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HIGHER BIOLOGY
Unit 1 - DNA and the Genome
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DNA – Deoxyribonucleic acid
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DNA (deoxyribonucleic acid) is a complex molecule that stores an organism’s genetic 

information and is present in all living cells. An organism’s DNA determines its 


genotype and 
contains a genetic code that determines the structure of proteins that 

an organism produces.
Structure of DNA      (Pages 2-9)
1.  Name the basic repeating subunits that make up the strands of DNA.
2.  Name the three parts that make up a DNA nucleotide.
3.  State how many carbons a deoxyribose sugar molecule has.
4.  Name the four types of organic base that can join with the deoxyribose sugar to make four 
   different types of nucleotide.
5.  State the number of the carbon atom to which a base attaches.
6.  State the number of the carbon atom to which a phosphate group attaches.
· Complete the ‘Structure of a DNA nucleotide’ diagram from your pack
7.  Describe in detail the sugar-phosphate backbone. Describe exactly how the phosphate 
  group of one nucleotide joins to another nucleotide stating the number of the carbon of 
  the deoxyribose sugar to which the phosphate group joins.
8.  Name the type of bonds that form between bases.
9. Describe the base pairing relationship that exists between the four bases.
10. Describe the antiparallel structure of DNA giving details of the 3’ end and the 5’end.
11. Explain why it is essential that a DNA molecule is coiled into a double helix.
· Complete the ‘Antiparallel strands’ diagram from your pack into your notes
· Complete the ‘cut and stick’ exercise ‘Build DNA’ using the diagrams in your pack. 
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Related Learning – Establishing the structure of DNA
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Read the information on page 9 of the Higher textbook and then answer the questions below.

1.  Describe what Erwin Chargaff did in the 1940’s and what rule did he establish

2.  What technique did Wilkins and Franklin use to obtain a three – dimensional picture of   

      DNA and explain how this technique was used
3.  Give a brief account of what Watson and Crick’s deduced about the structure of DNA in     

     1953.  

 (Write a paragraph that outlines everything you have learned about the structure of DNA)
Organisation of DNA
Prokaryotes and Eukaryotes    
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The distinction between prokaryotes and eukaryotes is considered to be the most 
important distinction among groups of organisms. 


The main features of prokaryotic cells and eukaryotic cells are summarized in the 
table below.

	Prokaryotic cells
	Eukaryotic cells

	Do not contain a nucleus
	Contain a membrane bound nucleus

	Do not contain membrane bound organelles such as mitochondria and chloroplasts
	Contain membrane bound organelles such as mitochondria, chloroplasts and other associated structures

	DNA is circular and is not coiled around proteins
	DNA found within the nucleus is linear and coiled around proteins

	Contain ribosomes
	Contain ribosomes

	Example- Bacteria
	Example – all animal and green plant cells and fungi


Circular or Linear DNA
(Pages 10-11)
1.  State how many chromosomes a bacterium contains and state how the DNA is organized.
2.  State the name of the separate DNA structures that bacteria and some yeasts contain 
      and describe their structure.

3.  Name two cell organelles (not including the nucleus) found in Eukaryotes that also 

     contain DNA and describe how it is arranged.
Arrangement of DNA in linear chromosomes
(Page11)
1.  Describe how the DNA contained within the nucleus of a eukaryote is arranged.

2.  Explain why it is essential that DNA is arranged in this way within the nucleus of 
· Complete the ‘Arrangement of DNA in Linear Chromosomes’ diagram 
· Complete the ‘Prokaryotic and Eukaryotic Cell Summary’ table 
Questions
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Testing Your Knowledge
Page 14
Questions 1-4

Related Learning – DNA Gel Electrophoresis

· Your teacher will show you a presentation on DNA Gel Electrophoresis
· Read the information on Pages 11 and 12 of the textbook that looks at how Gel Electrophoresis can be used to separate DNA.

1.  Describe what the technique of Gel Electrophoresis is and how it can be 

      used to separate DNA.

2.  Before a sample of DNA can be separated using Gel electrophoresis 
      restriction enzymes are used.  Explain what restriction enzymes do to DNA.
3.  State whether DNA is a negatively or positively charged molecule.  Explain your answer.
4.  The steps below indicate how Gel Electrophoresis could be used to provide 

      evidence to solve crimes.  Only the first two steps are in the correct order.  

Write out all the steps in the correct order

1. Three samples of DNA are collected:  DNA from the crime scene, DNA from 


     suspect 1 and DNA from suspect 2.

2. The three samples of DNA where treated with individually with the same 
  

                  restriction enzymes.  The DNA in each sample was now cut into smaller pieces 

                  varying length.
· De-staining solution added to the gel to reveal blue banding patterns of each DNA sample.
· Molten agarose gel is poured into gel casing tray and comb inserted to make wells.

·  Power supply is switched on and DNA fragments in the sample become separated as they move through the gel.

