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Specification 3.4.4

Genetic diversity as the number of different alleles of genes in a population.
Genetic diversity is a factor enabling natural selection to occur.
The principles of natural selection in the evolution of populations.
 • Random mutation can result in new alleles of a gene.
 • Many mutations are harmful but, in certain environments, the new allele of a gene might benefit its possessor, leading to increased reproductive success.
 • The advantageous allele is inherited by members of the next generation.
 • As a result, over many generations, the new allele increases in frequency in the population.
Directional selection, exemplified by antibiotic resistance in bacteria, and stabilising selection, exemplified by human birth weights.
Natural selection results in species that are better adapted to their environment. These adaptations may be anatomical, physiological or behavioural.

Students should be able to:
 • use unfamiliar information to explain how selection produces changes within a population of a species
 • interpret data relating to the effect of selection in producing change within populations
 • show understanding that adaptation and selection are major factors in evolution and contribute to the diversity of living organisms.

Specification 3.4.7

Genetic diversity within, or between species, can be made by comparing:
 • the frequency of measurable or observable characteristics
 • the base sequence of DNA
 • the base sequence of mRNA
 • the amino acid sequence of the proteins encoded by DNA and mRNA.
Students should be able to:
 • interpret data relating to similarities and differences in the base sequences of DNA and in the amino acid sequences of proteins to suggest relationships between different organisms within a species and between species
 • appreciate that gene technology has caused a change in the methods of investigating genetic diversity; inferring DNA differences from measurable or observable characteristics has been replaced by direct investigation of DNA sequences.
Knowledge of gene technologies will not be tested.
• interpreting mean values and their standard deviations.




3.4.4 Genetic diversity and adaptation
Preparatory work
Watch the tree of life https://www.youtube.com/watch?v=H6IrUUDboZo
Answer the following questions;
1. What was the first multicellular organism?
2. When did creatures move from water to land?
3. What was the first species of animals that was able to move away from the sea because it laid water tight eggs?
4. What is the only ancestor of the dinosaur still alive today?
Organisms are varied 
We now know that:
· DNA determines the proteins of an organism.
· Proteins determine the features of an organism.
· Similarities and differences between organisms means variations in the DNA sequence.
· Genes code for amino acids to make polypeptide chains
· Members of the same species will have the same genes but may have different alleles
Hence changes in the feature of an organism are due to changes in it’s DNA. Therefore differences in DNA lead to the vast genetic diversity that we find on Earth.

[image: ]
What is an Allele?
--------------------------------------------------------------------------------------------------------------
What is meant by recessive and dominant?
--------------------------------------------------------------------------------------------------------------
What is meant by heterozygous and homozygous?
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------
What is an example of different alleles in Humans?
----------------------------------------------------------------------------------------------------------------
Recall: How are different alleles formed?
---------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------
Glossary of terms, Please complete using the slides on GoL
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Organisms of the same species differ in their alleles NOT their genes. The combination of alleles makes individuals of the same species different from each other. The greater the number of different alleles within all members of a species, the greater the ___________  ____________. The greater the genetic diversity the more likely the species will be able to adapt to changes.  Why?
1.

2.

3.

How is genetic diversity increased?
1. _______________ in DNA form new alleles
· These can be advantageous while others could lead to problems (deleterious)
2. Different alleles can be introduced into a population when individuals from another population migrate into it and reproduce.
· This is known as ____________  _____________and this increases genetic diversity
Allele frequency is the number of times (frequency) that an allele is found within a population. This can vary for example the A antigen in blood groups has a frequency of 40%, while the B antigen only has a frequency of 11%
What factors reduce genetic diversity?
1.
2.
3.








Population Bottlenecks

[image: ]What factors can substantially reduce a population?


What has happened to the number of alleles found in the reduced population after the bottleneck?

What is reduced in the new population?
Selective breeding
Also called artificial selection. Individuals are chosen with desired characteristics and ONLY those individuals are allowed reproduce. Offspring without the desired characteristics are killed or prevented from reproducing.Therefore unwanted alleles are bred out of the population. This has been used to breed dogs and domesticated animals. Future generations of selectively bred organisms will all share very similar genes. This could make some diseases more dangerous as all the organisms would be affected. Also there's increased risk of genetic disease caused by recessive genes. Some genes would be lost, making it more difficult to produce new varieties in the future. 

[image: ]Why is selective breeding still used today?









The Founder Effect
What does the word founder mean (p3 glossary of terms)? 


It occurs when a few individuals from a population colonise a new region

[image: ]


Using the diagram above try and answer the following questions
· What does the founding effect mean in terms of alleles? 
	

· Will all of the alleles in the population be present in the founders?


· What does this mean for the genetic diversity of the new colony? 


· Can you give an example of a founding population?





