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Introduction



General introduction


Welcome to How To Pass Higher Biology



The fact that you have opened this book and are reading it shows that you want to pass your SQA Higher Biology Course. This is excellent because that type of attitude is needed in order to pass and pass well. It also shows you are getting down to the revision that is essential to pass and get the best grade possible.


The idea behind the book is to help you to pass, and if you are already on track to pass, it can help improve your grade. It can help boost a D into a C, a C into a B or a B into an A. It cannot do the work for you, but it can guide you in how best to use your limited time.


In producing this book we have assumed that you have followed an SQA Higher Biology Course at school or college this year and that you have probably, but not necessarily, already studied National 5 Biology.


We recommend that you download and print a copy of the Higher Biology Course Specification from the SQA website at www.sqa.org.uk.


You should note that, in your exam, only the material included in the Key Areas and Depth of Knowledge required columns on pages 33–87 of the Course Specification can be examined. Skills of scientific inquiry, described on page 5 of the Course Specification, are also examined. You should get copies of any specimen or past papers that are available on the SQA website.


Course assessment outline


The components of the Higher Biology assessment system are summarised in the table below.
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Components 1 and 2: Course examination


(120 marks)


The Higher examination consists of two papers.





•  Paper 1 (component 1) contains 25 multiple choice questions for 1 mark each.



•  Paper 2 (component 2) contains a mixture of structured short answer questions and extended response questions for a total of 95 marks. Some questions will have an element of choice within them.





The majority of the marks test demonstration and application of knowledge, with an emphasis on the application of knowledge. The remainder test the application of scientific inquiry skills.


The course examination is marked by SQA and contributes 80% to the overall grade for the Course.


A list of the knowledge and skills required for your exam is summarised in the table below.






	Knowledge and Skills

	Meaning






	Demonstrating knowledge

	Demonstrating knowledge and understanding of Key Areas of biology






	Applying knowledge

	Applying knowledge of Key Areas of biology to new situations, interpreting information and solving problems






	Planning

	Planning and designing experiments to test given hypotheses






	Selecting

	Selecting information from a variety of sources






	Presenting

	Presenting information appropriately in a variety of forms






	Processing

	Processing information using calculations and units where appropriate






	Predicting

	Making predictions and generalisations based on evidence






	Concluding

	Drawing valid conclusions and giving explanations supported by evidence






	Evaluating

	Suggesting improvements to experiments and investigations







The knowledge content is detailed in the tables on pages 33–74 of the Course Specification and you should note that both the Key Area and Depth of knowledge required columns can be examined.


You should be familiar with the Apparatus and techniques detailed on page 75 of the Course Specification.


Component 3: Assignment


(20 marks)


The Assignment is a task which is based on some research that you have carried out in class time. The research must involve experimental work which allows measurements to be made. Candidates must also gather data/information from the internet, books or journals. The research will be supervised by your teacher and you will have to write up the investigation in the form of a Report during a controlled assessment. During the controlled assessment you will have access to selected material and notes, but you cannot use a draft copy of any part of your Assignment Report.


The Assignment has two stages:





1  a research stage



2  a report stage.





The Assignment Report


The Report is marked out of 20 marks, allocated as shown in the table below. There are 16 marks for skills and 4 marks for the demonstration and application of biological knowledge.






	Section of your Report

	Marks






	Stating your aim

	1






	Underlying biology

	4






	Data collection and handling

	5






	Graphical presentation

	4






	Analysis

	1






	Conclusion

	1






	Evaluation

	3






	Structure

	1






	Total

	20







The Assignment Report is marked by SQA. Although the Report is marked out of 20 marks, SQA will scale the mark up to 30, so that it makes up 20% of your overall course assessment and grading.


About this book


We have tried to keep the language used in this book simple and easy to understand and we have used the language of the Higher Biology Course Specification. This is the language used in the exam papers.


