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Getting the most from this book



This Need to Know guide is designed to help you throughout your Higher Biology, as a course companion to your learning but also as a revision aid, to be used in preparation for course assessments and for your final examination.


The following features in each Key Area will help you get the most from this book.
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You need to know


Each Key Area begins with a list of the learning outcomes adapted from the SQA course specification for Higher Biology. These summarise the general themes of learning within the topic.


The Key Area continues with bullet notes covering the success criteria for each learning outcome. These contain the emboldened vocabulary and phrasing needed to ensure exam success. Some terms are highlighted in green if they are defined as selected key terms.
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Key terms


The selected key terms are only a small sample of the terms you need to know for your exam. There are many more terms you need to know, which you’ll find emboldened and defined throughout bullet points in the book.
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Exam tips


Exam tips focus on areas that are tricky and are often asked about in the exam. These may contain a hint, a memory aid or a note of what to watch for.
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Synoptic links


These are references to other Key Areas in the book to show where related knowledge for Higher Biology can be found – these are always worth checking out.
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Techniques


These are experimental techniques with which you are expected to be familiar for your exam – we give a brief outline of each technique and its purpose.
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Do you know?


Questions at the end of each Key Area can be used to test yourself on the main knowledge needed. These are in the form of extended-response questions worth between 3 and 10 marks each. Give yourself about 2 minutes for each mark, so a 5-mark question should take you about 10 minutes.


Mark your own work here: hoddereducation.co.uk/needtoknow/answers


[image: ]







[image: ]


Area assessment


A group of ten structured questions worth 50 marks designed to give you examination practice across a whole area of the biology course.


Mark your own work here: hoddereducation.co.uk/needtoknow/answers
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1 DNA and the genome



1.1 Structure and organisation of DNA
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You need to know




•  the features that make up the structure of a DNA molecule


•  how DNA is organised in prokaryotic and eukaryotic cells
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Structure of a DNA molecule





•  DNA is a long double-stranded molecule wound into the shape of a double helix.



•  Each strand of the double helix is made up of repeating chemical units called nucleotides.



•  Each individual nucleotide is made up of a deoxyribose sugar, a phosphate and a base.



•  Deoxyribose sugar molecules have five carbon atoms, which are numbered 1 to 5, as shown in Figure 1.1, with an oxygen atom making the sugar ring-shaped.
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Key terms


Nucleotide Component of DNA consisting of a deoxyribose sugar, a phosphate group and a base.


3′–5′ The direction of a DNA strand which starts with a deoxyribose at the 3′ end and finishes with a phosphate at the 5′ end.
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•  The phosphate of one nucleotide is joined to carbon 5 (5′) of its sugar and linked to carbon 3 (3′) of the sugar in the next nucleotide in the strand to form a 3′–5′ sugar–phosphate backbone, as shown in Figure 1.2.



•  Each strand of the double helix has a sugar–phosphate backbone with a 3′ end that starts with a deoxyribose sugar molecule and a 5′ end that finishes with a phosphate.
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Exam tip


You will be expected to include the names of DNA bases in your answers and not just their letters.
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Key term


Antiparallel Parallel strands in DNA which run in opposite directions. Each strand has a sugar–phosphate backbone with a 3′ end that starts with a deoxyribose molecule and a 5′ end that finishes with a phosphate.
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•  A nucleotide has one of four different bases called adenine (A), guanine (G), thymine (T) and cytosine (C).



•  The nucleotides of one strand of DNA are linked to the nucleotides on the second strand through their bases – the bases form pairs that join the strands.



•  The bases pair in a complementary way: adenine always pairs with thymine, and guanine always pairs with cytosine.



•  Base pairs are held together by weak hydrogen bonds as shown in Figure 1.3(a).



•  The two strands of a DNA molecule run in opposite directions and are said to be antiparallel to each other, as shown in Figure 1.3(b).
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Exam tip


In your exam you could be asked what ‘antiparallel’ means. Remember the phrase, ‘same but run in opposite directions’.
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Function of DNA






•  The DNA of an organism encodes its heritable genetic information as a genetic code.



•  The base sequence along one strand of a DNA molecule forms the genetic code.
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Synoptic links


You can read more about the importance of the genetic code in Key Areas 1.3 and 1.5 (pages 11 and 18).
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Organisation of DNA





•  Cells can be divided into two groups: prokaryotes and eukaryotes.



•  DNA is organised differently in the cells of prokaryotes and eukaryotes.







[image: ]


Key terms


Prokaryote A type of cell which has no discrete nucleus.


Eukaryote A type of cell with a discrete nucleus.


Plasmid A circular loop of DNA found in prokaryotic organisms.
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Prokaryotic cells





•  Prokaryotic cells do not have a distinct nucleus or organelles.



•  The DNA in a prokaryotic cell is organised into a single, circular chromosome and much smaller circular plasmids in the cytoplasm, as shown in Figure 1.4.
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Eukaryotic cells





•  Eukaryotic cells have a nucleus and membrane-bound organelles, such as mitochondria and chloroplasts.



•  The DNA in eukaryotic cells is organised as linear chromosomes in the nucleus.



•  The DNA in the linear chromosomes is tightly coiled and packaged with associated proteins called histones, as shown in Figure 1.5.
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Synoptic link


You can read more about prokaryotic cells and DNA in Key Area 2.7 (page 56).
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•  Eukaryotic cells also contain a circular chromosome in each of their mitochondria, and eukaryotic green plant cells also have a circular chromosome in each of their chloroplasts, as shown in Figures 1.6(a) and (b).