Natural selection and evolution
Genetic diversity allows for natural selection which drives evolution. How?
· Not all alleles of a population are equally likely to be passed to the next generation. 
· This is because only certain individuals are reproductively successful and so pass on their alleles. This is known as differential reproductive success
· Therefore differences between the reproductive success of individuals affects the allele frequency in a population. 
[image: ]
Can you explain what is happening in this diagram in relation to natural selection?



[image: ]

The process of Natural Selection
· Within a population there will be a _________  _________containing a wide variety of alleles.
· ___________  _____________of alleles within this gene pool may result in a new allele of a gene which in most cases will be harmful
· However in certain environments the new allele may give the possessor an ____________ over other individuals in the population
· These individuals will be better ____________and therefore more likely to survive in their competition with others
· These individuals are more likely to obtain the available resources and grow more rapidly, live longer and __________  ____________ producing more offspring
· Only those individuals that reproduce successfully will pass on their alleles to the next generation
· Therefore it is the new allele that gave the parents an advantage in the competition for survival that is most likely to be passed to the next generation.
· As these individuals have ‘new’ allele more likely to survive and reproduce
· Over many generations the __________________of the ’new’ allele will increase while the non advantageous one will decrease.

Types of adaptations
· Behavioural – how an organism acts to increase its chance of survival
· Playing dead-possum
· Courtship e.g. scorpions dance before mating 
· Physiological – These are processes inside an organism that increase its chance of survival
· Oxidation of fat rather than carbohydrate in kangaroo rats produces additional water in a desert environment
· Anatomical -These are structural features of an organism that increases it’s chance of survival
· Shorter ears and thicker fur in arctic foxes compared to foxes in warmer climates
Question
There are many different species of rat snake, all found in different habitats and with slightly different colourings. The black rat snake lives in woodland habitat and has a dark, brown black colouring.
Describe how natural selection could explain the evolution of a rat snake with black colouring in a wooded area? (6 marker)








Types of selection
There are two types of selection, Please give some examples
1. Directional


2. Stabilising

[image: ]Directional Selection

E.g. giraffe neck length. Short length necks are selected against as the giraffe can not reach the top of a tree. Over time the mean length of the giraffe neck will change to be longer.  The ______ changes.
· If the environment changes, the phenotypes that are best suited to the new conditions are more likely to survive. 
· Some individuals that fall to the left or the right of the mean will have a  phenotype more suited to the new conditions
· Therefore they are more likely to survive and breed passing on the advantageous allele to the next generation.
· Over time the mean will move in the direction of these individuals
An example where directional selection occurs is in bacteria where the antibiotic resistance allele is a selective advantage.
Complete the sentences using the words in bold:
cell wall        competition     DNA        enzymes        fatal           many        mutation        natural selection        osmotic        random        resistant        selective advantage        substrate        
Antibiotics are antimicrobial agents produced naturally by other microbes (usually fungi or bacteria). Antibiotics most commonly act by inhibiting ____________ that are unique to prokaryotic cells, for example penicillin (and related antibiotics such as methicillin) inhibit an enzyme involved in the synthesis of peptidoglycan for bacterial ______ ______. This weakens the cell wall, killing bacterial cells by __________ lysis.
When antibiotics were first introduced after the Second World War, they were seen as "miracle drugs" because they cured all bacterial diseases. However, within a few years, some bacteria became ____________ to antibiotics and now some common bacterial infections are once again becoming untreatable. 
Resistance first develops due to a ___________. These mutations may have any effect (and most will be _________), but just occasionally a mutation occurs that makes that bacterium resistant to an antibiotic. For example, a mutation could slightly alter an enzyme, changing its ____________ specificity so that its active site will now bind to and break down the antibiotic. Remember that development of antibiotic resistance is a ___________ event, and is not caused by the presence of the antibiotic. 
Bacteria reproduce by binary fission, during which they replicate their ______, so can therefore pass on the resistance gene to all offspring and forming a new strain of bacteria. If there is no antibiotic present in your gut this mutated strain may well die out due to ______________ with all the other bacteria, and the mutation will be lost again. However, if you are taking an antibiotic to which the bacteria are resistant then these mutated cells now have a ______________ _____________. These cells can then reproduce rapidly without competition and will colonise the whole environment. This a good example of _____________ _____________at work. 
Bacteria also have a trick that no other organisms can do: they can transfer plasmid DNA between each. Therefore a resistance gene can spread from the bacterium in which it arose to other, perhaps more dangerous, species. It is also the cause of multiple resistance. It is highly unlikely that a single strain will mutate twice to develop resistance to antibiotics, but it is perfectly likely that it could receive genes for resistance to different antibiotics by horizontal gene transfer. This has led to strains of bacteria that are resistant to _________ antibiotics.
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Investigating selection
Required Practical 6 – Testing the Effects of antibiotic resistance
Antibiotics are medicines that are designed to kill bacteria
Procedure
1. The bacteria used will have been grown in liquid media
2. Take a wire inoculation loop that has been sterilised in a Bunsen burner and use it to transfer the bacteria from the liquid culture onto a petri dish containing Agar.
3. Place sterile paper discs soaked in various antibiotics evenly spaced apart on the plate. Various concentrations should be used. The antibiotics will diffuse into the Agar.
4. Place a negative control disc soaked only in sterile water onto the petri dish.
a. Remember a negative control is used to check that only the independent variable (antibiotics) is affecting the dependent variable (zone of inhibition)
5. Tape a lid onto the petri dish, invert and incubate at 25˚C for 48hrs. This allows        the bacteria to grow and form a lawn. Anywhere the bacteria can’t grow can be seen as a clear patch in the lawn of bacteria. This is called the inhibition zone 
How to measure the zone of inhibition
Use the picture on next page of the worksheet. 
1. Measure the diameter of the zone of inhibition (diameter (mm) of the clear patch). Record this data in the appropriate space on your data table. 
2. Work out area of inhibition using the equation πr2. Record this data on the table
	Antibiotic
	Diameter of zone of inhibition (mm)
	Area of inhibition πr2

