides to form a protein with quaternary structure, as happens in the formation of haemoglobin. In β-cells in the islets of Langerhans in the pancreas a long polypeptide is cut up into two smaller polypeptides that are joined together by disulfide bonds to give insulin its quaternary structure.
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Figure 3 Translation
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Examiner tip


Lysozyme is an enzyme made of a single polypeptide. Search online for images of its tertiary structure and compare with the structure of haemoglobin or catalase.
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Mutation


Proofreading by DNA polymerase during replication means that mistakes are rare events and base sequences of genes remain the same generation after generation. However, mistakes do happen and these lead to mutations. Gene mutations involve relatively small changes to the sequence of nucleotides in DNA. Mutagens, such as radiation (e.g. X-rays) and certain chemicals (e.g. benzpyrene in tobacco smoke) increase the chances of mutation.


Types of gene mutation


Substitution A base pair changes, e.g. from A–T to C–G. If this happens in the first base pair of a triplet then it is likely to change one amino acid in the primary structure of a polypeptide. Changes to the second or third base are less likely to change the amino acid and are known as ‘silent’ mutations.


Frameshift A deletion or insertion of a base pair changes the ‘reading frame’ during translation so the amino acid sequence downstream of the mutation changes (see Figure 4). Depending on where in the gene this happens it can have catastrophic effects on the polypeptide so that it does not work, or works only poorly. The polypeptide may be longer or shorter than the original if the effect of the mutation is to remove or add a stop codon. Many recessive mutations which do not code for functioning proteins are frameshifts.
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Figure 4 The effects of a frameshift mutation on a sequence of five amino acids. The fifth base pair has been deleted
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Knowledge check 6


Summarise the effects of the deletion of the fifth base pair as shown in Figure 4.


Knowledge check 7


What are the effects of an insertion of the base pair A–T after the first triplet in the DNA in Figure 4? (A is on the coding polynucleotide.)





[image: ]


Stutter mutations also occur where triplets are repeated. This is called a ‘stutter’. The rare neurological disease Huntington’s disorder is caused by a genetic stutter.


Neutral mutations have no effect on the fitness or survival of the organism. They are of different types:




•  The mutant triplet codes for the same amino acid, e.g. CCG and CCT (‘silent’ mutation).


•  The triplet codes for a different amino acid, but this makes no difference to the function of the polypeptide.


•  The mutant polypeptide functions in a different way but this does not give an advantage or a disadvantage to the organism.


•  The mutation occurs in non-coding regions of DNA and is not expressed in the phenotype.





[image: ]




Knowledge check 8


There are genes that code for tRNA molecules. What would be the effect of a mutation in the DNA that codes for the anticodon region of a tRNA molecule?
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Some mutations are always harmful because they destroy the function of the protein. Others may have effects on the phenotype that confer no advantage and may even be disadvantageous. However, environments may change and selection acts on phenotypes not genes, so a feature that is neutral or disadvantageous may become advantageous in the future. This is why genetic variation is so important (see p. 15).


Genes at work


Some genes are transcribed and translated all the time — for example, genes for constitutive enzymes, such as those that catalyse stages in glycolysis. Other enzymes are made only when they are required. It would be a waste of energy to make these in the absence of a substrate for them to catalyse. One of these inducible enzymes is β-galactosidase, which hydrolyses lactose in the bacterium Escherichia coli. The production of the enzyme is controlled along with two other proteins that are required for the absorption and metabolism of lactose. The three genes are transcribed together giving one mRNA transcript.


It is a good idea to follow an animation as you read about the lac operon:


http://highered.mcgraw-hill.com/olc/dl/120080/bio27.swf
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Examiner tip


Working through this site will help with the How Science Works theme:
www.dnaftb.org/33/
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Figure 5 shows how these genes are turned off when there is no lactose in the surroundings. However, when lactose is present it enters E. coli and acts to turn on the genes so they are transcribed and the three proteins are produced. The operon consists of the following:




•  a promoter region, where RNA polymerase binds to start transcription


•  an operator region, where an inhibitor binds


•  structural genes for β-galactosidase, a membrane transport protein for lactose and another enzyme
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Figure 5 How the lac operon functions (a) when lactose is absent and glucose is present in high concentration and (b) when lactose is present and there is little or no glucose
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Knowledge check 9


Explain how the lac operon is controlled when there is (a) glucose present, but no lactose, and (b) glucose and lactose both present.


Knowledge check 10


If there is no glucose and no lactose in the medium, β-galactosidase is not produced. Explain how the lac operon is controlled in these conditions.
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In addition to the lac operon, there is a regulator gene elsewhere on the bacterial chromosome that codes for a repressor substance that binds to the promoter region, inhibiting transcription of the three lac genes z, y and a.


Control by the repressor is negative control — lactose ‘turns on’ the lac operon by inhibiting the repressor, which is itself an inhibitor of transcription. However, this happens only when there is no glucose present. RNA polymerase does not bind readily to the promoter region. A protein known as CRP (cyclic AMP receptor protein) helps the binding of RNA polymerase, which transcribes the genes only when CRP is bound to DNA. If both glucose and lactose are present, then the operon is not switched on because it is more efficient for E. coli to respire glucose. If glucose is present, there is a low concentration of the regulatory substance, cyclic AMP (cAMP). In the absence of glucose, the concentration of cAMP increases and it combines with CRP. This binding changes the three-dimensional shape of CRP and exposes its DNA-binding site. Once bound to DNA, the activated CRP helps RNA polymerase to bind to the promoter region to start transcription. This action by CRP is positive control.