•  Yeast is a special example of a eukaryotic cell. It has plasmids that are more usually associated with prokaryotic cells, as shown in Figure 1.6(c).
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Exam tip


In your exam you might be asked about DNA organisation in eukaryotic cells. Although eukaryotic cells contain linear chromosomes in their nucleus, they also have circular chromosomes in their mitochondria and in the chloroplasts of plants – many students forget this point.


[image: ]







[image: ]


Synoptic link


You can read more about the use of plasmids in recombinant DNA technology in Key Area 2.7 (page 56).
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Do you know?





1  Give an account of the structure of a single DNA nucleotide.


(3 marks)



2  Give an account of the structure of a DNA molecule.


(5 marks)



3  Describe the differences between prokaryotic and eukaryotic cells.


(5 marks)
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1.2 Replication of DNA
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You need to know





•  how DNA replicates including the roles of DNA polymerase, ligase and primers



•  the purpose of the different heat treatments in the polymerase chain reaction (PCR)



•  the practical applications of PCR
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Exam tip


In your exam you could be asked why DNA must replicate. DNA replication occurs prior to cell division and the daughter cells produced each need all the genetic information the parent cell had.
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The process of DNA replication





•  Replication is the process by which DNA molecules can direct the synthesis of identical copies of themselves.



•  A copy is needed for each of the daughter cells produced in cell division.



•  Prior to cell division, DNA is replicated by the enzyme DNA polymerase.



•  DNA is unwound and hydrogen bonds between complementary bases are broken to form a fork with two template strands.



•  One template is the leading strand and the other is the lagging strand.



•  Primers bind to the template strands. A primer is a short complementary strand of nucleotides which binds to the 3′ end of the leading template DNA strand. On the lagging strand, primers are bound at intervals on the strand as 3′ sites are exposed.



•  DNA polymerase needs these primers to start replication. DNA polymerase adds complementary DNA nucleotides to the deoxyribose (3′) end of the new DNA strand that is forming.



•  DNA polymerase can only add DNA nucleotides in one direction, from its 3′ end towards its 5′ end. This results in the leading strand being replicated continuously and the lagging strand being replicated in fragments, as shown in Figure 1.7.



•  Fragments of DNA are joined together by the enzyme ligase.
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Key terms


DNA polymerase Enzyme that adds free DNA nucleotides from the deoxyribose (3′) end of the template strand to form a new complementary strand.


Primer A short complementary strand of nucleotides that binds to a target sequence at the 3′ end of the template DNA strand, allowing DNA polymerase to add DNA nucleotides.


Ligase Enzyme that joins DNA fragments during replication of the lagging strand.
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Exam tip


Many students find it tricky to explain why the antiparallel nature of DNA affects how DNA polymerase synthesises a copy of its template strands. DNA polymerase can only replicate DNA in a 3′ to 5′ direction and only the leading strand runs in that direction; the polymerase has to wait until a fragment of the lagging strand is unzipped to allow replication of the fragment.
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The polymerase chain reaction





•  The polymerase chain reaction (PCR) is a laboratory technique for the amplification of target sequences of DNA using complementary primers for specific target sequences of interest.



•  PCR primers are short strands of nucleotides that are complementary to specific target sequences at the two 3′ ends of the region of DNA to be amplified.



•  A DNA molecule is heated to 92–98°C to break all the hydrogen bonds and completely separate the two strands. It is then cooled to between 50 and 65°C to allow primers to bind to target sequences. Finally, heating to 70–80°C allows a heat-tolerant DNA polymerase to replicate the target DNA sequence by adding complementary DNA nucleotides to each strand.



•  Repeated thermal cycles of heating and cooling amplify the target sequence of DNA, as shown in Figure 1.8.
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•  Each thermal cycle of PCR doubles the number of copies of the DNA present, as shown in Figure 1.9.
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Exam tip


In your exam you may be asked to calculate the number of copies of DNA produced after a certain number of cycles. Remember, the first cycle produces two copies, two cycles produce four, and so on.
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Applications of PCR





•  PCR can amplify DNA for a variety of applications. The amplified DNA can be used to produce DNA profiles unique to each individual.



•  PCR can be used in forensics to identify individuals to help solve crimes, in the settlement of paternity disputes and to identify genetic disorders in individuals.
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Technique


Gel electrophoresis is a technique that you are expected to be familiar with for your exam. It is used to make DNA profiles from DNA sequences that have usually been amplified from samples. The amplified DNA is treated with enzymes that cut it in specific places to produce a set of fragments unique to an individual. The fragments are stained and then separated in an agarose gel using an electric current to give patterns of lines. The pattern is unique to the individual whose DNA is being analysed.
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Do you know?





1  Describe the main steps in DNA replication.


(5 marks)



2  Describe the main steps in the polymerase chain reaction (PCR).


(4 marks)



3  Give two examples of the applications of PCR.


(2 marks)
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1.3 Gene expression
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You need to know





•  that gene expression involves the transcription and translation of DNA sequences



•  the role of RNA polymerase in transcription of DNA into primary mRNA transcripts



•  how tRNA is involved in the translation of mRNA into a polypeptide at a ribosome



•  that different proteins can be expressed from one gene, as a result of alternative RNA splicing



•  that amino acids are linked by peptide bonds to form polypeptides
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