We suggest that you use this book throughout your Course. Use it at the end of each Key Area covered in class, at the end of each Area of biology in preparation for end-of-Area class assessment, before your preliminary examination and, finally, to revise the whole Course in the lead up to your final examination.


There is a grid on page x that you can use to record and evaluate your progress as you finish each Area of biology.


The Course content section is split into three sections, which cover the three Areas of Higher Biology. Each Area is divided into Key Areas, each of which covers a Course Specification Key Area. The Key Areas have four main features: Key points, Summary notes, Key words and Questions.


Summary notes


These give a summary of the knowledge required in each Key Area. You must read these carefully. You could use a highlighter pen to emphasise certain words or phrases and you might want to add your own notes in the margin in pencil or on sticky notes.
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Key points


Key points boxes list the pieces of knowledge that you need to demonstrate and apply in each Key Area. You can use these boxes to monitor your learning. You could use a traffic-light system to code each box – green for fully understood, orange for nearly there and red for needing to cover again.


The words in bold within Key points are vital and each is defined in the Key words section at the end of the chapter and also in the Glossary at the back of the book.
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There are diagrams to illustrate many of the key learning ideas.


The summary notes often contain Hints & tips boxes like that shown here.


In addition, the symbol shown on the left indicates that an important technique, which you need to know about for your exam, is described within the notes. There is always a Key links box beside the symbol which links to a question on the technique in the Skills of scientific inquiry chapter on page 146.
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Hints & tips


Where we offer a tip to help learning it is boxed like this. These tips can be very general or can be specific to the content of the Key Area. The tips are suggestions – don’t feel you need to use them all.
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Key words


Important words are listed at the end of each chapter along with their definitions. These are the crucial terms you need to know to do well in Higher Biology. After completing your work on a chapter, it is a good idea to make a set of flash cards using these words.
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Questions


A set of short answer and longer answer questions is found at the end of each chapter. These allow you to practise the demonstration of knowledge from the Key Area, and include a technique question and symbol as appropriate.


Standard answers are provided at the end of each set of chapters and it is recommended that you mark and correct your own work.
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Key links


These boxes alert you to topics that are linked to other Areas in the Course, and direct you to sections of the book where you can read or do more.
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Practice course assessment


We have included a Practice course assessment linked to each Area. These can give you an idea of your overall progress in the course. We have designed these Practice assessments to be like mini exam papers with multiple choice, structured and extended response items.


The questions are intended to replicate those you will meet in the course exam. They allow you to judge how you are doing overall. Some questions test knowledge and its application, while others test Skills of scientific inquiry. Question types are provided in roughly the same proportion as in your final exam.


Give yourself a maximum of 75 minutes to complete each test.


Mark your own work using the answers provided at the end of each Area. You could grade your work as you go along to give you an idea of how well you are doing in the course. The table below shows a suggested grading system:






	Mark out of 50

	Grade






	20–24 marks

	D






	25–30 marks

	C






	31–35 marks

	B






	36+ marks

	A








Skills of scientific inquiry: three approaches


The section on pages 146 to 168 covers the Skills of scientific inquiry and includes questions to test these. We have given three different approaches to revising these science skills and recommend that you use all three:






	4.1

	gives an example of a scientific investigation and breaks it down into its component skills. There are questions on each skill area.






	4.2

	goes through the skills one by one and gives you some exam-style questions covering the apparatus, techniques and skills you should know about.






	4.3

	provides sets of hints and tips on answering science skills exam questions.







Your Assignment


We give an introduction to the Assignment, some suggestions for suitable topics and some information, with hints, to help you complete the task. The table on page 172 has a checklist of points you need to cover in your Report.


Your exam


We give some hints on approaches to your final exams in general, as well as more specific tips for your Higher Biology exam.


