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• Part B of Section 2 (Questions 22 to 28) 50 marks 
• Answer all questions in Part B 
• Write your answers in this question booklet 
• You may write on final lined page (p. 10) if you need more space 
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SECTION 2: Part B (Questions 22-28) 

(50 marks) 

 

Answer all questions in this part. 

 

22.  Beckwith-Wiedemann syndrome (BWS) is a rare disorder in which individuals have abnormal 
growth and an increased risk of childhood cancer. 

 
 Cyclin-dependent kinase inhibitor 1C (CDKN1C) is a protein that inhibits cell division. In human 

beings, this protein is coded by the CDNK1C gene. In some patients with BWS, there is more 
DNA methylation of the CDKN1C gene than there is in individuals who do not have BWS. 

 
 
(a) State the name of the DNA nucleotide that is most often methylated. 

______________________________________________________________________ (1 mark) 

 
 
(b) State the effect of increased DNA methylation of the CDKN1C gene on its expression. 

_____________________________________________________________________________ 

______________________________________________________________________ (1 mark) 

 
 
(c) Explain how altering the expression of the CDNK1C gene could lead to cancer. 

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 

_____________________________________________________________________ (3 marks) 

 
(d) Explain one other way in which DNA expression can be altered. 

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 

_____________________________________________________________________ (2 marks) 
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23.  The Pyrenean ibex was as subspecies of the mountain goat. In the year 2000, Celia, the last 
individual of this subspecies was killed by a falling tree, resulting in the extinction of the 
Pyrenean ibex. 

 
 A team of scientists removed the nucleus from a goat egg cell. They then injected the nucleus 

from one of Celia’s preserved somatic cells into the enucleated (has had nucleus removed) goat 
egg cell. The resulting embryo was implanted into a surrogate goat that gave birth to a clone of 
Celia in 2003. The clone died shortly after birth. 

 
 
 
 
 
 
 
 
 
 
 
(a) Explain why the nucleus of a somatic cell and not the nucleus of an egg cell must be injected 

into a donor egg cell in order to produce a clone. 
 
_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 

_____________________________________________________________________ (2 marks) 

 
 
(b) Name the type of cell division that produces baby ibex from an embryo that has been 

implanted into a surrogate goat. 
 
______________________________________________________________________ (1 mark) 

 
 
(c) State two features of the daughter cells that are produced by the division of a somatic cell. 

 
_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 

_____________________________________________________________________ (2 marks) 

 
 
 

Ddarn tree… 
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(d) Explain one reason why the subspecies Pyrenean ibex could not be preserved by producing 
many clones of Celia. 
 
_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 

_____________________________________________________________________ (2 marks) 

 
 
(e) State two conditions that are necessary in order for animal cells to be cloned in a laboratory. 

 
_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 

_____________________________________________________________________ (2 marks) 

 
 
 

(f) (i) Identify one other contemporary application of cell culture. 
 

____________________________________________________________________(1 mark) 

 
 

(ii) State one limitation of this application. 
 

___________________________________________________________________________ 

____________________________________________________________________(1 mark) 
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24.  Refer to the following diagram of the EF23A gene from the genome of an individual human 
named Tim Badger.  The EF23A gene is found in all humans. The numbers listed are base pairs 
for the intron (above) and exons (below). 

 
 
 
 
(a) State how long (in bases) the mRNA transcript will be that is produced from this sequence. 

 
_______________________________________________________________________(1 mark) 

 
 
 
(b) What is the maximum number of amino acids that could make up the protein product from this 

gene? 
 
______________________________________________________________________ (1 mark) 

 
 
 
(c) The introns in this gene represent the individual’s VNTRs that are present in his copy of this 

gene.  Explain how VNTRs can be used to identify unique individuals in a population. 
 
_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 

______________________________________________________________________(3 marks) 
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25.  Refer to the false-colour transmission electron micrograph (TEM) of an organelle taken from a 
plant leaf cell. 

 
 
 
 
 
 
 
 
 
 
 
 
 
(a) State the name of the structure labelled ‘X’. 

 
_______________________________________________________________________(1 mark) 

 
(b) Explain how this structure increases the rate of reactions in the organelle. 

 
_____________________________________________________________________________

______________________________________________________________________(2 marks) 

 
(c) It has been found that this organelle has its own DNA, but that it differs from the DNA found in 

the nucleus of its host cell. 
 

Discuss the advantages of DNA located in this organelle and how it differs from that found in 
the nucleus. 
 
_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

______________________________________________________________________(4 marks) 

X 
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26.  The net movement of oxygen into and out of a leaf was measured over a six-hour period, and 
the results are shown graphically below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) At what point in the graph is the light intensity likely to be greatest? Justify your answer. 

 
_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

______________________________________________________________________(3 marks) 

 
 
(b) At what point(s) on the graph is the rate of photosynthesis equal to the rate of respiration? 

Justify your answer. 
 
_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

______________________________________________________________________(3 marks) 
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27.  Insulin is a peptide hormone that is required for the regulation of blood glucose. 
 
 People with Type 1 diabetes (T1D) do not produce enough insulin to regulate blood glucose.  

Insulin is in injected before meals to regulate blood glucose levels. 
 
 Genetically modified bacteria have been used to manufacture large quantities of human insulin 

protein for commercial use since 1979. 
 
 
(a) Explain the role of gene probes and restriction enzymes in extracting the human insulin gene. 

 
_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

______________________________________________________________________(4 marks) 

 
(b) Explain how the human insulin gene is incorporated into, and expressed in, the bacteria. 

 
_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

______________________________________________________________________(4 marks) 
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28.  Refer to the following information: 
 

 

 

 

 

 

 

 

 

 

 

 

Discuss how this example demonstrates one or more key concepts of science as a human 
endeavor. 
_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________ (6 marks) 

 When viewing cells under a microscope, the view is always in flat 2D. An international collaboration of 
researchers has been looking for a way to overcome this problem, and they think they've found one - using tiny 
mirrors to create a 3D view of cells. 

 
The researchers, from the University of Technology Sydney (UTS) in Australia, Peking University in China, and 
the Georgia Institute of Technology in the US, say that although this technology is simple, it should allow for 
scientists to gather much better information about the third dimension of cells. 

"This simple technology is allowing us to see the details of cells that have never been seen before," said one of 
the researchers, Dayong Jin from UTS. 

The new technology, dubbed MEANS (mirror-enhanced, axial-narrowing, super-resolution) microscopy, works 
by capturing layers of the cell at different focal points, giving the researchers the ability to see the changes in 
layers of the cell. 
 
The development could have wide reaching implications for the microscopy field, and could help scientists to 
see cells from a whole new perspective, and in more detail than ever before. It could lead to improved 
understanding of cell function and how cells interact with harmful bacteria and viruses – leading to advanced 
abilities in fighting common diseases that plague poverty-stricken countries. 
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You may write on this page if you need more space to finish your answers to any questions in Part B 
of Section 2. Make sure to label each answer carefully (e.g. 23 (f)(i) continued). 
 
_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 


