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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



The aim of this book is to help you to prepare for the WJEC A2 Biology Unit BY5 examination.


The Content Guidance section contains everything you need to learn to cover the specification content of BY5. This is a varied unit with a large content volume. Across all the topics there are a number of processes with stages to learn — for example, oogenesis, DNA fingerprinting and succession. It is important that you are clear on all the stages of these processes and can describe them fully. It is also important you can apply the content to new situations and to data that you are given. For example, in the past the BY5 examination has included questions on the distribution of jackal populations and the effects of burning on upland heather. It would be impossible to revise all the areas you could be asked about, but if you revise the content of the specification thoroughly and think the question through carefully then you should be able to apply your knowledge. You should also be comfortable with carrying out the different types of genetic crosses included in the specification — a large number of marks are allocated to such questions.


A small number of marks on the BY5 exam are synoptic. This means they are based on AS content, which will be part of a wider BY5 question. Therefore, while studying this module you should try to think about how AS content may fit into the BY5 topics.


The Questions and Answers section contains questions on each of the topic areas in the specification. They are written in the same style as the questions in the BY5 exam so they will give you an idea of the sort of thing you will be asked to do in the exam. After each question there are answers by two different students followed by examiner’s comments on what they have written. These are important because they give you an insight into the responses the examiners are looking for in the exam. They also highlight some of the common mistakes students make.


Revision techniques


It is important to develop effective revision and study techniques. The key to effective revision is to make it active. Most people cannot revise effectively by just reading through notes or a book. In order to learn you have got to do something with the information. Below are some examples of active revision techniques — not all of them will work for everybody so it is important that you try them and find out which ones work for you.


Consolidate your notes


This means taking information from your notes and this book and presenting it in a different form. This can be as simple as just writing out the key points of a particular topic. One effective consolidation technique involves taking some information and turning it into a table or diagram. More creative consolidation techniques include the use of mind maps or flash cards.


The key to these techniques is that you will be actively thinking about the information you are revising. This increases the chance of you remembering it and also allows you to see links between different topic areas. Developing this kind of deep, holistic understanding of the content of BY5 is the key to getting top marks in the exam.


Complete practice exam questions


Completing practice exam questions is a crucial part of your revision. It allows you to practise applying the knowledge you have gained to the exam questions and see if your revision is working. A useful strategy is to complete questions on a topic you have not yet revised fully. This will show you which areas of the topic you know already and which areas you need to work on. You can then revise the topic and go back and complete the question again to check that you have successfully plugged the gaps in your knowledge.


Use technology


There are many creative ways to use technology to help you revise. For example, you can make slideshows of key points, shoot short videos or record podcasts. The advantage of doing this is that by creating the resource you are thinking about a particular topic in detail. This will help you to remember it and improve your understanding. You will also have the finished product, which you can revisit closer to the exam. You could even pass on what you have made to your friends to help them.





Content Guidance


DNA replication and protein synthesis


The function of DNA is to carry the genetic code for an organism. The genetic code is the code for protein synthesis. It is therefore fundamental to the life of any organism.


Genetic stability is also important to organisms. It relies on the genetic code being passed on to daughter cells without changes or errors. Mutations are rarely beneficial. They can lead to non-functional cells being produced or, in the worst cases, may even threaten the survival of the whole organism — for example a mutation that leads to the activation of an oncogene and the onset of cancer. To ensure that genetic stability is preserved it is therefore important that DNA is replicated accurately. The structure of DNA is shown in Figure 1.
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Figure 1 The molecular structure of DNA, showing the two antiparallel polynucleotide strands
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Examiner tip


You should revise the structure of DNA from BY1, with particular emphasis on how its structure allows exact replication of the molecule, i.e. that the bases always pair in a complementary way, adenine with thymine and cytosine with guanine.
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The process of DNA replication is shown in Figure 2 and is outlined below:




•  The DNA unwinds and the hydrogen bonds holding the two strands of DNA together break; this is sometimes referred to as unzipping.


•  The enzyme DNA polymerase catalyses the addition of free DNA nucleotides to form two new complementary strands (adenine bonding with thymine and cytosine bonding with guanine) using both original strands as templates.