Glossary


Here we have brought together the Key words that occur in the Course Specification for Higher Biology and their definitions in the context of the Key Area in which they first appear in the book. You could use the Glossary to make flash cards. A flash card has the term on one side and the definition on the other. Get together with a friend and use these cards to test each other.
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Answers


Answers are provided for all of the questions in this book. These are intended to replicate SQA standard answers but we have tried to keep the answers short, and any instructions simple, to make them easier to use – there will be other acceptable answers.
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Record of progress and self-evaluation


Use the grid below to record and evaluate your progress as you finish each of the Key Areas, and once you have completed and marked the Practice course assessment.
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Area 1 DNA and the genome



Key Area 1.1


Structure of DNA




[image: ]


Key points




  1  Genetic information is inherited. [image: ]



  2  DNA is a substance that encodes the genetic information of heredity in a chemical language. [image: ]



  3  DNA is a very long double-stranded molecule in the shape of a double helix. [image: ]



  4  Each strand is made up from chemical units called nucleotides. [image: ]



  5  A nucleotide is made up of three parts: a deoxyribose sugar, a phosphate and a base. [image: ]



  6  Deoxyribose molecules have five carbon atoms, which are numbered 1 to 5. [image: ]



  7  The phosphate of one nucleotide is joined to carbon 5 (5′) of its sugar and linked to carbon 3 (3′) of the sugar of the next nucleotide in the strand to form a 3′–5′ sugar–phosphate backbone. [image: ]



  8  There are four different bases called adenine (A), guanine (G), thymine (T) and cytosine (C). [image: ]



  9  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 together. [image: ]




10  Bases pair in a complementary way – adenine always pairs with thymine and guanine always pairs with cytosine. [image: ]




11  Base pairs are held together by hydrogen bonds. [image: ]




12  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. [image: ]




13  The two strands of a DNA molecule run in opposite directions and are said to be antiparallel to each other. [image: ]




14  The base sequence of DNA forms the genetic code. [image: ]




15  DNA is organised differently in different types of organisms. [image: ]




16  Cells can be divided into two groups based on how they organise their DNA – eukaryotes and prokaryotes. [image: ]




17  Prokaryotic cells do not have a distinct nucleus. They have a single, circular chromosome and smaller circular plasmids. [image: ]




18  Eukaryotic cells have a nucleus and membrane-bound organelles such as mitochondria and chloroplasts. [image: ]




19  They all have linear chromosomes in the nucleus, which are tightly coiled and packaged with associated proteins. [image: ]




20  The associated proteins are called histones. [image: ]




21  Eukaryotic cells also contain circular chromosomes in their mitochondria and chloroplasts. [image: ]




22  Yeast is a special example of a eukaryote as it also has plasmids. [image: ]
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Summary notes


Function of DNA


Genetic information is coded into the chemical language of DNA (deoxyribonucleic acid). This genetic information gives cells the ability to synthesise specific proteins that determine the cell’s structure and allow it to control metabolism. Copies of a cell’s genetic information are inherited by daughter cells when it divides.


Structure of DNA


Each DNA molecule is very long and has two strands coiled into the shape of a double helix. Each strand of the double helix is made up from nucleotides. Figure 1.1 shows a single DNA nucleotide made up of a deoxyribose sugar to which a phosphate group and a base are attached. The carbon atoms of the deoxyribose sugar are numbered from 1 to 5, as shown in the diagram.




[image: ]




Nucleotides are linked by their deoxyribose sugars and phosphates to form a strand with a sugar–phosphate backbone, as shown in Figure 1.2.




[image: ]




Two strands are connected by hydrogen bonding between complementary pairs of bases. The base adenine (A) always pairs with thymine (T) and guanine (G) always pairs with cytosine (C) making the two strands complementary to each other, as shown in Figure 1.3. Note that the strands run in opposite directions (antiparallel) depending on the bonding through the carbon atoms of the sugar–phosphate backbone. One strand has deoxyribose (3′) at one end of the molecule, but its complementary strand has a phosphate group (5′) at the same end of the molecule.




[image: ]


Hints & tips


The DNA strands are a bit like lanes of traffic on a road – they are essentially the same but run in opposite directions. This is what is meant by the term antiparallel.


