30.
Haemophilia A is a sex-linked genetic disease which results in the blood failing to clot properly. It is caused by a recessive allele on the X chromosome. The figure below shows the occurrence of haemophilia in one family.
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(i)
Using the following symbols:


H = dominant allele    h = recessive allele


state the genotypes of the following individuals. The first one has been completed for you.


individual
genotype


1
 XHXh

2
…………


5
…………


6
…………


9
…………

[4] 

(ii)
State the probability of individual 8 being a carrier of haemophilia.

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

(iii)
Explain why only females can be carriers of haemophilia.

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

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

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

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

[Total 7 marks]

28
Fig. 2 shows part of a family tree where some of the individuals have developed Hunter’s syndrome.
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Fig. 2

 (d)
By referring to numbered individuals and the relationships shown in Fig. 2, explain why

(i)
the allele that determines Hunter’s syndrome must be recessive;

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

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

(ii)
the gene concerned may be sex linked.

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

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

(e)
Sex linkage is not conclusively shown by the family tree shown in Fig. 2.


Suggest why.

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

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

 (f)
There are no drugs to treat Hunter’s syndrome.
Suggest why a drug to treat people with Hunter’s syndrome would be very difficult to develop.

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

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

[Total 10 marks]

24.
The human ABO blood groups are A, B, AB and O. They are determined by a single gene with multiple alleles. IA and IB alleles are codominant, but both these alleles are dominant to the IO allele.


In a maternity ward, the identities of four babies became accidentally mixed up. The ABO blood groups of the babies were discovered to be O, A, B and AB. The ABO blood groups of the four sets of parents were determined and are shown in the table below.


Complete the table to match each baby to its parents by indicating:

•
the parental genotypes, using the symbols IA, IB and IO;

•
the blood group of the baby which belongs to each set of parents.

	parental blood groups
	parental genotypes
	baby blood group

	O and O
	
	

	AB and O
	
	

	A and O
	
	

	AB and A
	
	


Total 4 marks]

39.
In guinea pigs, the genes for coat texture and coat colour are found on separate chromosomes. The allele for rough coat is dominant to the allele for smooth coat. The allele for black coat is dominant to the allele for white coat.


A black guinea pig with a rough coat was crossed with a white guinea pig with a rough coat.


The cross was repeated on a number of occasions and the phenotypes of the offspring were as follows:

28 rough and black coats

31 rough and white coats

11 smooth and black coats

10 smooth and white coats


Complete the genetic diagram to explain this cross.

Use the following symbols to represent the alleles:

R = rough r = smooth

B = black b = white


Parental phenotypes:
rough and black coat 
 × 
rough and white coat


Parental genotypes: 
................................. 
..................................


Gametes: 
................................. 
..................................


Offspring genotypes: ...............................................................................................


Offspring phenotypes: .............................................................................................


Expected phenotypic ratio: ......................................................................................

[Total 5 marks]

35.
(a)
Cats with either black or white fur are common in Britain; brown fur is rarer. The dominant allele, B, of one gene gives black fur and the recessive allele, b, brown fur.


Many of the white cats carry a dominant allele, A, of a second gene which inhibits pigment production no matter which pigment-producing alleles are present in the genotype. The recessive allele, a, has no effect on fur colour.


Genes A/a and B/b are not linked and neither is on the X chromosome.

(i)
State the fur colour of cats with the following genotypes:

AaBB ...................................................................................................

aaBB ....................................................................................................

Aabb .....................................................................................................

aabb ......................................................................................................[4]

(ii)
State the name given to this type of gene interaction.

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

(iii)
Suggest how one gene may inhibit the action of another.

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

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

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

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

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

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

(b)
Two white cats produced a litter of kittens with three different coat colours: white, black and brown.

(i)
State one possible genotype for each of the two white parents and explain the reasons for your choice.


You may use the space below for rough work, if needed.


genotypes of parents ............................................................................


explanation ............................................................................................