· Comb removed leaving wells in gel followed by the addition of a buffer solution.
· Blue stain added

· Different DNAsamples added to each well
· Banding patterns are analysed for a match between the crime scene DNA and suspects DNA
· Insert the Gel Electrophoresis diagram from your pack into your notes

Replication of DNA
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Before a cell divides it must replicate its DNA to ensure that the genetic code is 

                passed on to the next generation of cells.  DNA is a unique molecule because it is 

                able to direct its own replication and reproduce itself exactly.  DNA replication 

                begins with the DNA strand unwinding and the two strands separating.  Each strand 

                is then used as a template to produce two identical DNA molecules 

                containing one ‘parental’ strand and one newly synthesised strand.  This method of 

                replication is called semi- conservative replication.
Semi- conservative replication   (Pages 14-17)
· Copy the diagram below into your notes using two different colours to represent the ‘parental’ strand and newly synthesised strand in the daughter molecules
[image: image31.emf]
[image: image32.jpg]Number of substitutions

80— ] shark
1 carp
60 —
platypus o ARG
40— 3 O chicken
20— cCow
0 l I I | .
0 100 200 300 400 500

Time to common ancestor



[image: image33.emf]
· Copy Figure 1.19 DNA replication (text book page 14) into your notes.  This illustration gives a simple overview of semi-conservative replication.
· Explain the importance of semi-conservative replication of DNA
 Enzyme control of DNA Replication 
(Pages 18 – 21)


DNA replication is a complex process that is controlled by two main enzymes: DNA 

polymerase and DNA ligase.  
1.  State the first event that occurs during the replication of DNA

2.  Name the bonds that break to allow the separation (unzipping) of the two DNA strands.

3.  What name is given to the sites of replication where the DNA strands have separated?



DNA replication can only add DNA nucleotides in one direction resulting in one 


strand being replicated continuously (the leading strand) and the other strand (the 

lagging strand) being replicated in fragments.

· Your teacher will now show you a presentation on DNA replication that covers the formation of the leading and lagging strands of DNA.

4.  List the five requirements that must be present in the nucleus before DNA replication 

     may occur.
5.  State the exact function of DNA polymerase during DNA replication

6.  Explain what a primer is.

7.  DNA replication can only start at one end of a DNA strand.  State what end this is.

8.  Explain why the formation of the leading DNA strand is described as being continuous.

9.  Explain why the formation of the lagging DNA strand is described as being discontinuous
10. State the role of DNA ligase during the formation of the lagging DNA strand

11. Describe what happens to the primers after a fragment of DNA has been successfully  

       replicated.
· Complete the DNA Replication diagram from your pack.

DNA Replication – Summary
	DNA is an enzyme controlled process.



	For DNA replication to occur the following must be present in the nucleus. 

*Original DNA strands to act as a template

*Primer (allows a starting point for replication to occur)
*a supply of the four types of DNA nucleotides

* DNA polymerase and ligase

*a supply of ATP for energy



	Replication begins with DNA unwinding and the hydrogen bonds between bases breaking allowing the two strands to separate creating a replication fork.


	DNA polymerase now adds nucleotides to the 3’end of a strand moving in only one direction. Individual nucleotides are aligned with their complementary partners (A with T, G with C).


	The leading strand forms continuously as  sugar-phosphate bonding occurs between nucleotides ( a primer is required to start the process off)


	DNA polymerase is only able to add nucleotides to the free 3’end of growing strand.  Therefore the DNA parental strand which has the 5’end has to be replicated discontinuously in fragments.


	The fragments are then joined together by the enzyme ligase to form the lagging strand and complete the replication process.


	DNA coils back up into a double helix





**Key Point- Be able to describe the EXACT roles of DNA polymerase and ligase**
	ENZYME
	FUNCTION IN DNA REPLICATION

	DNA POLYMERASE
	Joins complementary nucleotides to the 3’ end/deoxyribose end/primer

	LIGASE
	Bonds fragments of replicated DNA into lagging strand


Polymerase Chain Reaction (PCR)
The polymerase chain reaction (PCR) is a processing technique in which a piece of DNA is duplicated many times in vitro (outside the body) to produce a viable quantity of DNA for scientific study.  Copying DNA in this way is called amplification.
Uses of PCR        (page 23)
1.  DNA can be amplified from many sources.   Give examples of 5 sources from which DNA 
      has been amplified by PCR and explain the scientific purpose/use in each case.

PCR – the process
(pages 21 -24)
PCR depends on a process called thermal cycling.  This involves the DNA that is being amplified undergoing three steps that are carried out at different temperatures.  PCR is now a fully automated process that is carried out in a PCR machine called a thermocycler.

· Your teacher will now show a presentation and animation that outlines the main stages of PCR

2.   All the requirements for the PCR process are put into a ‘tube’ at the beginning of the 

      process.  State the 6 main components that are required for PCR.