[image: ]








[image: ]




Figure 1.4 summarises the structural features of a DNA molecule.
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Hints & tips


There are a number of features of DNA molecules that you should note for your exam:





[image: ]  double helix shape



[image: ]  sugar–phosphate backbones



[image: ]  antiparallel strands



[image: ]  hydrogen bonds linking strands



[image: ]  complementary base pairing rules applied to nucleotides.
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Organisation of DNA in cells


DNA is organised differently in the cells of organisms from different domains of life. In the domains Archaea and bacteria the cells are prokaryotic but in the domain Eukarya the cells are eukaryotic.




[image: ]


Key links


There is more about domains of life in Key Area 1.8 (page 32).
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Prokaryotic cells


In prokaryotic cells such as bacteria there is no distinct nucleus and the DNA is organised into circular chromosomes and plasmids, as shown in Figure 1.5.
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Key links


There is more about prokaryotic cells and DNA in Key Area 2.7 (page 84).
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Eukaryotic cells


In the nuclei of eukaryotic cells, the DNA is found tightly coiled into linear chromosomes and associated with proteins called histones that help to keep the DNA strands untangled, as shown in Figure 1.6.
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Eukaryotes also have small circular chromosomes within their mitochondria and within their chloroplasts in the case of plant cells, as shown in Figure 1.7.
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Yeasts are special eukaryotes because, although their DNA is also tightly coiled into linear chromosomes within the nucleus, yeast species also have plasmids in their cytoplasm. The following table provides a summary of the organisation of DNA in cells.
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[image: ]


Key words





3′–5′ – refers to the direction of a DNA strand with deoxyribose at the 3′ end and phosphate at the 5′ end



Adenine (A) – base that pairs with thymine in DNA (and uracil in RNA)



Antiparallel – parallel strands of DNA, running in opposite directions



Base – coding component of a nucleotide



Chloroplast – organelle in which the chemical reactions of photosynthesis occur



Chromosome – structure that contains the genetic material of an organism encoded into DNA



Cytosine (C) – base that pairs with guanine in DNA



Deoxyribose – pentose sugar that is a component of a DNA nucleotide



DNA – deoxyribonucleic acid; a molecule that holds the genetic code in living organisms



Double helix – three-dimensional shape of a DNA molecule



Eukaryotic – refers to a domain of life characterised by cells with a discrete nucleus



Guanine (G) – base that pairs with cytosine in DNA



Histones – proteins with which DNA is associated in linear chromosomes



Hydrogen bond – weak chemical link joining complementary base pairs in DNA



Mitochondria – cell organelles in which the aerobic stages of respiration occur (sing. mitochondrion)



Nucleotide – component of DNA consisting of a deoxyribose sugar, a phosphate group and a base



Phosphate – component of a DNA nucleotide that forms part of the sugar–phosphate backbone.



Plasmid – circular loop of genetic material found in prokaryotic organisms and some yeasts



Prokaryotic – refers to the domains of life characterised by cells with no discrete nucleus



Protein – large molecule made up from a chain of amino acids linked by peptide bonds



Sugar–phosphate backbone – strongly bonded strand of DNA



Thymine (T) – base that pairs with adenine in DNA



Yeast – a special eukaryote which contains plasmids
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Questions


Short answer (1 or 2 marks)





1  DNA is a complex double-stranded molecule made up from nucleotide units.







    a)  Describe the shape of a DNA molecule.


(1)


    b)  Describe how the two strands of DNA are held together.


(2)


    c)  Name the three components that make up a nucleotide.


(2)


    d)  Explain what is meant by the following terms as applied to DNA structure:








(i)   complementary


(2)



(ii)  antiparallel.


(2)








2  Suggest why yeasts are described as special eukaryotes.


(2)





Longer answer (3–10 marks)





3  Cells can be classified as prokaryotic or eukaryotic. Describe the organisation and distribution of DNA in a prokaryotic bacterium and a eukaryotic plant cell.


