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Learning Objectives:

Mutations in genes and chromosomes can result from errors in DNA replication, cell division or from damage caused by mutagens (SU 4.1)

· Define the term mutation and explain how mutations causes changes in cellular chemicals (enzymes, hormones) or structures 
· Define mutagen and identify different types of mutagens; biological, chemical and radiation.
· Describe the mutagens on DNA, DNA replication and meiosis
· Describe how mutagens of different types damage the DNA or affect DNA replication or meiosis
· Distinguish between heritable / germline and somatic mutations











Mutations (pages 231-236)

1. Define the following terms.
	[bookmark: _Hlk104201393]Term
	Definition

	Genotype 
	The combination of alleles for a gene.

	Phenotype
	The observable characteristic due to the genotype.

	Allele
	The alternative form of a gene.



2. Describe two ways in which alleles present in a population may change.
· Mutation (causes new alleles to be introduced into a population).
· Migration (can cause also cause new alleles to be introduced into a population).
3. Define the following terms.
	Term
	Definition

	Mutation 
	A spontaneous change in the DNA.

	Gene mutation
	When a single gene is changed (usually due to a single nucleotide change)

	Chromosomal mutation
	In which all or part of a chromosome has been affected/altered.



4. Define the term mutagen.
Something that can increase the rate in which mutations occur (eg. UV exposure).
5. Identify ways in which mutagens can cause damage to DNA.
They can cause the nucleotide/bases to change. Alter part or whole sections of chromosomes.

6. A mutagen can be classified as a biological, chemical or radiation. Provide examples of each classification.
	Mutagen Type
	Examples

	Biological
	Bacteria, viruses

	Chemical
	Antibiotics, mustard gas, formaldehyde, sulfur dioxide.

	Radiation
	Radioactive wastes, atomic and nuclear explosions, X-rays, UV radiation.



7. Describe the link between DNA and proteins. 
DNA contains genes, genes code for the amino acid sequence, amino acid sequence determines the protein.

8. Explain how a change in DNA could lead to a lack of pigmentation in the condition albinism.
The change in one gene, or base, can lead to a different order of amino acids, or a missing amino acid, which can cause a whole protein to be missing/changed. 
Albinism is due to the lack of one protein (for pigmentation).
9. Compare somatic and germinal/germline mutations.
	
	Somatic
	Germline

	Similarity
	
They both are forms of mutations, they can both be gene/chromosome mutations.


	Occurs in
	
Body cells

	Gametes


	Heritability (can it be inherited?)
	
No
	Yes

	Example
	
Cancerous growths

	PKU




10.	A different way of classifying mutations is the effect they have on proteins produced. Summarise the effect of a mutation.

	Classification
	Effect at a DNA/amino acid level
	Overall effect on protein produced

	Missense
	Causes a change in amino acid

	Affects the protein being produced

	Nonsense
	
The base sequence is changed to cause a stop codon.
	This causes a shorter protein to be produced.

	Neutral
	
Causes a change in an amino acid but the amino acid is of the same type
	Therefore, the proteins structure does change but not enough to affect its function.

	Silent
	
Does not cause any change to the amino acid
	Therefore, it does not affect the protein being produced.























Learning Objectives:

Mutations in genes and chromosomes can result from errors in DNA replication, cell division or from damage caused by mutagens (SU 4.1)

· Distinguish between a gene and a chromosome mutation and give examples of each
· Explain how the following chromosome mutations: inversion, deletion, insertion, translocation, non-disjunction can arise during cell division (meiosis)
· Explain how the following gene mutations: deletion, substitution, insertion can arise during DNA replication. 
· Define the term point mutations and describe its’ effects
· Define a frame shift mutation and describe its’ effects












Gene and chromosomal mutations (pages 237-242)

1. Define gene and chromosomal mutations. 

	Gene mutation
	When a single gene is changed (usually due to a single nucleotide change)

	Chromosomal mutation
	In which all or part of a chromosome has been affected/altered.




2. Using the example of gene and chromosomal mutations, explain what is meant by the ‘extent’ of a mutation.
Refers to the amount of DNA that is affected. A chromosomal mutations affects more DNA, therefore the extent of the mutation is greater.
3. Explain what a point mutation.
Are a mutation (but specifically a change to a single nucleotide)
4. Define the following gene mutations: insertion, deletion and substitution.
	Mutagen Type
	Examples

	Insertion
	A new nucleotide is added to the DNA strand.

