3.
Reproduction in seahorses, Hippocampus, is unusual as it is the male rather than the female that becomes pregnant. The male has a brood pouch located on its tail. The larger the male the larger the pouch. The female transfers unfertilised eggs into the pouch. The larger the female the more eggs are produced that can be transferred to the brood pouch. The male releases sperm onto the eggs and they are fertilised. The male carries the developing brood for a period of several weeks until he finally gives birth.


Research into seahorse populations has revealed the following.

•
They are monogamous. A male and female remain together for the whole mating season.

•
Within a population, mates are selected by size. Large females mate with large males and small females mate with small males.

•
Few intermediate sized individuals are produced and they have a low survival rate.


Two different species of seahorse are found in the coastal regions shown in the figure below. The ranges of these two seahorse species overlap in many areas of these waters.

[image: image11.wmf]  
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The two seahorse silhouettes are not drawn to scale.

(a)
(i)
Name the type of speciation that occurs when there is no geographical barrier to gene flow.

................................................................................................................

[1]

(ii)
Explain how the figure above supports the hypothesis that the type of speciation named in (i) has occurred in seahorses.

................................................................................................................

................................................................................................................

................................................................................................................

................................................................................................................

[2]


The type of natural selection that can produce the type of speciation that has occurred in seahorses is known as disruptive selection. This is where the extreme phenotypes are more likely to survive and reproduce than the intermediate phenotypes.

(b)
Explain how disruptive selection occurs in seahorse populations.

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

[3]

(c)
In terms of reproductive potential, explain why it is beneficial for large females to mate with large, rather than small, males.

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

[2]

[Total 8 marks]

9.
Explain why breeders of domesticated chickens consider it important to maintain a population of Red Junglefowl.

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

 [Total 4 marks]

10.
Red Junglefowl are the wild ancestors of domesticated chickens.


Homozygous White Leghorns were crossed with homozygous Red Junglefowl and the F1 offspring, all of which were white, interbred to give an F2 generation. The F2 generation included both white and pigmented birds.


The F2 birds were divided into ten groups, each with slightly different percentages of white and pigmented birds. Each bird was examined at intervals to assess any damage to its feathers caused by feather-pecking by other birds in the group.


The results of the investigation are shown in the figure below.
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Describe the effect on feather-pecking of changes in the percentage of each phenotype in a group.

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

 [Total 3 marks]

11.
About 10% of the coffee consumed in the world has been processed to remove caffeine. The decaffeination process also removes some of the flavouring compounds so, since 1987, researchers at the coffee gene bank in Brazil have been trying to produce suitable varieties of caffeine-free coffee plants.


The most commonly cultivated species of coffee plant, Coffea arabica, has a narrow genetic diversity. It is a tetraploid with 44 chromosomes (4n = 44) and almost always self-pollinates.

 
All attempts to start a selective breeding programme to transfer the caffeine-free property of a diploid wild species of coffee from Madagascar (2n = 22) to C. arabica have failed.

(i)
Explain briefly why selective breeding is carried out.

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................
[2]

(ii)
Explain why C. arabica has a narrow genetic diversity.

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................
[2] 

(iii)
Suggest why attempts at interbreeding C. arabica with the wild species from Madagascar have failed.

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................
[2]

[Total 6 marks]
12.
Plants from a different species of coffee plant, C. canephora, have been genetically engineered to have a low caffeine content by suppressing the activity of caffeine synthase.


Describe one advantage and one disadvantage of producing coffee plants with inactive caffeine synthase by genetic engineering rather than by selective breeding.

advantage ................................................................................................................

..................................................................................................................................

..................................................................................................................................
[2]

disadvantage ...........................................................................................................

..................................................................................................................................

..................................................................................................................................
[2][Total 4 marks]

13.
Self-incompatibility in P. rhoeas is controlled by a locus, S, coding for proteins in the pollen and stigmas of the flowers. The locus has a large number of alleles and even small populations have a large number of different genotypes.


Pollen is rejected when its haploid genotype is the same as either of the two alleles of the diploid stigma of the recipient plant. Pollen with a different allele is compatible.

(i)
Complete the table to show whether pollen is accepted ([image: image2.wmf]) or rejected ([image: image3.wmf]) by each stigma.

	genotype of haploid pollen
	genotype of diploid stigma
	pollen
accepted ([image: image4.wmf]) or rejected ([image: image5.wmf])

	S1
	S1S2
	

	S2
	S1S2
	

	S1
	S2S3
	

	S2
	S2S3
	


[4]

(ii)
State, with a reason, whether the variation shown is continuous or discontinuous variation.

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................[2]

[Total 6 marks]

16.
In the wild, rabbits have a high reproductive rate. However the population size remains fairly stable.


Explain how this stability is maintained and how the gene pool of the rabbit population may be affected.

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

...............................................................................................................................[Total 5 marks]

18.
(i)
Outline the principle of selective breeding.

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

[2]

(ii)
Explain the use of progeny testing in selective breeding.

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

[4]

[Total 6 marks]

 20.
The numbers of musk deer have halved in ten years. In parts of China the populations have reached very low numbers. These populations are also widely separated.


Outline the possible consequences of this separation on the populations of musk deer.

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

[Total 4 marks]
19.
In this question, one mark is available for the quality of spelling, punctuation and grammar.


In 1959, a breeding colony of 100 female and 30 male Siberian foxes was established in Russia. For the next 45 years, they were selectively bred for one trait only: that of lack of aggression to humans (tameness).