(4)



4  Describe the function of DNA and give an account of the structure of a DNA molecule.


(7)





Answers are on page 36.
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Key Area 1.2


Replication of DNA




[image: ]


Key points




  1  Replication is the process by which DNA molecules direct the synthesis of identical copies of themselves. [image: ]



  2  Prior to cell division, DNA is replicated by the enzyme DNA polymerase. [image: ]



  3  DNA polymerase needs primers to start replication. [image: ]



  4  A primer is a short complementary strand of nucleotides which binds to the 3′ end of the DNA template strand allowing polymerase to add DNA nucleotides. [image: ]



  5  DNA polymerase adds DNA nucleotides, using complementary base pairing, to the deoxyribose (3) end of the new DNA strand which is forming. [image: ]



  6  DNA is unwound and hydrogen bonds between complementary bases are broken to form two template strands. [image: ]



  7  DNA polymerase can only add DNA nucleotides in one direction from its 3′ end towards its 5′ end. This results in continuous replication of the leading strand while the lagging strand is replicated in fragments. [image: ]



  8  Fragments of DNA are joined together by the enzyme ligase. [image: ]



  9  The polymerase chain reaction (PCR) is a laboratory technique for the amplification of DNA. [image: ]




10  PCR amplifies DNA using complementary primers for specific target sequences. [image: ]




11  In PCR, primers are short strands of nucleotides which are complementary to specific target sequences at the two 3′ ends of the region of DNA to be amplified. [image: ]




12  Repeated cycles of heating and cooling amplify the target region of DNA. A cycle of PCR doubles the number of copies of a region of DNA. [image: ]




13  DNA is heated to between 92 and 98 °C to separate the strands. It is then cooled to between 50 and 65 °C to allow primers to bind to target sequences. [image: ]




14  It is then heated to between 70 and 80 °C for heat-tolerant DNA polymerase to replicate the region of DNA. [image: ]




15  PCR has a variety of practical applications. PCR can amplify DNA to help solve crimes, settle paternity disputes and diagnose genetic disorders. [image: ]




16  Macromolecules such as fragments of DNA from a source can be separated by gel electrophoresis. [image: ]
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Summary notes


Replication of DNA




[image: ]




DNA is the hereditary material of cells. It can make identical copies of itself by a process called replication. DNA replicates prior to cell division and copies are passed to daughter cells.


Figure 1.8 shows a cell with four linear chromosomes before and after their DNA has replicated and how the chromosomes then move to form daughter cells.


Stages in replication of DNA


The double helix of DNA is unwound by an enzyme and the hydrogen bonds that connect the two strands are unzipped. The unwinding and unzipping form a replication fork.




[image: ]


Key links


There is more about ATP production in Key Area 2.2 (page 59).


[image: ]





Primers are short complementary strands of nucleotides that allow DNA polymerase to bind. A primer joins the 3′ end of the 3′–5′ leading template strand and DNA polymerase adds free complementary DNA nucleotides to synthesise a complementary strand continuously.


DNA polymerase can only add nucleotides in the 3′ to 5′ direction, so on the lagging strand primers are added one by one into the replication fork as it widens. DNA nucleotides are added in fragments. These fragments are then joined by DNA ligase to form a complete complementary strand. The process requires energy, which is supplied by ATP produced by the cell’s respiration. The replication process is summarised in Figure 1.9.
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Hints & tips


In your exam you may be asked to state the requirements for DNA replication – these are DNA templates, free DNA nucleotides, primers, DNA polymerase and a source of energy (ATP).
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Importance of DNA replication


DNA replication is important because it ensures that identical copies of the genetic information of a species are passed on from cell to cell and from generation to generation, as shown in Figure 1.10. Each daughter cell has all the genetic information needed to produce the proteins to carry out its functions.