· Complete the PCR Test Tube diagram from your pack

3.  Explain what a primer is and their purpose in PCR. (Give detail about which end of the    

     DNA a primer bonds with)

4.  Describe in detail the three main steps of the PCR process and state the temperatures 

     required for each stage.

· Complete the PCR Summary table from your pack

5.  Explain why the DNA polymerase used in the PCR process requires to be heat tolerant.

6.  Find out the specific name of the heat tolerant DNA polymerase enzyme used in PCR and 

     where this enzyme comes from.

· Complete the PCR Process diagram from your pack
7. If 20 cycles of PCR take place what will be the total number of DNA stands amplified?

Questions 






Testing Your Knowledge
Pages 24 & 25

Questions 1-3

Protein Structure


There are 20 known amino acids used in proteins. The length of a protein molecule 

varies from many thousands of amino acids to just a few. The structure and function 

of a protein is determined by the sequence of amino acids and the types of 


connections between the amino acids.
Primary Structure
1. State what chemical elements are present in proteins.

2. What determines the order of amino acids in a protein?
3. How many bases code for one amino acid?
4. What name is given to the chain formed when several amino acids become linked together?

5. What type of bond joins amino acids to form a protein?

Secondary Structure
1. Name the type of bonds formed between certain amino acids to coil or fold the 
 
 
  polypeptide chains.

Tertiary Structure


During the folding process interactions between individual amino acids results in 


various types of cross-connections. These include bridges between sulphur atoms 

and further hydrogen bonding. This forms a 3D shape.
1. Describe 2 ways in which chains of amino acids can become arranged to form a protein.

2. Name the 2 types of protein produced.
· Complete the Protein Structure diagram sheet.

Types of Protein
· Copy and complete the following table
	Type of Protein
	Example of Protein
	Properties of Protein

	
	keratin
	

	
	
	Structural/ support

	
	enzyme
	

	
	
	Very specific to particular antigens


Related Learning – Chromatography

Chromatography is a technique used to separate components of a mixture which differ in their degree of solubility. This was used to separate a mixture of amino acids.

A concentrated spot of amino acids was placed on the origin and one end of the chromatography paper was placed in a solvent. As the solvent passes up through the paper, it carries the amino acids up to different levels, depending on their solubility. 

The chromatogram was allowed to run until the solvent has almost reached the top of the paper. The solvent carries the most soluble amino acids to the highest position. The different amino acids show up as spots as shown in the results below.

Results

Each amino acid separated has an Rf value. This can be calculated using the equation below:

Distance moved by the amino acid front from the origin

        Distance moved by the solvent from the origin

1. Complete the table using the information in figure 1. 


	Amino acid
	Distance moved by amino acids front (mm)
	Rf Value

	1
	
	

	2
	
	

	3
	
	



    Fig. 1

	Amino Acid
	Rf value

	Histidine
	0.11

	Arginine
	0.20

	 Aspartic Acid
	0.24

	Glycine
	0.26

	Glutamic Acid
	0.30

	threonine
	0.35

	Alanine
	0.38

	Asparagine
	0.50

	Methionine
	0.55

	Valine
	0.60

	Phenylalanine
	0.68


2. Identify the three amino acids from the chromatogram using the table below.


Related Learning – Gel Electrophoresis of Protein


Gel electrophoresis is a technique used to separate electrically charged molecules that vary in size by subjecting them to an electric current which forces them to move through a sheet of gel.

 Gel electrophoresis was used to separate the proteins present in extracts from four fish species. The smaller the protein the further they travel through the gel. A protein fingerprint is produced.

    The protein fingerprint results are shown below.

Results

1. Which species contain protein with the smallest molecules?

2. Which species contain protein with the largest molecules?

3. Suggest which 2 samples were obtained from fish species that are closely related.
Control of Gene Expression



An individual’s genotype is determined by the sequences of bases on DNA. The 


phenotype of that individual is determined by proteins that are synthesised when 

genes are expressed.
1. What is a gene?

2. What information does a gene carry?

3. State the name of the two processes that gene expression involves.

4. What factors influence gene expression?


Only a fraction of genes in a cell are expressed.

Ribonucleic Acid (RNA)
1. Describe 3 differences between a DNA molecule and a RNA molecule

2. Name the two types of RNA involved in gene expression.

Transcription



mRNA carries a copy of the DNA code for a gene from the nucleus to a ribosome in 

the cytoplasm. The genetic code on the DNA is used to determine the base sequence 

on the mRNA.
Primary Transcript
1. Describe what codons are.

2. Copy and complete the following passage.
During the process of transcription part of the _________ molecule splits open exposing its bases. Free __________ nucleotides are attracted to the exposed ________ and ______________________ base pairing takes place. The RNA nucleotides are joined together by sugar- ________________ bonds. When the mRNA is complete it breaks away from DNA.

3. Copy and complete the following diagram which shows bases on a strand of DNA and the 
  complementary bases on a strand of mRNA.