•  Hydrogen bonds then form between each pair of complementary DNA strands, (one original strand, one new strand). This produces two molecules of DNA that are identical to each other and to the original DNA molecule.
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Figure 2 (a) DNA replication; (b) semi-conservative replication of DNA
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Examiner tip


Questions on Meselson and Stahl’s experiment occur frequently. It is a complex experiment, so make sure that you learn it thoroughly.
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DNA replication is semi-conservative. This means that each new DNA molecule contains one original strand and one newly formed strand. This was shown experimentally by Meselson and Stahl. Their experiment is detailed below.


Meselson and Stahl cultivated some bacteria in a flask of nutrient medium in which the source of nitrogen was 15N (a heavier isotope than 14N). The bacteria took up the nitrogen and used it to form the nitrogenous bases of nucleotides. Therefore, after several generations all the nitrogenous bases in the bacterial DNA contained the heavier 15N isotope. When these bacteria were lysed (broken open) and centrifuged the DNA settled at a low point in the centrifuge tube. This is because the position in the tube relates to the density of the molecule and as the DNA contained 15N, it was denser than DNA that contained 14N.
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Knowledge check 1


Why is DNA replication said to be semi-conservative?
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They then allowed the bacteria to divide once in a medium that contained 15N (the lighter isotope). The bacteria were lysed and centrifuged. The DNA settled at a midway point in the tube, indicating that it was less dense than the DNA in the first generation. This is because all the bacterial cells now contained ‘hybrid’ DNA — DNA that contains one original 15N-containing strand and a newly formed strand that also contained 15N in its nitrogenous bases.


This result proved that DNA replication was not conservative. The theory of conservative replication suggested that the original double-stranded DNA molecule remained and a totally new double-stranded molecule was produced. By forming hybrid DNA Meselson and Stahl proved this to be incorrect.


However this result could be explained by semi-conservative replication (one original strand and one new strand) or dispersive replication (both strands consisting of sections of new and old DNA). Meselson and Stahl allowed the bacteria to divide a second time in the growth medium containing 14N. When they extracted the DNA and centrifuged it, a hybrid band again formed at a midway point up the tube and another band of less dense DNA containing only 14N occurred further up the tube. This result proved that the DNA is replicated semi-conservatively. Meselson and Stahl’s investigation is illustrated in Figure 3.
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Figure 3 Meselson and Stahl’s experiment





Protein synthesis


Proteins are of vital importance in cells; they are made up of one or more polypeptide chains. The code for the structure of the polypeptide is carried in the DNA of the cell. During protein synthesis this code is ‘read’ and the amino acids are arranged in the correct sequence to form the polypeptide chain. The sequence of nucleotide bases coding for one polypeptide is a gene. Genes are made up of triplets of bases (codons). Each triplet of bases codes for one amino acid. There are only 20 amino acids and 64 possible triplets of bases (the number of possible combinations of the four different nucleotide bases in DNA in groups of three), and almost all amino acids are coded for by more than one triplet of bases. There are also stop and start codes that are used to control protein synthesis. During the first stage of protein synthesis (transcription) the genetic code on a section of DNA is transcribed to form a strand of messenger RNA (mRNA). The mRNA codons and the amino acids they code for are shown in Table 1.
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Knowledge check 2


What is the section of DNA that codes for one polypeptide called?
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Table 1 RNA codons
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Examiner tip


You do not have to learn the table of codons but you should be able to use it if given it in a question.
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There are two stages to protein synthesis: transcription and translation.


Transcription


Transcription occurs in the nucleus. A complementary strand of mRNA (messenger RNA) is formed from one of the DNA strands. The process of transcription is detailed below:




•  A section of the DNA unwinds and the hydrogen bonds holding the two strands of the DNA break, (the DNA unzips).


•  The enzyme RNA polymerase catalyses the addition of free RNA nucleotides to form a complementary strand of messenger RNA (mRNA). The complementary bases are:







  –  cytosine on the DNA and guanine on the mRNA


  –  guanine on the DNA and cytosine on the mRNA


  –  thymine on the DNA and adenine on the mRNA


  –  adenine on the DNA and uracil on the mRNA (thymine does not occur in RNA and uracil is the complementary base to adenine)







•  When translation is complete, the hydrogen bonds between the two strands of DNA reform.