[image: ]


Key links


There is more about the synthesis of proteins in Key Area 1.3 (page 11).
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Hints & tips


Figure 1.10 illustrates the idea of vertical inheritance of genetic information from parents to offspring.
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Key links


There is more about inheritance patterns in Key Area 1.7 (page 26).
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Hints & tips


In vitro means outside the body of an organism – the opposite of in vivo, which means inside the body. DNA replication is in vitro but PCR is in vitro.
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Polymerase chain reaction


The polymerase chain reaction (PCR) is a laboratory technique that is used to amplify specific target sequences of DNA. The technique is carried out in vitro, which means that it happens outside the body of the organism in laboratory apparatus, and involves cycles of heating and cooling, as shown in Figure 1.11.


PCR involves exposing DNA to a series of temperature changes, known as thermal cycling. First the DNA is denatured between 92 °C and 98 °C, which separates the strands. Cooling to between 50 °C and 65 °C then allows complementary primers to bind to specific target sequences. The temperature is then raised to between 70 °C and 80 °C, when heat-tolerant DNA polymerase is used to synthesise new strands from free DNA nucleotides. These steps can be automated in a thermal cycling machine. Many repeated thermal cycles allow billions of copies of the target sequence to be produced.




[image: ]


Hints & tips


In PCR, the primers locate a specific sequence of DNA, which is a bit like looking for a needle in a haystack. Once the DNA ‘needle’ has been found it can be amplified to make its own ‘haystack’ of copies.
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Hints & tips


You should be able to calculate the number of DNA molecules present after a number of cycles in a PCR machine. Remember that after one cycle there are two molecules and the number doubles after every further cycle.


[image: ]





Figure 1.12 shows the pattern of amplification of a target sequence of DNA by the PCR process.
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Hints & tips


Heat-tolerant DNA polymerase comes from extremophile bacteria that live in hot springs. Their enzymes are adapted to work at high temperatures.


[image: ]
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Key links


There is an example of a question on gel electrophoresis in the Skills of scientific inquiry chapter on page 146.
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Gel electrophoresis


Gel electrophoresis is a technique which you need to become familiar with for your exam.


[image: ]


Gel electrophoresis is a method for separation of macromolecules, such as fragments of DNA, based on their size and electrical charge. Fragments are stained then placed in a well cut into a block of agarose gel. An electrical current is passed through the gel causing the fragments to move in the gel.




[image: ]


Key links


There is more about the action of endonucleases in Key Area 2.7 (page 84).
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Shorter fragments move faster and further than longer ones. The final positions of the fragments are indicated by bands of stain in the gel, known as a ladder or profile as shown in Figure 1.13.
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Applications of PCR


PCR has a variety of applications. In forensics it can be used to amplify tiny quantities of DNA from biological sources such as blood or semen. This allows confirmation of the presence of individuals at crime scenes from small samples of biological material. Other examples of the use of amplified DNA include settling paternity disputes and in the diagnosis of genetic disorders.




[image: ]


Hints & tips


Tiny samples of DNA from a crime scene can be amplified by PCR. The amplified samples are treated with endonucleases, stained, then passed through gel electrophoresis to produce unique DNA ladders called profiles or DNA fingerprints.


[image: ]
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Key words





DNA polymerase – enzyme that adds free complementary DNA nucleotides during replication of DNA



Gel electrophoresis – technique used to separate macromolecules, such as DNA fragments of different sizes



Heat-tolerant DNA polymerase – enzyme from hot-spring bacteria, used in PCR



Lagging strand – DNA strand that is replicated in fragments



Leading strand – DNA strand that is replicated continuously



Ligase – enzyme that joins DNA fragments to make the lagging strand



Polymerase chain reaction (PCR) – method of amplifying sequences of DNA in vitro




Primer – short complementary strand of DNA



Replication – formation of identical copies of DNA molecules



Template strand – DNA strand on which a complementary copy is made
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Questions


Short answer (1 or 2 marks)





1  The flow chart below shows temperature changes during steps in the polymerase chain reaction (PCR) procedure.




[image: ]









    a)  Describe the effect of the increase in temperature at step 1 on the structure of DNA.