4. Name the region on DNA where transcription is started.

5. Describe the role of RNA polymerase.

6. When does the adding of nucleotides to the mRNA molecule stop?

7. What is the name given to the mRNA stand produced?

· Complete the Transcription diagram sheet.

Mature Transcript


 Long stretches of DNA in a gene do not play any part in the coding of a polypeptide 

so the primary transcript of mRNA has a fragmented code.

1. Name the non-coding regions of DNA.
2. Name the coding regions of DNA.

3. Describe what happens to the non-coding regions of the primary transcript of RNA.

4. Where does this process take place?

5. Describe what happens to the coding regions of the primary transcript of RNA.
6. What name is given to this process?
7. What is the name given to the mature transcript produced?

· Complete the RNA Splicing diagram using the following terms:
mRNA (mature transcript)

Primary transcript

Intron

Exon






RNA Splicing


DNA
Start and Stop Codons



Start and stop codons exist. Start codons code for the first amino acid in a 


polypeptide. Stop codons do not code for amino acids.
Ribosome

   
Translation takes place at a ribosome. rRNA (ribosomal RNA) and protein form the 

ribosome.
1. Name 2 locations of ribosomes in the cell.
2. What are cytoplasmic proteins and which ribosomes are the site of their synthesis?
3. What are secretory proteins and which ribosomes are the site of their synthesis?

Translation

Translation is the synthesis of protein as a polypeptide. During translation the triplets 
           of bases on mRNA are used to determine the sequence of amino acids in a protein.
1. What name is given to a triplet of bases on mRNA?

2. What does a triplet of bases on mRNA code for?

3. Describe the structure of tRNA. 

4. What is an anticodon?

· Complete the tRNA diagram sheet


Triplet codons on mRNA and anticodons on tRNA translate the genetic code into a 
           sequence of amino acids.

5. Describe the role of tRNA in transcription.
6. Explain why every cell has as many types of tRNA as there are types of amino acids.





There can be more than one codon for a particular amino acid.
1. Which high energy molecule is required for this process?
· Complete the Translation diagram sheet.
· Copy and complete the summary below


One Gene, Many Proteins




Multiple proteins can be expressed from one gene. Two processes involved are: 


alternative RNA splicing and post-translational modification. 

Alternative RNA Splicing

Different mature transcripts are produced from the same primary transcript 

           depending on which RNA segments are treated as exons and introns.
1. Copy the Alternative RNA splicing diagram below showing two possible mRNA molecules 
  produced from the same gene. Label the diagram Primary transcript and Mature 
 
  transcript.


2. Give an example of proteins produced from one gene due to alternative RNA splicing.

Post-Translational Modifications


Once translation has been completed, the protein’s structure can be altered to 

              enable it to perform its function or to produce a different protein.

1. Describe 2 ways protein structure can be altered.

2. Give an example of proteins that are altered in each of these ways.

Protein Secretion
Cytoplasmic proteins are released straight into the cytoplasm for use inside the cell. 
           Secretory proteins pass through the endoplasmic reticulum and then to the Golgi 

           apparatus.

1. Describe the function of the Golgi apparatus.

2. State 2 examples of proteins secreted from cells.

3. Name the process involved with the secretion of proteins from within a cell.

4. Name 2 cells which contain large numbers of Golgi.
· Complete the Protein Secretion diagram sheet.
Cellular Differentiation




All cells in multicellular organisms have arisen from a zygote by repeated cell division. 
           The unspecialised cells possess all the genes for constructing the whole organism.     
           These genes have the potential to be switched on and off.
1. Name the process by which relatively unspecialised cells become specialised in order to 
  perform a particular function.
2. Under normal circumstances can differentiated cells return to an undifferentiated state or 
  change into other cell types?



Following differentiation, a cell only expresses certain genes that produce proteins 

characteristic of that cell type.

· Complete the Cellular Differentiation diagram sheet.

Differentiation in Plants




Regions of unspecialised cells in plants that are capable of cell division are called 

              meristems.
1. Name 2 types of meristem.

2. Describe where each meristem is found in a plant and what effect division at these areas 
  has on the plant.
3. Name and describe 2 examples of specialised cells that have differentiated from 
   
  meristematic cells.
Differentiation in Animals



Relatively unspecialised cells in animals that can not only continue to divide, but also 

differentiate into specialised cells of one or more types are called stem cells.
1. Name 2 types of stem cells.

Embryonic Stem Cells (Totipotent)



An embryonic stem cell has all the genes required for constructing the whole 

              organism switched on, or the potential to be switched on.
1. What name is given to the early embryo where embryonic stem cells are found?

2. What range of cells can embryonic (totipotent) stem cells differentiate into?
Embryonic stem cells can be grown relatively easily in culture
Tissue (Adult) Stem Cells (Pluripotent)




A tissue stem cell has genes that have already been switched off.
1. What range of cells can tissue stem cells differentiate into?

