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SECTION D Biotechnology 

Answer ALL parts of the question. 

4(a) (i) John suffers from a genetic disorder that leads to difficulty in blood clotting. One way to treat John 
is infusing blood. Give two disadvantages of this treatment. (2 marks) 

(ii) It was found that John's problem is caused by a defective gene that fails to produce a certain liver
protein for blood clotting. Scientists have proposed gene therapy to treat this genetic disorder. The
diagram below shows two possible gene therapy approaches:

Approach I \ Approach II 

viral vectors transfer the 
normal gene into liver stem 

introduce a viral vector into 
the body to transfer the normal 
gene into liver cells 

營

obtain liver cells outside the body 
stem cells 

(1) Explain why stem cells should be used for the gene therapy in Approach IL (2 marks) 

(2) With reference to the information in the diagram, explain why Approach II is a better option
m terms of the potential hazards of gene therapy to John. (4 marks)
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4(b) The diagram below shows the change in temperature during a polymerase chain reaction (PCR) cycle 
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(ii) 

Which stage corresponds to DNA denaturation? Explain your answer. (3 marks) 

Mary planned to amplify a fragment of DNA using PCR. The following diagram shows the 
annealing of primers during PCR. The sequence of DNA strand X is shown below and the 
corresponding sequences of regions I and II are highlighted: 

�DNA strand X 

DNA strand Y 

reg10n I 

primer I 
恰、、、｀丶，、、、＼ DNA extension

DNA extension 

region II 

t-.,�、�\\\\\\\\�
pnmer II 

A-

Sequence of DNA strand X: 

七TGGCGCTGGG CGCAATGCGC GCCATTACCG 
rerrion I 

GCGGATATCT I CGGTAGTGGG ATACGACGAT I ACCGAAGACA 

TATCCCGCCG 

CCAGCGTGGA 

AATCAGCTGT 

CAATACGCAA 

TGGCACGACA 

TA ATGTGAGT 

TTC G G C T C G  

TTAACCACCA 

CCGCTTGCTG 

TGCCCGTCTC 

ACCGCCTCTC 

GGTTTCCCGA 

TAGCTCACTC 

TCAAACAGGA 

CAACTCTCTC 

ACTGGTGAAA 

CCCGCGCGTT 

CTGGAAAGCG 

AGTCCGGGCT 

TTTTCGCCTG 

AGGGCCAGGC 

AGAAAACCA 

GGCCGATTCA 

GGCAGTGAGC 

GCGCGTTGGT 

GCTCATGTTA 

CTGGGGCAAA 

GGTGAAGGGC 

CCCTGGCGCC 

TTAATGCAGC 

GCAACGCAAT 

ATTAGGCACC CCAGGCTTTA 

TATGTTGTGT I GGAATTGTG;
eg

二盅iATA ACA I ATTTCACACA 

CACTTTAT GC 

no. of 
bases 

50 

100 

150 

200 

250 

300 

350 

400 

450 
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Mary designed the following primers for the PCR: 

Primer I: 

Primer II: 

CGGUAGUGGG AUACGACGAU 
DNA extension 

') 

CCTTAACACT CGCCTATTGT DNA extension
') 
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(I) There is one type of mistake in each primer. Write the correct primers to be used. (2 marks)

(2) What is the predicted size (in terms of number of base pairs) of the PCR product? (1 mark)

(iii) Mary used the following plasmid as a vector to carry the PCR product to transform bacteria. The
plasmid contained:

(I) an amp1c!llin resistance gene;
(II) a Z gene encoding an enzyme that converts substance X to blue compounds;
(III) some restriction sites within the Z gene

ampicillin resistance gene restriction sites 

Zgene 

After the transformation of the bacteria, Mary grew the bacteria on agar plates containing both 
ampicillin and substance X. Blue and white bacterial colonies were formed. 

(I) What is the purpose of adding ampicillin to the agar plates? Explain your answer. (2 marks)

(2) Explain which type of colony (blue or white) contains non-recombinant plasmids, i.e.
without DNA insert. (4 marks)

END OF PAPER 

Sources of materials used in this paper will be acknowledged in the booklet HKDSE Question Papers published by 
the Hong Kong Examinations and Assessment Authority at a later stage. 
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