(1)


    b)  State the need for the reduction in temperature at step 2.


(1)


    c)  Explain why the DNA polymerase used in step 3 can function at 70 °C, although the high temperature would denature most enzymes.


(1)


    d)  State the number of copies that would be present after one target sequence of DNA has passed through seven thermal cycles of PCR.


(1)


    e)  Describe one application of the PCR procedure.


(1)





Longer answer (3–10 marks)





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


(7)








3  Explain how PCR and gel electrophoresis can be used to identify the origin of a tiny sample of DNA from a crime scene.


[image: ]


(5)





Answers are on page 36.
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Key Area 1.3


Gene expression




[image: ]


Key points




  1  Gene expression is the process by which specific genes are activated to produce a required protein. [image: ]



  2  Gene expression involves the transcription and translation of DNA sequences. [image: ]



  3  Genes are expressed to produce proteins. [image: ]



  4  Only a fraction of the genes in a cell are expressed. [image: ]



  5  Transcription and translation involves three types of RNA (mRNA, tRNA and rRNA). [image: ]



  6  RNA is single stranded and is composed of nucleotides containing ribose sugar, phosphate and one of four bases: cytosine, guanine, adenine and uracil. [image: ]



  7  Mature messenger RNA (mRNA) carries a copy of the DNA code from the nucleus to the ribosome. [image: ]



  8  mRNA is transcribed from DNA in the nucleus and translated into proteins by ribosomes in the cytoplasm. [image: ]



  9  Each triplet of bases on the mRNA molecule is called a codon and codes for a specific amino acid. [image: ]




10  Transfer RNA (tRNA) folds due to complementary base pairing. [image: ]




11  Each tRNA molecule carries its specific amino acid to the ribosome. [image: ]




12  Ribosomal RNA (rRNA) and proteins form the ribosome. [image: ]




13  A tRNA molecule has an anticodon (an exposed triplet of bases) at one end and an attachment site for a specific amino acid at the other end. [image: ]




14  DNA in the nucleus is transcribed to produce messenger RNA (mRNA), which carries a copy of the genetic code. [image: ]




15  In transcription, the enzyme RNA polymerase moves along DNA unwinding the double helix and breaking the hydrogen bonds between the bases. [image: ]




16  RNA polymerase synthesises a primary transcript of mRNA from RNA nucleotides by complementary base pairing. [image: ]




17  Uracil in RNA is complementary to adenine. [image: ]




18  Eukaryotic genes have introns (non-coding regions) and exons (coding regions). [image: ]




19  The introns of the primary transcript are non-coding regions and are removed. [image: ]




20  The exons are coding regions and are joined together to form the mature transcript. [image: ]




21  The order of the exons is unchanged during splicing. [image: ]




22  RNA splicing forms a mature mRNA transcript. [image: ]




23  The mature mRNA transcript carries a copy of the DNA code from the nucleus to the ribosomes, where it is translated. [image: ]




24  tRNA is involved in the translation of mRNA into a polypeptide at a ribosome. [image: ]




25  Most codons code for specific amino acids but there are also start codons and stop codons. Translation begins at a start codon and ends at a stop codon. [image: ]




26  Amino acids are carried by specific tRNA molecules. [image: ]




27  tRNA anticodons align and bond to mRNA codons by complementary base pairing, translating the genetic code into a sequence of amino acids. [image: ]




28  Peptide bonds join the amino acids together to form a polypeptide. [image: ]




29  Following polypeptide formation, tRNA exits the ribosome to collect further amino acids. [image: ]




30  Different proteins can be expressed from one gene, as a result of alternative RNA splicing. [image: ]




31  Different mature mRNA transcripts are produced from the same primary transcript depending on which exons are retained. [image: ]