2. Give an example of the types of cells that tissue (pluripotent) stem cells are able to 
  
  continuously replenish or replace?

· Complete the Stem Cells diagram sheet.

Stem Cell Research



Stem cell research provides information on how cell processes such as cell growth, 

differentiation and gene regulation work. Stem cells can be used as model cells to 

study how diseases develop or for drug testing.
1. What 2 organism’s stem cells are used to carry out research?

Therapeutic Use of Stem Cells 





Stem cells can be used to repair damaged or diseased organs and tissues.
1. Describe 2 current therapeutic uses of stem cells.

2. Describe a potential therapeutic use of stem cells.
Ethical Issues
1. Explain why the use of stem cells raises ethical issues.

2. Describe what is an induced pluripotent stem cell is. 

3. Describe why the use of induced pluripotent stem cells may solve some ethical issues.


Nuclear transfer techniques involve removing the nucleus from an egg (e.g. cow) and 
           replacing it with a nucleus from a donor cell (e.g. human). When this technique is 
    
           used to produce stem cells, they can be used for research purposes only. However,     
           some feel that it is unethical to mix materials from human cells with those from 
    
           another species.

Regulation



In the UK, the use of stem cells in research is carefully regulated.
1. Describe how the use of stem cells in research is regulated, what this ensures and what it 
  prevents.

Genome and Mutations
Structure of the Genome
        
The genome of an organism is the sum total of all the hereditary genetic material 

within an organism. An organism’s genome consists of the genetic information 


encoded in the DNA of a complete set of chromosomes. This genetic information is 

split up into coding sequences and non-coding sequences.


(Pgs 56-57)
1. What name is given to sequences of DNA bases that code for protein? 
2. What do non-coding sequences do? 
3. What name is given to the 3 transcribed forms of RNA that are never translated?

Mutations

        
A mutation is a change in the structure or amount of an organism’s genetic material 

that can result in no protein or an altered protein being expressed. When such a 


change in genotype produces a change in phenotype, the individual affected is called 

a mutant.

            (Pg 58)
1. Describe the frequency of naturally occurring mutations.

2. Explain what a mutagenic agent is.

3. Give 4 examples of mutagenic agents.

Gene Mutations

        
Single gene mutations involve the alteration of the DNA nucleotide sequence as a 

result of the substitution, insertion or deletion of nucleotides.


(Pgs 59-63)
· Complete the Single Gene Mutations diagram from your pack.

Forms of Mutation
1. Explain why insertion and deletion of nucleotides has a greater effect on the genome than substitution, using the terms point and frame-shift mutations.

2. Point mutations can also be classified according to the effect they have on the sequences of amino acids in the protein synthesised. Explain the following terms using the table below:

· Neutral

· Silent

· Missense

· Nonsense

· Splice-site
	Type of mutation
	Description
	Effect on protein

	Neutral
	
	

	Silent
	
	

	Missense
	
	

	Nonsense
	
	

	Splice-site
	
	


Questions







Testing Your Knowledge
Page 66
Questions 1-4
Related Learning - Geographical variation in incidence of sickle-cell trait

Read the information on pg 65 of the textbook to answer the following questions. 

1. What is the presence of abnormal haemoglobin S a result of?

2. Describe the structure of abnormal haemoglobin and the problem this causes?

3. What symptoms arise from the presence of abnormal haemoglobin?

4. What alleles does a person with sickle-cell trait possess?
5. Describe the selective advantage that exists in Malarial regions of Africa.
Chromosome Mutations

        
Chromosome mutations involve the breakage of one or more chromosomes bringing 

about a change in the number or sequence of genes in a chromosome.


(Pgs 66-68)
1. Name the four types of chromosome mutation.

· Complete the Chromosome Mutations diagram from your pack
Related Learning-Gene duplication and alpha and beta globins in haemoglobin

Read the information on pgs 69-70 of the textbook to answer the following questions. 
1. Describe the structure of a molecule of haemoglobin?

2. Explain the meaning of the term ‘Multigene family’.
3. Explain the differences in haemoglobin structure of a foetus and adult.
Importance of Mutations

         
Mutations increase variation, which is the raw material for Evolution.


(Pgs 63 & 67)
1. Explain why without mutations all organisms would be homozygous for all genes.

2. Explain the importance of gene duplication in evolution, including an example.

Polyploidy

        
An error may occur during gamete formation or cell division when all the matching 

chromosomes fail to separate, due to spindle fibre failure. This results in a type of 

chromosome mutation where cells receive one or more extra sets of chromosomes. 

This is called polyploidy.


(Pgs 70-72)
1. What terms are used to describe an organism with 3 and 4 copies of the genome?