Operons are found in both prokaryotes and eukaryotes, although many eukaryotic genes are controlled differently and transcribed individually, rather than in groups.


Genes in development


Cells differentiate and become specialised for specific roles. To do this, they switch some genes on and some off in a carefully organised sequence. Homeobox genes code for transcription factors that bind to DNA. The homeobox is a sequence of bases in DNA that codes for a region of 60 amino acids in proteins that bind to DNA to regulate transcription by turning genes on and off in correct patterns. These genes control the early development of animals, plants and fungi. They give the basic pattern to the body — for example, they control the segmentation pattern of insects and mammals and the development of wings and limbs (see Figure 6). The homeobox sequences of organisms are almost identical because they all have the same function — coding for transcription factors.


Apoptosis is programmed cell death. This happens throughout life, but is an important part of development. As the immune system develops, many potential T lymphocytes die because they carry cell-surface antigens that are complementary to proteins on the surface of our own cells and would destroy them. Cells between the fingers and toes are also destroyed. If not, we would have webbed hands and feet. Cell death occurs in the endometrium during menstruation and also during the formation of synaptic connections in the nervous system. Cells respond to external and internal signals that trigger an ordered sequence of changes in the cytoplasm ensuring that cells are removed efficiently without the release of hydrolytic enzymes that would damage surrounding tissue and cause inflammation. Signals stimulate production of proteins that promote apoptosis and these activate caspases that are part of an enzyme cascade that breaks down structural proteins, such as those of the cytoskeleton. Anti-apoptosis genes code for inhibitor proteins that prevent apoptosis in healthy cells. Apoptosis occurs in plants to remove cells infected with viruses.


Some Hox genes work by activating genes that promote apoptosis. The Hox gene known as deformed (Dfd), in Drosophila activates the gene known as reaper (Rpr) to induce cell death in order to separate the maxillary and mandibular head lobes.
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Figure 6 Nine homeobox genes in the fruit fly, Drosophila melanogaster, control the development of the embryo in sequence: head, thorax and abdomen. The same genes are duplicated and found in four Hox clusters in humans
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Examiner tip


You do not need to know about the specific genes and their effects as shown in Figure 6, but expect them to be used as contexts in exam questions. Read about some of them and learn some examples. Search for infomation about antennapedia (Antp) in Drosophila.
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Synoptic links


This is a good opportunity to revise the structure of prokaryotic and eukaryotic cells from Unit F211. You could be asked where the stages in protein synthesis occur in eukaryotic cells. Enzymes that already exist in the cytoplasm may be activated and inactivated by compounds such as cyclic AMP (cAMP). cAMP acts as a second messenger to activate a protein kinase enzyme at the start of a cascade in response to adrenaline and glucagon. cAMP fits into a site on the enzyme and changes its tertiary structure. The enzyme becomes active, catalysing the phosphorylation of another enzyme in the cascade. The role of cAMP as a second messenger is covered in Unit F214 (see p. 30 in the guide for Unit F214).
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Summary




•  Genes code for the assembly of amino acids to make polypeptides, such as enzymes. Some enzymes, such as lysozyme, are composed of a single polypeptide; catalase is composed of four.


•  The genetic code is the sequence of the four bases in DNA (A, T, C and G) that code for amino acids. There are 61 different triplets in DNA and codons in RNA that code for the 20 amino acids. There are three stop codons that do not code for any amino acids.


•  Transcription is the copying of a nucleotide sequence in DNA into a complementary sequence in mRNA. Translation is the assembly of amino acids on ribosomes using the sequence of codons to specify the sequence of amino acids in a polypeptide.


•  Transfer RNA molecules are activated by combining with specific amino acids. The anticodons on tRNA molecules pair with codons on mRNA so that amino acids are assembled in the correct sequence. Peptide bonds form between amino acids.


•  Gene mutations change the sequence of nucleotides in DNA molecules. Substitution mutations result in a change to a single amino acid in a polypeptide; frameshift mutations result in a change to all the amino acids downstream from the site of the mutation (deletion or addition).


•  Most mutations have a harmful effect on the phenotype; some substitution mutations can have beneficial effects on the phenotype. Neutral mutations have no effect on the phenotype.


•  Cyclic AMP is a second messenger that combines with proteins to activate or inactivate them by altering their three-dimensional structure.


•  The lac operon is responsible for the control of the production of three proteins in the prokaryote, Escherichia coli.


•  The genes that control the development of body plans are similar in plants, animals and fungi. The homeobox sequences are sequences of nucleotides in these genes that code for transcription factors that bind to DNA. Their sequences are very similar because they code for parts of proteins that have the same shape for binding to DNA.


•  Apoptosis is programmed cell death that changes body plans, such as removing tissue between digits (fingers and toes).
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