	Deletion
	A nucleotide is removed from the DNA strand

	Substitution 
	An existing nucleotide is replaced with another one, with a different base.



5. Explain what is meant by a frameshift mutation and describe the effect it can have on an amino acid sequence. 
Occurs from the result of an insertion or deletion (point mutation), it shifts the reading frame of DNA, therefore altering the amino sequence that occurs after the point mutation.




6. [image: Diagram

Description automatically generated]In the following example and referring to the diagram, explain how the 				        insertion and deletion of a base has resulted in a frameshift mutation. 


	Example
	Description 

	[image: ]
	An Adenine (A) base has been inserted into the DNA, which means when the DNA is read, a Uracil base is added as a complementary base. The codon now becomes UCG, instead of CGU, which results in the amino acid Ser, being the next amino acid instead of Arg.

	[image: ]
	A Guanine (G) base has been deleted from the DNA, which means when the DNA is read this base is now missing. The codon now becomes GUA, instead of CGU, which results in the amino acid Val, being the next amino acid, instead of Arg.



7. Explain what is meant by a lethal recessive gene.
This is a mutation that is fatal (unless masked by a dominant allele) to either the developing embryo/foetus by a miscarriage or spontaneous abortion. Or it is fatal to the developing child.

8. Read ‘Conditions due to mutations’ textbook pages 240-242 and complete the table below
Please note you do not need to be able to recall this information.

	Condition
	Gene or chromosome mutation
	Brief additional notes

	Duchenne muscular dystrophy
	Gene
	NOT REQUIRED

	Cystic fibrosis
	
Gene



	NOT REQUIRED

	Down syndrome / trisomy 21
	
Chromosomal



	NOT REQUIRED

	Turner syndrome
	Chromosomal



	NOT REQUIRED



9. Sometimes mutations can affect a larger section of DNA. These are sometimes referred to as chromosomal mutations as they affect more than one gene. Complete the following table to describe each of the types of mutations that affect a larger section of DNA (than in a point mutation).
	Type of chromosomal mutation
	Diagram 
Original chromosome
[image: ]
	Description (refer to diagram)

	Deletion
	
[image: ]
	A piece of DNA (containing multiple genes) is removed.

	Duplication
	[image: ]

	A section of chromosome occurs twice.

	Inversion
	[image: ]

	A broken piece of DNA from a chromosome joins in, but the wrong way around. 

	Translocation
	[image: ]

	A part of chromosome has broken off and re-joined to the wrong chromosome. 

	Non-disjunction
(aneuploidy)
	[image: ]
	During meiosis (I or II) the chromosomes fail to separate correctly, so the daughter cells either have one more or one less. Trisomy (1 more), monosomy (1 less). 
Aneuploidy refers to the incorrect number of chromosomes.




10. 
11. [image: Diagram

Description automatically generated]a) In the chart below, transcribe the DNA into mRNA, then use the codon chart to indicate the amino acids being coded for by the base sequence for the mRNA. Determine the type of mutation being illustrated in each example and state the effect of the mutation.
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b) For each diagram below, indicate the type of chromosomal mutation illustrated.
[image: Diagram
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c) Name the three types of point mutation and identify which are classified as frameshift mutations.
Insertion : Frame shift
Deletion: frameshift 
Substitution
[image: A picture containing text

Description automatically generated]Downs syndrome (Trisomy 21) was first discovered in 1866 by Langdon Down. A karyotype is depicted below. 
a) Using the karyotype, explain what is meant by trisomy.
_______________________________________________ _______________________________________________  _______________________________________________ 

b) Explain if this mutation would be a somatic mutation or a germline mutation.
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

c) The most common cause of Down Syndrome is non-disjunction. Explain how this process could result in trisomy 21.
[image: Chart, line chart

Description automatically generated]____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
d) Describe the trend of the following graph above.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

e) Using your knowledge of mutations, propose why this trend may exist.
______________________________________________________________________________________________________________________________________________________________________________________________

Complete 9.1 Review Questions on page 242-243 Q1-10.



