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Free Response Questions – H2 Core Syllabus by topics
	Instructions to students:
· Revise the relevant section/s of your lecture notes, tutorials, tests and exams after looking at each question.
· Memorize these relevant section/s before writing your answers. If you forget any point while writing, revise again and re-write the entire answer. Do not cheat by just looking at the notes and adding on the points to your answer – you are merely cheating your own learning!
· The marks allocated for each question is a rough gauge of how many points there should be in your answer – they are not the absolute number of points. Thus, if you have more points than the marks allocated, write everything down. Highlight / underline all the key words and phrases in your answers. This set of answers can serve as your revision notes in future, if it is well done. 
· Pace your learning. Attempt 10 question a day, everyday and you will finish revising and memorizing the Biology syllabus before the end of Term 3!



Biomolecules
1. [MYE 14] Explain how cellulose differs from starch in structure. [6] 
2. [Tutorial] Explain how the structure of collagen and haemoglobin are related to their function. [8] 
3. [Tutorial] Explain, with examples, the structural differences between fibrous and globular proteins. [6] 
4. [9286/08/2/9b] Describe the structural differences between collagen and cellulose. [7]
5. [10/2/9b] Explain what is meant by primary, secondary, tertiary and quaternary structure of a named protein. [8] 
6. [Tutorial] Explain how the molecular structure of triglyceride and phospholipid is related to their function. [6] 
7. [MYE 14] Describe the structure of the cell membrane and relate it to its functions. [8]
8. [Tutorial] Suggest why plant cells mainly store carbohydrates and animal cells mainly store lipids. [4] 
9. [BT 15] Describe the ways in which a globular protein differs from DNA. [8]

DNA and Genomics
10. [11/2/9c] Outline the main features of DNA replication. [8]
Describe the process of DNA replication and the experimental evidence for semi-conservative replication. [15]
11. Predict and explain the results of the 3 models of DNA replication up to 2 generations.[10]
12. Describe the structure and roles of DNA and RNA (tRNA, rRNA and mRNA).
Contrast between the structure of DNA with that of RNA. [5]
Describe the roles of mRNA, tRNA and rRNA in protein synthesis. [8]
[03/2/8a] Describe the role of messenger RNA in protein synthesis. [8]
[14/2/10a] Describe the structure and role of tRNA. [7]
Describe how the structures of RNA are adapted for translation. [8]
13. Describe how the information on DNA is used to synthesise polypeptides in prokaryotes and eukaryotes [20]
[ACJC 2015/P2/9b] Describe the process of translation. [8] 
14. Compare and contrast replication and transcription. [12]
15. Contrast between transcription and translation. [8]
16. [9283/07/2/7] Outline how enzyme synthesis is controlled by DNA. [7]
17. [ACJC 2015/P2/10b] Explain how a deletion mutation in the gene for DNA polymerase III will prevent the occurrence of DNA replication. [6]
[14/2/10b] Explain how gene mutations may affect the protein coded for by a gene.
18. [03/2/8b] Explain how substitution of one base in DNA may change the phenotype of an organism. [6]
[14/2/10c] For a named genetic disease, describe the causal mutation and outline its effect on the phenotype of an organism. [6]
19. [NJC 2015/P2/10] Define the terms gene and allele and explain how they differ. [4]
[NJC 2015/P2/10] Describe the chemical structure of the gene. [8]

Respiration
20. [Tutorial] Outline the main stages of glycolysis. [8]
[AJC 2013] Explain the significance of the steps in glycolysis. [5]
[ACJC 2010 H1 P2] Describe the role of glycolysis in respiration. [7]
21. [BT 2016] Outline the main stages of the Krebs cycle. [8]
22. [BT 2016] Describe the role of NAD and FAD in cellular respiration. [6]
[TPJC 2010] Outline the role of NAD in aerobic respiration. [6]
[RI 2010] Outline the role of NAD in aerobic and anaerobic respiration. [6]	
[TPJC 2010 H1 P2] Outline the main features of glycolysis and Krebs cycle which lead to the production of NAD. [10]
23. [BT 2016] Explain how ATP is produced in anaerobic respiration. [6]
24. [Tutorial] Explain the small yield of ATP from anaerobic respiration in both yeast and mammals [8] 
[PJC 2010 H1 P2] Explain the continual production of a small yield of ATP from anaerobic respiration in yeast. [6]