By the end of 2004, the behaviour and appearance of the selectively bred foxes differed from wild foxes in the following ways:

•
their fur had white patches

•
their muzzles were shorter

•
some had floppy ears and curly tails

•
they whimpered to attract human attention, wagged their tails and licked the human’s hand.


Describe how selective breeding of animals is carried out and explain how selectively breeding for one trait may result in many differences between selectively bred and wild animals.

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................[8]

Quality of Written Communication [1]      [Total 9 marks]

25.
Two species of monkeyflower, Mimulus, have pink anthocyanin pigment in their flower petals.


In both species, two alleles of a gene, A/a, control the activity of another gene responsible for the production of a second pigment, a carotenoid. The dominant allele, A, prevents carotenoid production so that the flowers show only their pink anthocyanin pigment.


Flowers containing both anthocyanin and carotenoid pigments are red in colour.

(a)
(i)
Describe the interaction between gene A/a and the gene responsible for carotenoid production.

................................................................................................................

................................................................................................................

................................................................................................................

................................................................................................................

................................................................................................................
[3] 

(ii)
Explain why flower colour in Mimulus is an example of discontinuous variation.

................................................................................................................

................................................................................................................

................................................................................................................

................................................................................................................

................................................................................................................
[3]

(b)
Wild type M. lewisii have the genotype AA and have pink flowers that are pollinated by bumblebees.


Wild type M. cardinalis have the genotype aa and have red flowers that are pollinated by hummingbirds.


The two species were interbred to investigate the role of gene A/a in attracting pollinators to the flowers. Alleles A and a were exchanged between the two species in the selective breeding programme shown in the figure below.
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 (i)
State two practical precautions that the plant breeder could take to be sure that the plants produced in step 1 were hybrids.

1 .............................................................................................................

................................................................................................................

2 .............................................................................................................

................................................................................................................
[2]

(ii)
Explain why, in step 2, the hybrids were backcrossed for several generations to one or other of the parent species.

................................................................................................................

................................................................................................................

................................................................................................................

................................................................................................................[2] 

(iii)
State why the plants in line 1 were self-pollinated in step 3.

................................................................................................................

................................................................................................................[1]

c)
The number and type of pollinators visiting different coloured flowers were then recorded. The results are shown in the table below.

	plant species
	genotype
	flower colour
	number of
pollinator visits per hour

	
	
	
	bumblebee
	hummingbird

	wild type M. lewisii
	AA
	pink
	15
	0

	selectively bred M. lewisii
	aa
	red
	3
	2

	wild type M. cardinalis
	aa
	red
	0
	190

	selectively bred M. cardinalis
	Aa
	pink
	11
	170



Comment on the effect on pollinators of selectively breeding allele a into M. lewisii and allele A into M. cardinalis.

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

...............................................................................................................................[4][Total 15 marks]

26.
A gene, Q/q, affecting muscle mass and fat deposition in pigs has been identified in crosses between domesticated pigs and wild boars. Most European domesticated pigs carry the dominant allele, Q, but wild boar populations are homozygous recessive. The Q/q gene codes for a protein growth factor, IGF2.


The transcription of the gene in skeletal and cardiac muscle was measured in piglets with QQ and qq genotypes at three and sixteen weeks after birth. The results are shown in the figure below.
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Using the information above, compare the transcription of the IGF2 gene in piglets with QQ and qq genotypes.

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

[Total 4 marks]

33.
In this question, one mark is available for the quality of spelling, punctuation and grammar.


Compare selective breeding with the evolutionary process.

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

.................................................................................................................................. ..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

[8]

Quality of Written Communication [1]

[Total 9 marks]

41.
Resistance to the poison warfarin is now extremely common in rats. Warfarin inhibits an enzyme in the liver that is necessary for the recycling of vitamin K. This vitamin is involved in the production of substances required for blood clotting. There are two alleles of the gene that code for this enzyme. Resistant rats have the allele RR; rats susceptible to warfarin have the genotype RS RS.

•
Rats susceptible to warfarin die of internal bleeding.

•
Homozygous resistant rats do not suffer from internal bleeding if their diet provides more than 70 [image: image8.wmf]μg

 of vitamin K per kg body mass per day.

•
Heterozygous rats are resistant to warfarin if their diet provides about 10[image: image9.wmf]μg

 of vitamin K per kg body mass per day. 

(a)
A population of rats was studied in an area where warfarin was used. The dietary intake of the rats was about 15[image: image10.wmf]μg

 of vitamin K per kg body mass per day.


Complete the table below to indicate whether rats of the three genotypes have a high or a low chance of surviving to maturity in this population. Explain each of your answers.

	genotype
	chance of
surviving to
maturity
	explanation

	RRRR
	
	

	RRRS
	
	

	RSRS
	
	


[3]

(b)
(i)
State how the allele for warfarin resistance originated.

................................................................................................................
[1] 

(ii)
Explain how the allele spread through the population.

................................................................................................................

................................................................................................................

................................................................................................................

................................................................................................................

................................................................................................................

................................................................................................................

................................................................................................................

................................................................................................................

................................................................................................................

................................................................................................................
[5] 

(c)
State why this is an example of natural selection.

.........................................................................................................................

.........................................................................................................................
[1]

(d)
Explain what is likely to happen to the frequencies of the two alleles (RR and RS) within the rat population over a period of time if warfarin use is discontinued.

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................
[2]

[Total 12 marks]

43.
(i)
Outline how resistance to an insecticide (pesticide) can arise and spread in a population of mosquitoes.

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................
[3]

(ii)
Explain briefly why efforts to control the spread of malaria are hindered by such insecticide resistance.

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

[2]

[Total 5 marks]
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