Learning Objectives:

Populations can be represented as gene pools that reflect the frequency of alleles of a particular gene; gene pools can be used to compare populations at different times or locations (SU 4.4)
Gene pools are dynamic, with changes in allele frequency caused by; mutations, differing selection pressures, random genetic drift, including the founder effect, changes in gene flow between adjoining groups (SU 4.5)

· Define gene pool.
· Describe how a population can represented as a gene pool and how this reflects the allele frequency 
· Explain how gene pools may vary in their composition at different times and/or at different locations and can be used to compare populations
· Define random genetic drift, founder effect and the bottleneck effect and explain how these factors change allele frequency in a population- provide examples
· Explain the impact of gene flow on gene pools.
· Identify barriers to gene flow.














Gene Pools (page 243-244)

1. Define the following terms.
	Term
	Definition 

	Population 
	A group of organisms of the same species living together in  a particular place at a particular time.

	Gene Pool
	The sum of alleles carried by members of a population.

	Allele Frequency 
	How often each allele occurs in a population.



2. Describe the link between mutations and gene pools.
Mutations can cause the introduction of new alleles to a gene pool. 
3. Define gene flow.
The transfer of alleles from one population to another through migration.
4. Complete the sentence
a) The movement of people/populations is known as migration.
b) The movement of individuals into a population is known as immigration.
c) The movement of individuals out of a population is known as emigration.
5. Describe an example where migration has had a large influence on the gene pool of a population.
Distribution of ABO blood groups in western Europe changed with the introduction of IB allele when the Mogols (inhabitants of East Asia) invaded Europe, their genes (the allele for blood group B) was introduced to the European gene pool.
6. Describe what is meant by a ‘barrier to gene flow’.
A ‘barrier’ leads to isolation, causing separate gene pools to be formed.
7. List examples of the two classifications of barriers to gene flow.
Geographical: oceans, mountain ranges, deserts, large lakes.
[bookmark: _Hlk104456423]Sociocultural: religion, economic status and background.


8. Explain the relationship between isolation and inbreeding.
Isolation and separation of gene pools, limits reproduction to the individuals within the gene pool, therefore increasing the likelihood of inbreeding to occur. 
9. Describe the impact of inbreeding on allele frequency and the expression undesirable traits.
Inbreeding can increase the allele frequency of less desirable traits, due to a higher chance of two individuals being carriers for the traits, which can lead to an increase chance of expression of these undesirable traits.
Genetic Drift (pages 251-253)
1. Explain what ‘random genetic drift’ is.
Non-directional (random) change in allele frequencies between generations (purely by chance).
2. The blood groups of Indigenous Australians and specifically the Mornington Islanders have been studied, explain how random genetic drift is thought to play a role in the differences between blood groups of those islanders in Mornington, in comparison to populations on the mainland.
Mornington islanders were cut off from the Australian mainland, when sea levels rose. There is still some interaction using the smaller islands to cross to the Australian mainland, but they have somewhat been isolated. When the blood groups of the Mornington islanders are compared to the Aboriginal Australians on the mainland there is difference in allele frequencies of IB allele and a complete absence of the IA allele, this change has occurred by chance is not directional (not favouring either population).

Founder effect
1. Briefly explain the significance of the founder effect in human evolution.
Founder effect is a more extreme example of genetic drift, its where a small group moves away from its homeland, to a new area and starts a new population which later expands.
2. Discuss how founder effect can result in altered allele frequencies.
Due to its small size and isolation the population will have less genetic variation, which leads to altered allele frequencies from the original populations gene pool, with some alleles becoming more frequent, and some less frequent purely by chance. 
3. Using your understanding of the founder effect, explain the following example of a difference in allele frequency. 

The Dunkers are descended from an Old German Baptist Brethren, but now live in America, explain why the frequency of ABO, Rh, MN blood groups, mid-digit hair, left- or right handedness is quite different (in the Dunkers population) to the surrounding American population.

The dunkers were part of the German population (gene pool), but a small group moved away Germany to live in Pennsylvania. These individuals established a new population away from their original population, and because their religion prevents marrying outside their group, they have become an isolated breeding population from the US population. This has led to altered allele frequencies in comparison to their surrounding populations within the US.