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

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

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

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

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

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

(ii)
State the ratio of phenotypes this pair of cats would be expected to produce in time, when the fur colour of several litters of kittens could be recorded.

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

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

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

[Total 15 marks]

42.
(a)
The colour of the spines on the stems of raspberry plants are controlled by two genes, A/a and B/b. The genes are on different pairs of chromosomes.


Allele A produces a pink anthocyanin pigment in the spines. Allele B has no effect by itself, but increases the colour produced by allele A to give red spines. Alleles a and b have no effect on spine colour. In the absence of anthocyanin, the spines are green.

(i)
State the colour of the spines of raspberry plants with the following genotypes:

Aabb ......................................................................................................

aaBB ......................................................................................................[2]
 (ii)
Suggest how allele B may alter the expression of allele A.

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

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

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

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

(b)
Plants with the genotypes AaBb and aabb were cross-pollinated. The resulting seeds were sown and the seedlings grown until their stems developed spines.

(i)
Draw a genetic diagram of this cross to show:

•
the phenotypes of the parents

•
the gametes

•
the genotypes and phenotypes of the offspring

•
the ratio of different phenotypes expected in the offspring.

ratio of phenotypes of offspring .............................................................

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

(ii)
Explain what differences in the phenotypic ratio would be expected if genes A/a and B/b were on the same homologous pair of chromosomes, as shown in the figure below.
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[5]

[Total 15 marks]

 17.
(a)
Explain the meaning of the terms linkage and crossing over.

linkage ............................................................................................................

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

crossing over ..................................................................................................

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

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

(b)
In an investigation into the genes on chromosome 2 of the tomato genome, pollen from a pure-bred plant with green leaves and smooth-surfaced fruit was transferred to flowers of a plant with mottled green and yellow leaves and hairy (so-called ‘peach’) fruit. All the F1 generation had green leaves and smooth fruit.


Describe briefly how a plant breeder ensures that the offspring produced are only from the desired cross.

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

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

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

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

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

 c)
Four different test crosses, A to D, were then made between F1 plants and pure-bred plants with mottled leaves and ‘peach’ fruit. The phenotypes of 50 offspring of each of the crosses were recorded and are shown in the table below.

	phenotypes of offspring of test crosses

	cross
	green leaves and smooth fruit
	green leaves and ‘peach’ fruit
	mottled leaves and smooth fruit
	mottled leaves and ‘peach’ fruit

	A
	23
	4
	3
	20

	B
	21
	3
	3
	23

	C
	16
	4
	5
	25

	D
	22
	6
	4
	18

	total
	82
	17
	15
	86


(i)
Suggest one reason why, in the table above, the numbers of plants with green leaves and smooth fruit is not the same in each of the crosses
A to D.

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

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

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

(ii)
The percentage cross over value is calculated as
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Using the information in the table above, calculate the percentage cross over value between the loci for leaf colour and fruit surface texture. Show your working.

Answer = ..................................................... %            [2] 

(iii)
Use annotated diagrams of tomato chromosome 2 to explain the results of the test crosses shown in the table.


Use the symbols A/a for the leaf colour alleles and B/b for the fruit surface texture alleles.

[6]

[Total: 15 marks]

8.
(a)
White Leghorn domesticated chickens carry a dominant allele, I, that inhibits feather pigmentation. Birds homozygous for the recessive allele, i, have pigmented plumage, provided that they carry the dominant allele, C, of a gene for melanin production.


Name the interaction between alleles I and C.

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

[1]

 (b)
Allele i codes for a protein that is essential for normal production of melanin. In comparison with i, allele I has a 9 base pair insertion in its DNA.


Explain how such an insertion could alter the expression of the gene.

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

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

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

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

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

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

[4]

(c)
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.

(i)
State the genotypes at the I/i and C/c loci of the parental and F1 generations.


parental phenotypes:
White Leghorn
×
Red Junglefowl


parental genotypes:
........................
........................


F1 genotype:
...............................................................
[2] 

(ii)
State the ratio of phenotypes expected in the F2 generation.

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

[Total 8 marks] 
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