BIOTECH and GENETICS PRACTICE

1. Sickle cell anemia is a serious disease caused by a single base substitution mutation. Explain how a single base substitution mutation can have significant consequences for an individual. (6 marks)
2. 
(a)    Define the term degenerate as it relates to the genetic code.
 (1)

(b)
Apart from international cooperation, outline two positive outcomes of the Human Genome Project.

 (2)

(c)
State the catalytic activity of reverse transcriptase.

 (1)

3. Which enzymes are needed to produce recombinant plasmids that are used in gene transfer?

A.
DNA polymerase and ligase

B.
DNA polymerase and restriction enzymes

C.
Restriction enzymes and ligase

D.
Helicase and restriction enzymes

4. The following is a DNA gel.  The results are from a single probe showing a DNA profile for a man, a woman and their four children.
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[Source: The Biology Project, University of Arizona]


Which fragment of DNA is the smallest?

A.
I

B.
II

C.
III

D.
IV

(1)

5. The following is a DNA gel.  The results are from a single probe showing a DNA profile for a man, a woman and their four children
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Which child is least likely to be the biological offspring of the father?

A.
Child 1

B.
Child 2

C.
Child 3

D.
Child 4

(1)

6. Discuss the potential benefits and possible harmful effects of genetic modification.
(Total 7 marks)

7. Outline a basic technique for gene transfer involving plasmids.

(Total 5 marks)

8. Outline a method for carrying out gene therapy, using a named example.

(Total 8 marks)

9. Discuss whether genetic screening should be carried out for sickle cell anemia and other genetic diseases.

(Total 4 marks)

10. What is a difference between autosomes and sex chromosomes?

A.
Autosomes are not found in gametes but sex chromosomes are.

B.
Sex chromosomes are found in animal cells and autosomes are found in plant cells.

C.
Autosomes are diploid and sex chromosomes are haploid.

D.
Sex chromosomes determine gender and autosomes do not.

11. 
(a)
State the names of the parts of the chromosome labelled (i) and (ii) on the diagram below.
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(2)

[Source: adapted from Hartwell (editor) (2003), Genetics: from Genes to Genomes,
2nd edition, McGraw Hill, page 81]

(b)
Explain how the inheritance of chromosome 21 can lead to Down’s syndrome. (3)

(c) Explain how meiosis promotes variation in a species.(2)  (Total 7 marks)

12. Describe how sexual reproduction promotes genetic variation within a species.(Total 4 marks)

13. Karyotyping involves arranging the chromosomes of an individual into pairs.  Describe one application of this process, including the way in which the chromosomes are obtained. (Total 5 marks)

14. Outline the differences between the behaviour of the chromosomes in mitosis and meiosis. (Total 5 marks)

15. A cell with a diploid number of 12 chromosomes undergoes meiosis. What will be the product at the end of meiosis?

A.
2 cells each with 12 chromosomes

B.
4 cells each with 6 chromosomes

C.
2 cells each with 6 chromosomes

D.
4 cells each with 12 chromosomes

16. Which process results in the greatest genetic variation in a population?

A.
Meiosis

B.
Mitosis

C.
Cytokinesis

D.
Natural selection

17. Describe, with the aid of a diagram, the behaviour of chromosomes in the different phases of meiosis. (Total 5 marks)

18. Explain how meiosis and fertilization can give rise to genetic variety. (Total 8 marks)

19. Which response describes the behaviour of chromosomes in metaphase I and anaphase II of meiosis?

	
	Metaphase I
	Anaphase II

	A.
	Chromosomes line up at the equator
	Separation of homologous chromosomes

	B.
	Tetrads (bivalents) line up at the equator
	Separation of homologous chromosomes

	C.
	Chromosomes line up at the equator
	Separation of sister chromatids

	D.
	Tetrads (bivalents) line up at the equator
	Separation of sister chromatids


20. Define the terms gene and allele and explain how they differ. (Total 4 marks)
21. (b) State one example of sex linkage.

(c)  Draw a simple pedigree chart that clearly shows sex linkage in humans. Use conventional symbols. Start with an affected woman and an unaffected man.(4)(Total 6 marks)

22. The diagram below shows a cell in meiosis. What can be deduced from this diagram?

[image: image4.wmf]
[Source: J W Saunders, (1968), Animal Morphogenesis, MacMillan, page 7]

	
	Stage of meiosis shown
	Haploid number of
chromosomes in this cell

	A.
	Metaphase I
	6

	B.
	Prophase I
	3

	C.
	Prophase I
	6

	D.
	Metaphase I
	3


23. 
(a)
Define the term sex linkage.  (1)

(b)
A male and female with normal color vision each have a father who is color blind. They are planning to have children. Predict, showing your working, the possible phenotypes and genotypes of male and female children.
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 (3)

(c)
Explain the relationship between Mendel’s law of segregation and meiosis. (3)

(d)
Distinguish the differences between animal cells and plant cells undergoing mitosis and cytokinesis. (2) (Total 9 marks)

24. The diagram below shows a cell during meiosis.
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How many chromosomes would each daughter cell have at the end of meiosis?