4. Compare the mainland population to the population which ended up on the island (use the tables below).
a) Count the phenotypes numbers for the two populations.
b) Count the allele numbers for the two populations: number of dominant alleles and recessive alleles.
c) Calculate these as a percentage of the total number of alleles for each population.
5. How are the allele frequencies of the two populations different?
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Bottleneck effect
1. Describe the bottleneck effect.
Is when a natural disaster can severely reduce a population (using the analogy of a bottle full of beads, if you were to tip a full bottle and a few beads were to escape this represents the surviving population). The surviving individuals would have the only alleles remaining in that gene pool.
2. Describe how bottleneck effect can lead to altered allele frequencies.
By severely reducing the genetic variation within a population this can drastically increase or decrease the allele frequency of particular traits.
3. Using your understanding of Bottleneck effect, explain the following example of a difference in allele frequency.

In 1776, when a typhoon reduced the population of an Pingelap (an island in Micronesia) to only 10 individuals,, the incidence of  achromatopsia (a form of colour blindness) increased. Today, after a number of generations, the incidence of achromatopsia is 5% on Pingelap, yet is only 0.0033% in other parts of the world.
The typhoon is a natural disaster that has reduced the population down to a very small number, by chance occurrence of the 10 surviving individuals achromatopsia was an allele that survived and therefore became more common in the population of Pingelap than anywhere else in the world.
Complete 9.2 Review Questions 1-6 on page 244.
Complete 9.4 Review Questions 1-5 on pages 253-254.
Learning Objectives:

the incidence of genetic diseases in particular populations illustrates the effects of different factors on the dynamics of gene pools, including the incidence of Tay-Sachs disease, thalassemia (α and β) and sickle-cell anaemia (SU 4.6)
natural selection occurs when factors in the environment confer a selective advantage on specific phenotypes to enhance survival and reproduction (SU 4.7)

· Describe the mechanisms that underpin the theory of natural selection; inherited variation, birth rate, struggle for existence, selective pressures, survival of the fittest.
· Describe the incidence, cause, symptoms and inheritance of the following; sickle-cell, Tay-Sachs disease, Thalassemia (α and β)
· Provide examples of genetic diseases that have persisted in populations, due to the possible selective advantage they provide to individuals in particular environments.




















Natural selection (pages 244-250)

1. Briefly describe who Charles Darwin is and his expedition which led to his theory of Natural Selection.
Charles Darwin was an amateur naturalist who voyaged on the HMS beagle, he recorded observations of his study of the natural environment in the Galapagos Islands, Australian and NZ. His observations of species led to the development of the theory of Natural Selection. 
2. Natural selection was based on three observations that Charles Darwin made. Outline each of these observations and describe how they led to the formation of the theory.

	Charles Darwin’s observations
	Explanation

	
Variation

	
That all members of a species possess variation, phenotypic differences.

	
Birth rate

	Organisms reproduce at a greater rate that at which their food supply and other resources increases.


	
Nature’s balance

	
Although birth rate is high, each species population remained relatively stable.



3. Interpretations were made from these observations, outline what is meant by each of the following interpretations.

	Charles Darwin’s observations
	Explanation

	
Struggle for existence
	
Excessive birth rate and limited resources leads to a struggle for existence.


	
Survival of the fittest
	
Organisms with favourable characteristics (alleles) are more likely to live to reproductive age and survive, those with less favourable characteristics (alleles) are less likely to survive. 

	
Selective pressure/agent

	
Is the environmental factor (agent) that acts on a population, to select for particular alleles that enable an organism to survive. 



4. Describe the link between alleles and natural selection.
Favourable alleles will lead an organism to survive (be favoured for in their particular environment) and opposite can be said for less than favourable alleles. 
5. Summarise the principles of evolution by filling in the gaps. 
· There is variation of characteristics within a population.
· More offspring of a species are produced than can possibly survive, and due to limited resources, there is a struggle for existence.
· Individuals with characteristics/alleles that are best suited to their environment have greater chance of surviving and reproducing. This is called survival of the fittest.
· Favourable characteristics are passed on to the next generation.
· Therefore in the gene pool, the proportion of alleles that produces favourable characteristics will increase over time. 
6. Using the theory of natural selection and the image below, describe how some bacteria have become resistance to antibiotics. 
[image: ]





One bacteria possesses a characteristic that enables it to survive the antibiotic- the selective agent (possibly due to mutation), this bacteria survives, and reproduces, therefore passing on the favourable characteristic to the next generation of bacteria, developing a strain of bacteria that have become resistant to the antibiotic. 
7. List and briefly describe some examples of features within the human population that may have provided populations with an advantage in their environment.