•  The mRNA molecule then leaves the nucleus through the nuclear pore and travels to a ribosome in the cytoplasm.
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Knowledge check 3


Where does transcription occur?












Knowledge check 4


Name the enzyme that catalyses the formation of the mRNA strand during transcription.
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The process of transcription is shown in Figure 4.
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Figure 4 Transcription
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Knowledge check 5


How does the mRNA travel from the nucleus to the cytoplasm?
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Examiner tip


Mixing up what occurs in transcription and translation is a common mistake. For each stage in each process make sure that you are clear on its location, the enzymes involved and the product or products formed.
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Translation


The purpose of transcription is to transcribe the code for the polypeptide from DNA to mRNA so that it can be transported to the ribosome. In the next stage, translation, this code is used to form the polypeptide. In translation, transfer RNA (tRNA) is used to transfer amino acids to the ribosome.
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Knowledge check 6


Where does translation occur?
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The anticodon on the tRNA molecule determines the specific amino acid it transfers. The anticodon is complementary to the codon for that amino acid on mRNA. The specific amino acid joins to the amino acid attachment site on the tRNA molecule. This process is known as activation and requires ATP. The structure of a tRNA molecule and the process of activation are shown in Figure 5.
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Figure 5 The enzyme shown here only accepts methionine and its specific tRNA molecule





Translation occurs at the ribosome. The two subunits of the ribosome fit around the mRNA and the mRNA now sits in the mRNA groove.




•  Ribosomes have two binding sites. This means that two tRNA molecules can bind with the ribosome at any one time.


•  The two amino acids carried by the two tRNA molecules become connected by a peptide bond formed by a condensation reaction and catalysed by a ribosomal enzyme.



•  The first tRNA molecule then leaves the ribosome and the second tRNA moves along to take its place.


•  Another tRNA molecule with the next amino acid in the sequence then fills the vacant binding site.


•  The codon on the mRNA is complementary to the anticodon on the newly arrived tRNA molecule; they briefly form a codon–anticodon complex.


•  The ribosome moves along the mRNA, reading each codon and the specific amino acid is added to the growing polypeptide chain. Translation stops when a stop codon is reached. At this point the two subunits of the ribosome separate and the polypeptide chain leaves the ribosome.





The process of translation is shown in Figure 6.
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Figure 6 Translation
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Knowledge check 7


Which part of a tRNA molecule is complementary to a codon on mRNA?
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Once translation is complete the polypeptide chain is further modified in the Golgi apparatus. From here secretory proteins are budded off in vesicles. They then travel to the plasma membrane of the cell, the vesicle fuses with the plasma membrane and the protein is released from the cell by exocytosis.
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Examiner tip


To help you with this section you should revise the work on protein structure and the organelles involved in protein synthesis and modification from BY1.
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Meiosis


Meiosis is a form of cell division that is used to produce gametes (sex cells) in most sexually reproducing organisms. Four haploid (containing half the number of chromosomes of an ordinary diploid body cell) daughter cells — the gametes — are produced which are genetically different from each other and from the original cell. As the gametes are haploid, when they fuse during fertilisation the zygote formed has the full diploid number of chromosomes. As the gametes are genetically different from each other and from the parent cell, meiosis also introduces genetic variation into sexual reproduction.
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Examiner tip


It is important that you can both describe what happens in meiosis and draw/recognise it on a diagram. You may also be asked to identify the stages from photos of cells undergoing meiosis. The key to answering such questions is to look carefully at what the chromosomes are doing.
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Meiosis has two stages, meiosis I and meiosis II. As in mitosis, each of these stages is further divided into prophase, metaphase, anaphase and telophase. The key aspects of each stage are detailed below.


Meiosis I


Prophase I


The chromatin condenses to form the chromosomes and the nuclear membrane breaks down. Each chromosome is made up of two identical chromatids joined by the centromere. The chromosomes are arranged in their homologous pairs. The two chromosomes in a homologous pair form a bivalent. The homologous chromosomes touch at points known as chiasmata where crossing over occurs. Crossing over is the swapping of genes between homologous chromosomes in a bivalent. Crossing over is an important source of variation in meiosis as it means that the two chromatids making up each chromosome are no longer identical.


The centrioles also begin to produce the protein microtubules that will form the spindle.
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