2. Name 3 polyploid plants.

3. What effects does polyploidy give to the plants?

4. Why is polyploidy rare in animals.

Importance of Polyploidy

1. Discuss the importance of polyploidy in evolution.

2. Discuss the economic importance of polyploidy in human food crops.
Questions







Testing Your Knowledge
Page 74
Questions 1-3

Evolution
Evolution is the slow change in the genome of a population occurring 
over successive generations which leads to changes in the characteristics of the organisms in that population. Species around today exist in their current form because of these past changes to the genomes.
Gene transfer
Over successive generations, genes coded for by sections of DNA are passed on from parent to offspring. In sexual reproduction new 
combinations of genes come about during the formation of gametes. The offspring of such parents will always be genetically different to their 
parents, and indeed to each other. We call this inheritance vertical inheritance. It is commonly shown as a family tree.



In asexual reproduction there are no new combinations of genes as there are no gametes produced. This leads to all successive generations sharing the same genome as the original parents and each other. These successive generations show no variation. As in sexual reproduction, we also call this inheritance vertical inheritance as genes are transferred from parent(s) to offspring.

Summary of vertical inheritance (pages 76 and 77)
· Copy figure 5.1 and 5.3 into your notes
Horizontal transfer of genetic material
As well as vertical transference, prokaryotic cells and viruses may also exchange genetic material horizontally. This allows genes to not only be passed on by the normal reproductive methods from parent to offspring, but also from and to members of the same population. This horizontal transfer may allow the addition of genes from prokaryotes and viruses to the genomes of eukaryotic cells. It is thought that the horizontal transfer of genetic material to increase the genomes of eukaryotes, allowed a much faster evolution of the benefitting eukaryotes.

 (pages 76-78)
1. Explain why might high rates of horizontal gene transfer be regarded as being of great benefit to the early stage evolution of eukaryotic cells?

2. Why might it also not be the case, and indeed be regarded as being a bit of a gamble?

3. Using named examples, describe the benefits of the horizontal transfer of genetic material to both prokaryotes and eukaryotes.

4. Describe why the benefits stated in question 3, may be harmful to humans.
Bacteria use their plasmids to facilitate horizontal transfer.  Copy the following diagram into your notes.

Selection

​​​​

Over time the occurrence of certain DNA sequences change. Some sequences 


increase in frequency and some decrease. Those that increase in frequency have 


been selected for. Those that decrease in frequency have been selected against. 


Both selections take place in a non-random manner and take the form of natural 

selection or sexual selection.
Natural Selection
   (Pages 78, 79)
In 1858 Charles Darwin and Alfred Wallace (pictured below) presented a joint paper that suggested the main driving force behind evolutionary change is natural selection.

1.  Outline the six main points Darwin used to explain his theory of natural selection
2.  Explain in terms of natural selection the rise of insecticide resistant insects.

Sexual Selection  
(pages 80-83)
1.  Explain why male animals often find themselves in competition for females to mate with.

   (Discuss the differences between gamete production in male and female animals)


Sexual selection is the process of selection for traits that increase the reproductive 

success of the species.  It is a non-random process that operates in the two ways: 

male to male competition and female choice.  These processes result in the increase 

in frequency of genetic sequences (alleles of genes) that increase the rate of 


successful reproduction among members of the species.
Male to male competition
1.  Name two ‘resources’ that male animals compete aggressively for.
2. Competition between males often involves weapons.  Give an example of a male animal 
  that uses weapons when competing.

3. Describe the characteristics of the males who win such competitions and explain the 
   
  benefits to the species as a result.

Your teacher will now show you the following clips of male to male completion:

· Red Deer Stags
https://www.youtube.com/watch?v=XEUITOdUXQQ
· Giraffes

https://www.youtube.com/watch?v=fKVYAqtKBVI
· Various species
https://www.youtube.com/watch?v=nrW7PLvCQ9k
Female Choice
Females select males which they consider high quality depending on the characteristics they display. This process is very common in many species of birds where the male is usually the brighter and more decorative of the sexes.
1.  Describe the process of female choice in peacocks.  Give details of the male   

     characteristics that are most desirable to peahens.
2.  Explain the importance of female choice in sexual selection.

Your teacher will now show you a clip of the male bird of paradise trying to impress females.

https://www.youtube.com/watch?v=W7QZnwKqopo
Related Learning- Investigating sexual selection in brine shrimp

Read the information on pgs 81-82 of the textbook.  Write a summary paragraph of the results of the investigation.
Types of selection for a quantitative trait

Both natural selection and sexual selection can be depicted in three ways, which 
describe the fitness of a phenotype or how well a phenotype succeeds in an 
environment.  The three forms of selection are:
· Stabilising selection

· Directional selection

· Disruptive selection

Read the information on page 33 of this booklet and then complete the questions below.

1.   State the type of phenotype that is selected during stabilising selection.
2.   Describe two examples of stabilising selection (use the text book and the information    

      overleaf)
3.   Does stabilising selection increase or decrease genetic diversity?