	A. Erythromycin  

	
	

	B. Chloramphenicol  

	
	

	C. Cephalothin  

	
	

	D. Tetracycline  

	
	

	E. Vancomycin  

	
	

	F. Novobiocin  

	
	

	G. Streptomycin  

	
	

	H. Penicillin  
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A. Erythromycin  
B. Chloramphenicol  
C. Cephalothin  
D. Tetracycline  
E. Vancomycin  
F. Novobiocin  
G. Streptomycin  
H. Penicillin  






Answer the following questions: 
1. What is an antibiotic?

2. What is the zone of inhibition?

3. How can you tell which antibiotic is most effective?


4. Which antibiotic was least effective against the bacteria in the picture? How do you know?


5. Which antibiotic was most effective against the bacteria in the picture? How do you know?

6. What is the purpose of putting a control disk, or blank disk, into the petri dish?

Aseptic Technique
This is a technique that is used to prevent contamination of cultures by unwanted microorganisms. You need to know this. 
· Use disinfectants to wipe surfaces before and after you start your work
· Flame inoculation loop to kill any microbes on loop
· Use sterile media
· Flame neck glass container- that draws air to move out of container so microbes cannot be drawn in.
· Sterilise all glassware before and after use using an autoclave (heats up to 121˚C which is a temperature that will kill microorganisms. 
Stabilizing Selection
[image: ]
· Stabilizing selection is a type of natural selection that favours the average individuals in a population. 
· This process selects against the extreme phenotypes and instead favours the majority of the population that is well adapted to the environment. 
· Stabilizing selection is often shown on a graph as a modified bell curve that is narrower and taller than the norm
· Diversity is decreased
· Usually works on traits that are polygenic


Example is human birth weight
[image: ]Why is high and low birth rate detrimental?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Read the following statement and decide, are they examples of directional or stabilising selection?
· Australian snakes with big heads being able to eat the poisonous Cane toad, resulting in death of those with large heads; 


· Fossilised ferns showing little difference to modern day ferns
















Q1.The Amish are a group of people who live in America. This group was founded by 30 Swiss people, who moved to America many years ago. The Amish do not usually marry people from outside their own group.
One of the 30 Swiss founders had a genetic disorder called Ellis-van Creveld syndrome. People with this disorder have heart defects, are short and have extra fingers and toes. Ellis-van Creveld syndrome is caused by a faulty allele.
In America today, about 1 in 200 Amish people are born with Ellis-van Creveld syndrome. This disorder is very rare in people in America who are not Amish.
(a)     Use the information provided and your knowledge of the founder effect to explain why Ellis-van Creveld syndrome occurs at a higher frequency in the Amish population than in people in America who are not Amish.
.......................................................................................................................
.......................................................................................................................
.......................................................................................................................
.......................................................................................................................
.......................................................................................................................
.......................................................................................................................
(Extra space)..................................................................................................
.......................................................................................................................
.......................................................................................................................
(b)     In America today, there are approximately 1250 Amish people who have Ellis-van Creveld syndrome. Use the information provided to calculate the current Amish population of America.
 