Photosynthesis
25. [12/2/9a] Outline the light dependent reactions of photosynthesis. [7]
26. [2014 RI] Compare photophosphorylation with oxidative phosphorylation. [6]
27. [12/2/9b] Explain the role of membranes in the chloroplast. [7]
[NJC 2010 H1 P2] Describe the roles of membranes in photosynthesis and in respiration. [8]
[AJC 2013] With reference to photosynthesis and cellular respiration, explain the importance of compartmentalization within a plant cell. [10]
28. [12/2/9c] Describe the effect of increasing light intensity on the rate of photosynthesis. [6]
29. [Tutorial]  Explain how ATP is synthesized using light energy in photosynthesis. [6]
[RI 2010 H1 P2] Describe the process of chemiosmosis in the chloroplast, highlighting the processes that generate and maintain the proton gradient. [6]
30. [08/2/8c] & [TJC 2010 H1 P2] State the similarities between ATP production in mitochondria and chloroplasts and suggest why these similarities exist. [5]
31. [Tutorial] Describe the main stages of the Calvin cycle. [8]
32. [08/2/8a] Compare Calvin cycle and Krebs cycle. [7]
33. [Tutorial] Outline the role of NADP in photosynthesis. [6]
34. [Tutorial] Explain the effect of carbon dioxide and light as limiting factors on the rate of photosynthesis. [6]
Genetics of Viruses
35. Discuss whether viruses are living or non-living organisms and why viruses are obligate parasites. [9] 
[N2013/P2/Q10b] Explain why viruses may be regarded as non-living organisms. [7]
[SAJC 2010] Describe the general structure of a named animal virus, and explain why viruses are obligate parasites. [6]
36. Describe the role of the structural components of viruses. [5]
[NYJC 2010] Describe the structural components of viruses. [6]
[N2013/P2/Q10c] Outline the structure and function of viral nucleic acid. [7]
37. Describe the reproductive cycle of T4 phage. [5]
[HCI 2010] Describe the lytic cycle of a bacteriophage. [7]
[RI 2010] Relate the structure of the T4 bacteriophage to its function. [7]
38. Describe the reproductive cycle of lambda phage. [5]
39. Describe the reproductive cycle of influenza virus. [6]
40. [VJC 2013] Discuss the importance of membranes in the reproductive cycle of the influenza virus. [6]
41. [NYJC 2010] Suggest why the influenza virus displays high genetic diversity. [4]
[SAJC 2010] Outline how the influenza virus is able to bypass the human defense mechanism to cause disease. [4] 
42. Describe the reproductive cycle of HIV. [6]
[HCI 2011] Explain how the structure of the Human Immunodeficiency Virus (HIV) is related to their functions in the viral reproductive cycle. [6]
43. [TPJC 2013] Compare the mode of infection of Influenza Virus and Human Immunodeficiency Virus. [6]
44. [NYJC 2010] Distinguish between the reproductive cycles of lambda phage and HIV. [5]
[SAJC 2010] Compare and contrast the reproductive cycles of the Lambda phage and the Human Immunodeficiency Virus (HIV). [10]
*Please study the following comparison table given to you earlier:  
Compare the structure and reproduction cycles of T4 phage, Lambda phage, HIV and influenza. Use the following as features for comparison.
	a) Genome
b) Capsid
c) Envelope
d) Host Cells
e) Attachment/adsorption
	f) Entry/penetration
g) Integration
h) Synthesis of viral components
i)  Viral assembly and maturation
j)  Release 


45. Describe how viral infections cause disease in animals, e.g. mammals (Hint: relate HIV to T helper cells and influenza to epithelial cells). [12]
[NYJC 2010] Explain how HIV infection causes disease in humans. [9]
[N2013/P2/Q7a] Describe how infection by HIV causes disease. [7]
[HCI 2011] Suggest how viruses can cause diseases other than cancer. [4]

Organisation and Control of Prokaryotic Genome
46. Describe the structure of bacterial chromosome, including the arrangement of DNA within bacterial cells. [6]
47. Compare the structure and organisation of prokaryotic and eukaryotic genomes. [6]
[Tutorial] Describe how bacterial/ prokaryotic chromosomes differ from eukaryotic chromosomes in terms of structure and organisation. [6]  
48. Describe the differences between transcription and translation in prokaryotes and eukaryotes. [8]
49. Describe the process of binary fission, transformation, transduction and conjugation in bacteria and explain the role of F plasmids in bacterial conjugation. [10]
[TPJC 2013/ DHS 2014] Describe how horizontal gene transfer can occur in prokaryotes. [8] 
[Tutorial TJC 2011] Outline the processes of binary fission and transduction in bacteria and briefly explain their significance. [6] 
50. [NYJC 2015] Explain how genetic variation in bacteria could have arisen. [8]
[MJC 2014] Describe how the involvement of bacteriophages increases genetic variation of a bacterial colony. [7]
51. Distinguish between structural and regulatory genes. [6]
52. [SAJC 2013] Distinguish between the repressible and inducible systems of gene regulation (Hint: use trp and lac operon as examples). [6]
53. Describe the concept of a simple operon (Hint: include positive & negative controls). [8]
[N07/P2/Q9] Describe the main structural features of the lac operon. [8]
54. [N07/P2/Q9] Explain how the presence of lactose in the growth medium switches on the lac operon. [8]  
[N10/P2/Q8a] Describe how the prokaryote, E.coli, is able to respond to varying concentrations of lactose. [6]
[NYJC 2015] Describe how the prokaryote, E.coli, is able to respond to varying concentrations of lactose and glucose. [8]
55. [Tutorial N07/P2/Q9] Suggest why operons are necessary in bacteria. [4]  
56. Outline the differences between prokaryotic control of gene expression with the eukaryotic model. [12]