4.   Sketch the bell shaped distribution curve associated with stabilising selection, shading in 

       the area where phenotypes are selected

5.   State the type of phenotypes that are selected during disruptive selection.

6.   Describe an example of disruptive selection.

7.   Sketch the bell shaped distribution curve associated with disruptive selection, shading in 

       the areas where phenotypes are selected.

8.   State the type of phenotype that is selected during directional selection.
9.   Under what circumstances does directional selection occur.

10. Describe two examples of directional selection (use the text book and the information    

       overleaf)

11. Sketch the bell shaped distribution curve associated with directional selection, shading 

       in the areas where phenotypes are selected.

· Insert the ‘Types of selection for a trait summary’ into your notes
Questions







Testing Your Knowledge
Page 84
Questions 1-4

	TYPES OF SELECTION


1. Stabilising Selection 
In this case, the average phenotype is selected and the extremes survive much less well, possibly even disappearing. As an example, birds in a particular environment may have a range of colourings from light to dark. If the climate were to change to dull and overcast, then the white and black individuals would stand out and become prey to predators. The result would be an increase in grey birds because their grey (average) colour was selected for. 
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2. Disruptive Selection 
In this case, it is the extreme values of phenotypes that are chosen and those with average fitness are selected against. As an example, assume the same bird population as before, but now the climate changes and becomes colder with snow persisting in part of the habitat. White birds will be well hidden from predators in the snow and the black birds will blend into the dark background below the snowline. However, the grey individuals will stand out in both conditions and will thus be susceptible to predation. Now it is the extreme values or phenotypes that are selected for. 
3. Directional Selection 
In this final case, one extreme value or phenotype is selected over both the average and the other extreme value. Based on the same bird population again, let us assume that the snow has gone and left a dark earth-scape. Now, both white and grey varieties will stand out and become victims of predation. The dark phenotype is selected for and the numbers of these birds rise as a result. 
Uj
Genetic Drift

        
We refer to the gene pool as the total number of all the different genes in a population. If a particular species is under no selection pressure, then the frequencies of individual alleles will stay the same from one generation to the next. Genetic drift is the change in the relative number of alleles for genetic characteristics present in the population. This change is a random process and may be brought about by a number of different factors.
In terms of Genetic drift.....

1.  Explain what a sampling error is and what type of populations are prone to these.

2.  Describe what the founder effect is and give an example of its effect within the human 

      population

3.  Using different coloured dots to represent individual genotypes within a population, copy 
      figure 5.14 into your notes under the heading ‘Founder effect’.
4.  State what is meant by a neutral mutation.

5.  What effect do neutral mutations have on a population?
Species and Speciation    (Pages 86 -92)
1.  Define exactly what the term species means.

2.  State 3 scenarios that can happen to a species.

3.  Define the meaning of the following terms:
· Phylogeny
· Phylogenetic tree
· Phylogenetic species
Speciation

As long as a population has the opportunity to interbreed and exchange genes, they 
remain one species. A population of one species can only evolve into more than one 
species if groups within the population become isolated from each other by barriers 
that prevent exchange of genes.


Speciation is the formation of new species by the process of evolution. This requires 

that two (or more) populations of a single species become isolated from each other 

by a barrier.  Two types of speciation are allopatric and sympatric
Allopatric speciation
1.  Name the type of barrier that interrupts gene flow in allopatric speciation.

2.  Give 4 examples of this type of barrier.

3.  Place the following events that give rise two new species during allopatric 

     speciation in the correct order:
Natural selection     Isolation by barrier     Barrier removed     Mutations     New species formed
4.  Copy Figure 5.16 into your notes.

5.  The three subspecies of European Wren arose as a result of allopatric speciation.  Name 
      the three subspecies and describe  the main difference between each subspecies.
6.  Explain why the three subspecies of wren are not distinct species.

Sympatric speciation
1.  Name the type of barriers that interrupts gene flow in sympatric speciation.

2.  Describe in detail the sympatric speciation of North American fruit flies.  (Use the terms 
     ecological niche in your description)
3.  Copy Figure 5.18 into your notes.

4.  Explain why polyploidy plants are considered as a different species from the plants that 

     they arose from.
5.  What form of selection is sympatric selection promoted by?