Increased melanin in areas with higher UV radiation.
Individuals with long bodies and short limbs allow their S.A to volume to decrease, reducing heat loss in cold environments.
Individuals with short bodies and long limbs allow their S.A to volume to increase, increasing heat loss in warmer environment.

Genetic diseases (pages 248-250) 

1. Using an example, explain what heterozygote advantage means.

Having one allele for a condition, that can give an individual a survival advantage in their particular environment. Eg. Individuals with sickle-cell trait possess one allele for sickle cell anaemia, and one for normal functioning haemoglobin (HbNHbA), have a survival advantage to the selective agent of malaria in malaria prone areas. 
2. Complete the table below to explain incidences of particular genetic diseases and how they have remained in specific populations.
	
	Sickle-cell anaemia 

	Description of disease (including cause)

	Is a gene mutation, that affect Hb, and causes RBC to become sickle shaped.

	Inheritance pattern
	Autosomal 

	Population where the
disease is common
	Africa/Asia

	Describe the effect the individuals genotypes has on their phenotypes (eg symptoms).
	HbNHbN (normal):

More likely to die from malaria.


HbNHBA (sickle-cell trait):

Heterozygote adv. More likely to survive malaria, symptoms of sickle cell are mild.


HbAHbA (sickle-cell anameia):

More likely to die from blood clots, adverse effects of symptoms of SCA

	Does a particular genotype provide the individual with an advantage, if so explain:
	HbNHBA (sickle-cell trait):

Heterozygote adv. More likely to survive malaria, symptoms of sickle cell are mild.




	Describe possible explanations as to why the allele/ disease has remained in the population
	
Advantage in malaria prone areas if heterozygote.




3. Explain the heterozygous advantage provided by sickle-cell anaemia within areas of Africa and south-east Asia where malaria is prevalent. 

Individuals with sickle-cell trait possess one allele for sickle cell anaemia, and one for normal functioning haemoglobin (HbNHbA), these individuals have a survival advantage to the selective agent of malaria in malaria prone areas. Individuals therefore with sickle cell trait are more likely to survive/have reduced effects of the malaria virus, therefore live to reproductive age, passing this allele onto future generations increasing the allele frequency (in malaria prevalent areas). 

4. Using your understanding of founder effect explain the incidence of Tay-Sachs in the population of the Ashkenazi Jews.

AJ left Eastern Europe (mid 1900’s), and resettled. This is the founder effect. Due to their higher incidence of Tay Sachs alleles (due in part to Natural Selection when individuals that belonged to AJ were forced into ghettos where TB was prevalent, it was an advantage to be heterozygote for Tay Sachs), and the fact they are culturally isolated, this leads to random genetic drift, where the allele for Tay Sachs become increasingly common in their smaller population, and isolation. 


5. Mutations are a source of variation, explain how mutations can lead to changes to allele frequencies within gene pools.
Mutations leads to new alleles being introduced to populations (gene pool), introducing new alleles, if the mutation is favourable it will increase in allele frequency, if it is not favourable it will over time decrease in allele frequency within the gene pool. 

Complete 9.3 Review Questions 1-10 on page 251.
Activity 9.3 Modelling natural selection, pages 260-261


























Learning Objectives:
the mechanisms underpinning the theory of evolution by natural selection include inherited variation, struggle for existence, isolation and differential selection, producing changes to gene pools to such an extent that speciation occurs (SU 4.8)

· Define speciation and describe the steps that can lead to speciation.












Speciation (page 254)

1. Define species.
A group of individuals who are able to interbreed and produce fertile offspring. 

2. Define speciation.
Where two gene pools are isolated for a period of time, that inbreeding could no longer occur between the two groups and/or could not produce fertile offspring if inbreeding still occurred. 

3. Annotate the diagram to describe the steps that lead to speciation occurring.
[image: A picture containing ceramic ware, porcelain
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	Step
	Description

	Variation
	 There is variation between all individuals within a species.

	Isolation
	Populations of the same species are isolated without gene flow. 