A.
1

B.
2

C.
4

D.
8

25. The diagram below shows chromosomes during prophase I of meiosis. How many chromosomes and chiasmata are visible?
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	Number of chromosomes
	Number of chiasmata

	A.
	2
	2

	B.
	4
	2

	C.
	2
	4

	D.
	4
	4


26. The diagram below shows the pedigree of a family with red green colour-blindness, a sex-linked condition.
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(b)
Deduce, with a reason, whether the allele producing the condition is dominant or recessive. (2)

(c)
(i)
Determine all the possible genotypes of the individual (2nd generation-1) using appropriate symbols. (1)

(ii)
Determine all the possible genotypes of the individual (3rd generation-4) using appropriate symbols. (1)

27. The following diagram represents a two generation pedigree showing the blood groups of the individuals. The female has been married to two different individuals.
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(a)
Define the term co-dominant alleles.

(b)
Deduce with a reason the probable father of 2nd generation-1. (2)

(c)
If 2nd generation-3 marries a man with blood group AB, predict the possible genotypes of the children. (3)(Total 6marks)

28. A parent organism of unknown genotype is mated in a test cross. Half of the offspring have the same phenotype as the parent. What can be concluded from this result?

A.
The parent is heterozygous for the trait.

B.
The trait being inherited is polygenic.

C.
The parent is homozygous dominant for the trait.

D.
The parent is homozygous recessive for the trait.

29. A woman who is a carrier of hemophilia marries a man who is not affected. What are the possible genotypes of their children?

A.
XHXh, XHXH, XHY, XhY

B.
XHXh, XHXH, XHYh, XHYH
C.
XHXh, XhXh, XHYh, XhYh
D.
XHXh, XhXh, XHY, XhY                           (1)

30. Outline one example of inheritance involving multiple alleles. (Total 5 marks)

31. In garden peas, the pairs of alleles coding for seed shape and seed colour are unlinked. The allele for smooth seeds (S) is dominant over the allele for wrinkled seeds (s). The allele for yellow seeds (Y) is dominant over the allele for green seeds (y).


If a plant of genotype Ssyy is crossed with a plant of genotype ssYy, which offspring are recombinants?

A.
SsYy and Ssyy

B.
SsYy and ssYy

C.
SsYy and ssyy

D.
Ssyy and ssYy

32. 
(a)
Define the term co-dominance. (1)

(b)
A man of blood type AB and a woman of blood type B are expecting a baby. The woman’s mother had blood type O. Deduce the possible phenotypes of the offspring from the cross shown below.
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(4)(Total 5 marks) 
33. The allele for red flower colour (R) in a certain plant is co-dominant with the allele for white flowers (R’). Thus a plant with the genotype RR’ has pink flowers. Tall (D) is dominant to dwarf (d). What would be the expected phenotypic ratio from a cross of RR’dd plants with R’R’Dd plants?

A.
9:3:3:1

B.
50 % pink 50 % white, and all tall

C.
1:1:1:1, in which 50 % are tall, 50 % dwarf, 50 % pink and 50 % white

D.
3:1

34. A cross is performed between two organisms with the genotypes AaBb and aabb.


What genotypes in the offspring are the result of recombination?

A.
Aabb, AaBb

B.
AaBb, aabb

C.
aabb, Aabb

D.
Aabb, aaBb

35. In peas the allele for round seed (R) is dominant over the allele for wrinkled seed (r). The allele for yellow seed (Y) is dominant over the allele for green seed (y).


If two pea plants with the genotypes YyRr and Yyrr are crossed together, what ratio of phenotypes is expected in the offspring?

A.
9 round yellow : 3 round green : 3 wrinkled yellow : 1 wrinkled green

B.
3 round yellow : 3 round green : 1 wrinkled yellow : 1 wrinkled green

C.
3 round yellow : 1 round green : 3 wrinkled yellow : 1 wrinkled green

D.
1 round yellow : 1 round green : 1 wrinkled yellow : 1 wrinkled green

36. Using an example you have studied, explain a cross between two linked genes, including the way in which recombinants are produced. (Total 9 marks)

37. The pedigree below shows which members of a family were Rhesus positive (■ and •) and Rhesus negative (□ and O). The allele for Rhesus positive blood (Rh+) is dominant over the allele for Rhesus negative blood (R-).
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Which are possible genotypes of the individuals numbered I, II and III?

	
	I
	II
	III

	A.
	Rh+ Rh+
	Rh+ Rh+
	Rh+ Rh-

	B.
	Rh+ Rh+
	Rh+ Rh-
	Rh+ Rh+

	C.
	Rh+ Rh+
	Rh+ Rh-
	Rh+ Rh-

	D.
	Rh+ Rh-
	Rh+ Rh-
	Rh+ Rh+


38. If red (RR) is crossed with white (rr) and produces a pink flower (Rr), and tall (D) is dominant to dwarf (d), what is the phenotypic ratio from a cross of Rr dd and rr Dd?