Darwin’s Finches – allopatric/sympatric speciation

Use the information on pages 89 and 90 to explain why the many species of finch found on the Galapagos Islands arose as a result of both allopatric and sympatric speciation
· Insert the ‘Speciation Summary’ from your pack into your notes
Hybrid Zones


A region may contain several sub-populations of a species which cannot all 
interbreed. Each sub-population can breed with its neighbour but may not be able to 
breed with more distant members of the species. Hybrid zones exist where 
interbreeding is possible and as a result genes are able to flow between the sub-
populations.
· Copy the diagram and associated information below into your notes




1.  If populations B or C were to become extinct as a result of environmental change.  What 

     may happen to populations A and D.
2.  Explain why this would happen.
Questions
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Genomics and genomic sequencing


Genomics is the study of genomes.  It involves determining the sequence of bases all 

the way along an organism’s DNA.  The information gathered is then 



related to the genes an organism has and their function.  Finding out the 



sequence of bases that is contained in a section of DNA is called DNA 



sequencing.
Bioinformatics

Progress in the speed of sequencing DNA has been accelerated greatly in the recent 
years by using computer technology to process the vast quantity of information 
             
generated.  Bioinformatics is the name given to the fusion of molecular biology, 

statistical analysis and computer technology. Information about genetic sequences 
that used to take years to unravel is now processed in hours.
Genomic sequencing
  (pages93 – 95)
1.  Sequencing DNA involves the use of restriction endonucleases.  State what a restriction 

      endonucleases are and what they do.

2.  Explain how using restriction endonucleases are used in the sequencing of DNA.
Comparative genomics and Phylogenetics   

(pages 98 – 101)


The genomes of a large number of species have been sequenced and compared with 

one another. These comparisons have revealed a great deal of similarity between 

even distantly related species.
1.  Explain what a single nucleotide polymorphism (SNP) is.

2.  What causes SNPs?

3.  What benefits can be gained by studying SNPs in the genomes of different people?

4.  Explain what is meant when genomes of individuals or genomes of different species are 

     described as being ‘highly conserved’
5.  Explain what information can be generated from studying highly conserved DNA 

      sequences of two groups.

Phylogenetics



Phylogenetics is the study of evolutionary relatedness among different groups of 

organism and makes use of information obtained from comparative genomics. 



The number of differences per unit length of DNA sequence between two genomes 

is used as a measure of evolutionary distance between two groups. These distances 

and evidence from fossils can be used to construct phylogenetic trees, such as the 

one below:


1.  State how long ago the last common ancestor of the giant panda and the 


   polar bear existed.
2.  Which two species are the most distantly related?
**KEY POINT**
 Phylogenetics relies on information from two sources:

·  Genomic Sequence data

           &

· Fossil evidence
Molecular Clocks


Molecules of nucleic acid and the proteins they code for gradually change over time  

as they are affected by mutations such as nucleotide substitutions.  By comparing 

the number of nucleotide substitutions data with fossil records this gives information 

about how long ago the most recent common ancestor of the species existed and 

the sequence in which the species evolved. Therefore a molecule of nucleic acid or 

protein acts as a molecular clock.
The example below will help to explain this concept

-globin as molecular clock

This molecular clock shows comparisons of the human -globin gene with a number of different species.

· Cows can be seen to have shared a common ancestor with humans around 100 million years ago,

·  sharks -globin has around 4 times more nucleotide substitutions than cow when compared with human -globin and last shared a common ancestor 450 million years ago.


· Complete the ‘Evidence for Evolution Summary’
Three Domains of Life


Sequence data and fossil evidence are both used to determine the main sequence of 

events in the evolution of life. Genes coding for ribosomal RNA (rRNA) have been 

especially useful since they are shared by all living things. The data supports the idea 

that living things are made up of three main domains:

· BACTERIA (prokaryotes)
· ARCHAEA  (mostly prokaryotes often found in extreme environments, such as 

   hot springs)
· EUKARYOTES (fungi,plants and animals)
· Insert the diagram ‘The Three Domains’ into your pack ( same as one below)

Personal genomics

One of the aims of genomics is to explain why some individuals are susceptible to 
disease while others seem unaffected. By understanding the interaction between 
genes and the environment, it may be possible to prevent the onset of some of 
these complex diseases in individuals.


Personal genomics is the sequencing and analysis of an individual's genome. 
Once an individual genotype (or part of it) is known it is compared to references in 
the published literature. From this, any mutations or sequences likely to give rise to 
disease can be identified. This is now referred to as predictive medicine, which in 
turn can lead to the use of an appropriate drug treatment if required, a process 
known as pharmacogenetics (personalised medicine).
(Pages 104-105)

1.  Define what is meant by a genetic disorder

2.  Apart from genetics what other factors are involved in causing disease?


3.  Name a present day drug that could be customised to suit an individual’s genome 
      and explain how.

Personal genomics – Ethical issues

· Write a paragraph outlining the ethical issues associated with personal genomic sequencing
Questions
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The Double Helix





Double stranded


 Anti-parallel structure





The polynucleotide, two-stranded antiparallel double helix structure of DNA was established by two Cambridge University scientists James Watson and Francis Crick.  However their work on the structure of DNA was based on important earlier discoveries made by Erwin Chargaff, Maurice Wilkins and Rosalind Franklin.
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3(a) Which of the 3 amino acids is most soluble?


3(b) Which of the 3 amino acids is least soluble?
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population A can breed with population B


population B can breed with population C


population C can breed with population D





This means that genes are able to flow from population A to D via population B & C
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Evolution of the Giant Panda and related species
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