 
 
 
 
Amish population .....................................
(1)






(c)     The faulty allele that causes Ellis-van Creveld syndrome is the result of a mutation of a gene called EVC. This mutation leads to the production of a protein that has one amino acid missing.
(i)      Suggest how a mutation can lead to the production of a protein that has one amino acid missing.
..............................................................................................................
..............................................................................................................
..............................................................................................................
..............................................................................................................
..............................................................................................................
(2)

(ii)     Suggest how the production of a protein with one amino acid missing may lead to a genetic disorder such as Ellis-van Creveld syndrome.
..............................................................................................................
..............................................................................................................
..............................................................................................................
..............................................................................................................
..............................................................................................................
(2)
(Total 8 marks)


Q2.          (a)     Some antibiotics bind with specific receptors in the plasma membranes of bacteria. The structure of these receptors is determined genetically. Bacteria can become resistant to an antibiotic because a gene mutation results in an altered receptor.
Explain how resistance to an antibiotic could become widespread in a bacterial population following a gene mutation conferring resistance in just one bacterium.
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
(5)



Q3.          Figure 1 shows a fresh-water shrimp.
Figure 1
[image: ] 
Biologists collected shrimps from a stream inside a cave and from the same stream when it was in the open.



They measured the maximum diameter of each shrimp’s eye. They also measured the length of its antenna. From these measurements they calculated the mean values for each site. Figure 2 shows their results.
Figure 2
 
	 
	 
	Shrimps from the stream

	 
	 
	Inside the cave
	In the open

	 
	Mean diameter of eye /mm
	0.09
	0.24

	 
	Mean length of antenna /mm
	8.46
	5.81


 




(a)     The biologists measured the maximum diameter of each shrimp’s eye.
Explain why they measured the maximum diameter.
......................................................................................................................
......................................................................................................................
......................................................................................................................
(1)



(b)     A scientist working many years earlier suggested that animals which live in caves had similar adaptations. These adaptations included
•        smaller eyes
•        greater use of sense organs such as those involved in detecting touch.



(i)      Do the data in Figure 2 support this scientist’s suggestion? Explain your answer.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
(2)



(ii)     The data in Figure 2 are mean values. Explain how standard deviations of these cmean values would help you to interpret the data in Figure 2.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
(2)

(c)     The biologists investigated shrimps living in other streams. They measured the length of the antennae of these shrimps. They also measured their body length. Figure 3 shows the mean antenna length plotted against mean body length for each site.
Figure 3
[image: ]
(i)      What does the information in the graph suggest about the body lengths of shrimps living in caves and living in the open?
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
(2)
(ii)     Do the data in the graph support the conclusion that shrimps with longer bodies have longer antennae? Give the reason for your answer.
.............................................................................................................
.............................................................................................................
.............................................................................................................
(1)
Other biologists investigated the genetic diversity of these shrimps. Figure 4 shows some of the data they collected.
Figure 4
 
	 
	Gene
	Allele
	Percentage of shrimps with this allele in steam

	 
	
	
	Inside a cave
	In the open

	 
	PGI
	A
	0.9
	2.5

	 
	
	B
	0.0
	3.3

	 
	
	C
	98.2
	66.4

	 
	
	D
	0.9
	6.6

	 
	
	E
	0.0
	21.3

	 
	 

	 
	ACO2
	J
	0.0
	5.6

	 
	
	K
	0.0
	76.7

	 
	
	L
	100.0
	17.8



(d)     The biologists concluded that the shrimps in the open had a higher genetic diversity than those in the cave. Explain how the data in Figure 4 support this conclusion.
......................................................................................................................
......................................................................................................................
......................................................................................................................
(1)

(e)     The percentage of shrimps with allele L in the cave is different from the percentage of shrimps with allele L in the open. Use your knowledge of the founder effect to suggest a reason for this difference.
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
(3)





   (f) The biologists who studied these shrimps wanted to know if the shrimps living in the cave were the same species as those living in the open. They used breeding experiments to investigate this.
(i)      Describe how the biologists should carry out these breeding experiments.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
(ii)     The results of breeding experiments would help the biologists to decide whether the shrimps were the same species. Explain how.
.............................................................................................................
.............................................................................................................
(3)
(Total 15 marks)
 



 




 

3.4.7 Investigating Diversity

Traditionally diversity was measured by observing the characteristics of organisms.
Based on the fact that each observable characteristic is determined by a gene/genes.
However, using observable characteristics has limitations:
These are:
1. Many observable characteristics are coded for by more than one gene (polygenic)
2. Characteristics can be modified by the environment
e.g Height in humans. Coded for by more than 1 gene and is affected by environmental factors such as diet.
Today diversity is investigated using DNA/RNA/Protein sequences rather than observable characteristics.
There are three ways that scientists now compare genetic diversity within and between species. These are:-
1. Comparison DNA sequence
2. Comparison of mRNA sequence
3. Comparison of amino acid sequences in Proteins.
By comparing the differences in sequences of either DNA, RNA, and amino acids you can determine how closely related organisms are to each other.
[image: ][image: ]
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