A.
9:3:3:1

B.
50 % pink, 50 % white and all tall

C.
1:1:1:1, in which 50 % are tall, 50 % dwarf, 50 % pink and 50 % white

D.
3:1

39. Discuss whether genetic screening should be carried out for sickle cell anemia and other genetic diseases. (Total 4 marks)

40. Discuss the advantages and disadvantages of genetic screening. (Total 8 marks)

41. Discuss the potential benefits and possible harmful effects of genetic modification. (Total 7 marks)

42. What constitutes a linkage group?

A.
Genes carried on the same chromosome

B.
Genes whose loci are on different autosomes

C.
Genes controlling a polygenic characteristic

D.
Alleles for the inheritance of ABO blood groups

43. Two genes A and B are linked together as shown below.
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If the genes are far enough apart such that crossing over between the alleles occurs occasionally, which statement is true of the gametes?

A.
All of the gametes will be Ab and aB.

B.
There will be 25 % Ab, 25 % aB, 25 % ab and 25 % AB.

C.
There will be approximately equal numbers of Ab and ab gametes.

D.
The number of Ab gametes will be greater than the number of ab gametes.

44. In Zea mays, the allele for coloured seed (C) is dominant over the allele for colourless seed (c). The allele for starchy endosperm (W) is dominant over the allele for waxy endosperm (w). Pure breeding plants with coloured seeds and starchy endosperm were crossed with pure breeding plants with colourless seeds and waxy endosperm.

(a)
State the genotype and the phenotype of the F1 individuals produced as a result of this cross.

(b)
The F1 plants were crossed with plants that had the genotype c c w w. Calculate the expected ratio of phenotypes in the F2 generation, assuming that there is independent assortment. Use the space below to show your working. (3)

The observed percentages of phenotypes in the F2 generation are shown below.

coloured starchy
37 %
colourless starchy
14 %

coloured waxy
16 %

colourless waxy
33 %


The observed results differ significantly from the results expected on the basis of independent assortment.

(c)
State the name of a statistical test that could be used to show that the observed and the expected results are significantly different.  (1)

(d)
Explain the reasons for the observed results of the cross differing significantly from the expected results. (2) (Total 8 marks)

45. Discuss the ethical issues for and against the use of transgenic plants. (Total 6 marks)

46. A polygenic character is controlled by two genes each with two alleles. How many different possible genotypes are there for this character?

A.
2

B.
4

C.
9

D.
16

47. Rats were bred for several generations to prefer alcohol (ethanol) consumption. When tested, it was discovered that the brains of these rats possessed lower quantities of the chemical neuropeptide Y (NPY).


To test the hypothesis that lower quantities of NPY leads to a preference for alcohol, rats were genetically engineered to be NPY deficient (genotype NPY –/–), or to produce an excess of NPY (NPY-EX). In separate experiments, the two groups were compared to normal rats (in terms of their alcohol preference) possessing the genotype NPY +/+. The groups were offered solutions of increasing alcohol concentration. The quantity of each solution consumed per day was measured.

Figure 1
Figure 2
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[Source: adapted from Thiele et al., Nature, (1998), 396 pages 366–369]

(a)
Calculate the difference in consumption of the 6 % alcohol solution between the

(i)
NPY –/– and NPY +/+ rats (figure 1). (1)

(ii)
NPY-EX and NPY+/+ rats (figure 2). (1)

(b)
Compare the alcohol consumption of the NPY -/- rats with the NPY-EX rats. (3)

(c) Identify the relationship between NPY levels and alcohol consumption.  (1)


An experiment was carried out to test the hypothesis that an increase in preference for alcohol might be related to a decrease in sensitivity to its effects. Rats were injected with a sample of alcohol and then assessed for the length of time it took for them to regain the righting reflex. (The righting reflex refers to the ability of the rat to return to its feet after being placed on its back.)

Figure 3
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[Source: adapted from Thiele et al., Nature, (1998), 396 pages 366–369]

(d) Deduce the relationship between NPY levels and the time required to regain the righting reflex. (3)


An additional experiment was carried out to determine whether differences in sensitivity to the effects of alcohol might be related to differences in the rats' ability to remove alcohol from their blood. Rats were injected with alcohol and blood samples were taken one hour and three hours later to determine alcohol levels. The results are shown below.

Figure 4
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[Source: adapted from Thiele et al., Nature, (1998), 396 pages 366–369]

(e)
Evaluate the hypothesis that differences in sensitivity to the effects of alcohol might be related to differences in the ability of the rats to remove alcohol from their blood. (2)

(f)
Using all the data, outline the relationship between preference for alcohol and sensitivity to the effects of alcohol. (2)

(g)
(i)
Define the term homozygous. (1)

(ii)
State the phenotype of a rat with the genotype NPY +/+. (1)

(iii)
Using a Punnett grid, predict the fraction of offspring that would have the genotype NPY +/– if two rats were crossed, one homozygous for the NPY+ allele and one homozygous for the NPY- allele. (2)

(Total 17 marks)

      
8