32  Amino acids are linked by peptide bonds to form polypeptides. [image: ]




33  Polypeptide chains fold to form the three-dimensional shape of a protein, held together by hydrogen bonds and other molecular interactions between individual amino acids. [image: ]




34  Proteins have a large variety of shapes which determines their functions. [image: ]




35  Gene expression results in proteins which determine the phenotype of an individual organism. [image: ]




36  Environmental factors also influence phenotype. [image: ]






[image: ]





Summary notes


The genetic code


The base sequence of DNA forms the genetic code. This code is found in all forms of life, which suggests that all life originated from a common ancestor.




[image: ]


Key links


There is more about the idea of common ancestors in Key Area 1.8 (page 32).


[image: ]





Genes are the units of genetic code that make up the genotype of an organism. These are expressed to produce proteins, which form the structure and control the functions of the organism. The phenotype of an individual organism is determined by the proteins produced by the expression of its genes. Only a fraction of the genes in a cell are expressed depending on the proteins required by that cell.


Figure 1.14 summarises how gene expression and environmental factors influence the phenotype of an organism.




[image: ]






[image: ]


Key links


There is more about which genes in a cell are expressed in Key Area 1.4 (page 17).


[image: ]





Structure and function of protein


Protein molecules are polypeptide chains (Figure 1.15). A polypeptide is a chain of amino acids held together by peptide bonds. The polypeptide is folded to give a protein with a three-dimensional shape held in place by hydrogen bonds and other interactions between individual amino acids. The shape of a protein is linked to its function.




[image: ]




Functions include structural components of cells and enzymes as shown in the following table.




[image: ]


Key links


There is more about the electron transport chain in Key Area 2.2 (page 59).


[image: ]
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Key links


There is more about the action of enzymes in Key Area 2.1b (page 51).


[image: ]





Stages of gene expression


Genes are expressed in two main stages, transcription and translation. In transcription, a copy of the gene in the form of a molecule called mRNA is created. In translation, a specific sequence of amino acids is built up using the mRNA code. These stages are shown in Figure 1.16.




[image: ]




Ribonucleic acid (RNA)


Gene expression relies on various forms of RNA. RNA is very similar to DNA but has differences mainly in the nucleotides that it is made up of. DNA nucleotides have deoxyribose sugar but RNA nucleotides have ribose. DNA nucleotide bases are adenine, thymine, guanine and cytosine. In RNA, the base uracil (U) replaces thymine. Uracil also pairs with adenine in complementary base pairing. RNA is single stranded although there can be some base pairing of nucleotides. RNA nucleotides are shown in Figure 1.17.




[image: ]




There are three types of RNA. Messenger RNA (mRNA) carries a complementary copy of the genetic code from the DNA in the nucleus to the ribosomes in the cytoplasm. Transfer RNA (tRNA) carries specific amino acids to ribosomes, where they can be assembled to form polypeptide chains. Ribosomal RNA (rRNA) is combined with proteins to make up the structure of ribosomes.


Transcription


In the first step, the enzyme RNA polymerase unwinds and unzips the double helix of the gene to be expressed and aligns free RNA nucleotides against the exposed DNA nucleotides of the template strand. Complementary base pairing ensures correct positioning of RNA nucleotides, which are then joined to form a primary transcript. The primary transcript is a complementary copy of the gene made up of groups of three bases called codons, as shown in Figure 1.18. Primary transcripts start with start codons and finish with stop codons.




[image: ]




Each transcript has introns and exons. Introns are non-coding regions and are removed from the primary transcript, leaving coding regions known as exons. The exons are then spliced together to form a mature mRNA transcript, as shown in Figure 1.19.




[image: ]




The alternative splicing shown in Figure 1.19 allows a primary transcript to form different mRNA molecules depending on which exons are included in the mature mRNA. Exons are always kept in the same order after splicing. In this way, a DNA sequence may be expressed in different ways in cells of different tissues or cells of different ages.
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