Organisation and Control of Eukaryotic Genome
57. [AJC 2008] Describe the structure and function of portions of eukaryotic DNA that do not code for protein or RNA (Hint: refer only to intron, centromere, telomere, promoter, enhancer and silencer). [15]
[Tutorial] Describe the significance of the portions of eukaryotic DNA that do not encode for protein or RNA. [8]
[N11/P2/Q9] Describe the roles of telomeres and centromeres. [6]
[Tutorial] Define control elements and explain how they influence transcription. [10]  
58. [MJC 2014] Discuss the roles of telomeres and telomerase in enabling the functions of stem cells. [8]
[SRJC/ PJC 2010] Describe the function of telomerase and explain why its expression is necessary in a named cell type in the human body. [8]
59. Describe the process and significance of gene amplification. [8]
60. Describe the various levels at which gene expression may be controlled in eukaryotes. Specific examples may be quoted to substantiate your answers. [15]
[NYJC 2010] In addition to control elements, describe how the rate of transcription is regulated [6]
[SAJC/ PJC 2010] Describe the eukaryotic processing of pre-mRNA. [6]
[RJC 2008] Discuss how regulation of gene expression can occur at the translational and post-translational level in a eukaryotic cell. [8]
***[2013 H2 P2] Outline the differences between prokaryotic control of gene expression with the eukaryotic model. [10]
[AJC 2008] Compare and contrast the control of gene expression in prokaryotic and eukaryotic cells. [6]
61. [Tutorial] Comment on the need for a higher-level genome organization in eukaryotes. [5]
62. Describe how mutations in proto-oncogenes and tumour suppressor genes may result in cancer. Specific examples must be quoted to substantiate your answers. [6]
[NJC 2014] Describe the functions of common proto-oncogenes and tumour suppressor genes and explain how loss of function mutation and gain of function mutation can contribute to cancer. [6]
63. [HCI 2014] Describe why the development of cancer is a multi-step process. [8]
64. [TPJC 2010] Explain how one named factor increases the chances of cancerous growth. [4]

Cell Signalling
65. Describe the three main stages of cell signalling – ligand-receptor interaction, signal transduction (inclusive of phosphorylation and signal amplification) and cellular responses. (Hint: include insulin & RTK signalling and glucagons & G-protein signalling as examples in your answer.) [10]

Diversity and Evolution
66. Explain the binomial nomenclature of a species and hierarchical classification. [5]
67. Explain the relationship between classification and phylogeny. [5]
68. Describe the classification of species into taxonomic groups and explain the various concepts of species, highlighting their advantages and disadvantages. [10] 
69. Explain why variation is important in selection and how natural selection may bring about evolution of new species. [12] 
70. [RI 2014] Describe the role of meiosis in natural selection. [8] 
[AJC 2013] Explain the role of meiosis in natural selection. [5]
71. Explain why the population is the smallest unit that can evolve. [4]
72. Explain, with two named examples, how environmental factors act as forces of natural selection. [8]
73. Explain how species are formed with reference to geographical isolation, physiological isolation and behavioural isolation. [9]
74. Explain with examples, how embryological, anatomical and molecular homology support Darwin’s theory of natural selection (with emphasis on descent with modification). [8]
[NJC 2014] Explain, with examples, how anatomical and embryological homology supports Darwin’s Theory of Natural Selection. [6]
75. Explain how biogeography and the fossil record support evolutionary deductions based on homologies. [8] 
76. Explain the importance of the use of nucleotide and amino acid sequences in reconstructing phylogenetic relationships and state the advantages of these molecular methods in classifying organisms. [12]
77. Using relevant examples, explain how genetic variation (including recessive alleles) may be preserved in a natural population. [10]
78. [bookmark: _GoBack]Briefly describe the neutral theory of molecular evolution. (Hint: include knowledge of genetic drift and molecular clock). [8]
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