	Selection
	Each population is subjected to different selection pressures/agents causing changes to allele frequencies. 

	Speciation
	The allele frequency has changed so much that the two groups can no longer interbreed.



 Complete 9.5 Review Questions 1-7 on page 255.








Martha’s Vineyard is an island off the east coast of the United States. It was first settled in the seventeenth century by a group of English immigrants. During the 1700s and 1800s, the island had an extraordinarily large proportion of individuals with genetically-inherited deafness. At this time, the US mainland had a 1 in 6000 deaf population, while Martha’s Vineyard had a 1 in 155 deaf population. The reason for this difference was caused by the evolutionary mechanism known as the ‘Founder effect’. In the last century the difference between the proportion of the deaf population in Martha’s Vineyard and mainland USA has diminished. Today Martha’s Vineyard does not have a significantly large deaf population.
a) Explain how the Founder effect would have caused the large number of deaf individuals in Martha’s Vineyard during the 1700’s and 1800’s.
	Description
	Marks

	Any 4 point for 1 mark each
	

	Small (isolated) sample of original population 
	1–4

	This sample is not genetically representative of original population.
	

	With some individuals carrying the genes for deafness 
	

	Restricted breeding/ inbreeding among population/ restricted gene pool 
	

	Frequency of deaf gene increases over time 
	

	
	Total 4



b) Suggest a factor that would have changes in the 1900’s to result in the reduces incidence of genetically-inherited deafness in the Martha’s Vineyard population and explain the process.
	Description
	Marks

	Any 1 point for 1 mark
	

	Increased migration from mainland to the island 
	1

	Interbreeding with mainland increased/ less restrictive breeding 
	

	
	Total 1



c) A mutation is another type of evolutionary mechanism that can affect frequency of alleles in populations. Explain the differences in consequences between a mutation in a somatic cell and one in a gamete.
	Description
	Marks

	Somatic affects only the individual, gamete is inheritable change
	1

	
	Total 1



d) Explain how mutations can cause harm.
	Description
	Marks

	They can change the protein being made by the cell which could result in missing proteins, abnormal proteins, or two much of a protein being made (affecting the functioning of an individual).
	1

	
	Total 1



e) Identify and describe two techniques that may one day provide a cure for disadvantageous mutations. Include an example of a mutation that would be treated with this technique you have identified. 
_
	Description
	Marks

	Any technique – 1 mark for name, 1 mark for description and 1 mark for example
	

	Gene therapy for single gene disorders
	1–3

	Replacing faulty genes with healthy ones 
	

	Example - CF / Huntington’s / sickle cell anaemia / muscular dystrophy / or any other single gene disorder 
	

	OR
Cell replacement therapy / Tissue regeneration for degenerative disorders
	

	Cloning stem cells to make new cells / tissues / organs to replace faulty ones
	

	Example – Parkinson’s / MS /  Alzheimer’s / or any other reasonable answer
	

	
	Total 3



Question 36 (2018)			(10 marks)
Evolution of a species can occur through either genetic drift or natural selection. The evolution of hominids probably occurred through the process of natural selection as the environment around them changed.

(a) Describe mechanisms underpinning the theory of natural selection that produce changes in a gene pool, leading to speciation. 		
[image: ]			   	            						  ( 
Genetic drift is another evolutionary mechanism that can cause a change in gene pools.
(b) What is random genetic drift?                                                                                                    	 (2 marks)
[image: ]
(c) Explain, using the most likely scenario (natural selection or random genetic drift) as to how sickle cell anaemia became common in Nigeria.                                                                                     		  (3 marks)
[image: ]




Additional WACE Questions

	Exam
	Multiple Choice
	Short Answer
	Extended Response

	2021
	13, 16, 18, 22, 28
	32, 34
	

	2020
	3
	35 (a), 36 (e-f)
	41, 42

	2019
	8, 14, 20,
	33, 39
	42

	2018
	10, 16,
	33 , 36
	41

	2017
	11, 17, 26, 28, 03
	21, 39
	41

	2016
	4, 8, 9, 13, 24, 25
	38, 39
	



Practice extended response

Explain how the process of natural selection led to the Inuit population of today being of long-bodied, short limbed stature.													(10 marks)
[image: ]
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