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(PART A) 

 

GREY EXAM 

1. B 2. A 3. B 4. B 5. C 

6. B 7. A 8. B 9. C 10. E 

11. E 12. D 13. A 14. C 15. C 

16. D 17. (skipped) 18. A   

 

 

 

PINK EXAM 

1. D 2. A 3. B 4. A 5. A 

6. D 7. E 8. E 9. B 10. C 

11. A 12. C 13. A 14. A 15. C 

16. A 17. (skipped) 18. A   

 

 

* These 17 questions still weighs 18 marks towards your final grades. 
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(PART B) 

19a) 
The promoter should be essential for the yellow gene expression in both wings and 
claws. [0.5] Deletion of -200 to +1 disrupted the expression in both wings and claws, so 
it has the promoter sequence. [0.5] 

 
19b) 
Deletion of the Wing enhancer should only affect the expression in wings, but not in 
claws. [0.5] Only fragment -600 to -400 has the Wing enhancer. [0.5] 

 
19c) 
Switching the locations of the Wing enhancer (-600 to -400) and the Claw enhancer 
(+200 to +450) will not change the expression pattern of the yellow gene [0.5], as 
enhancers are position-independent. [0.5]  

 
19d) 
Northern blotting [0.5]: Isolate RNA, perform gel electrophoresis and transfer RNA in 
the gel to a membrane. Hybridize the membrane with a radioactively or fluorescently 
labeled yellow gene probe. [0.5]  

RT-PCR [0.5]: Reversely transcribe the yellow mRNA to cDNA, using a primer base-
paired to the 3’ end of the mRNA and reverse transcriptase. Then PCR amplify the 
cDNA using a pair of yellow gene-specific primers, and check the PCR products by gel 
electrophoresis [0.5] 
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20a) 

 
 
 
20b) 

1. Isolate DNA from dogs; [0.5] 
2. Digest DNA with restriction endonuclease/enzyme EcoRI; [0.5] 
3. Separate DNA restriction fragments by gel electrophoresis; [0.5] 
4. Transfer DNA restriction fragments to DNA-binding membrane; [0.5] 
5. Hybridize DNA on the membrane to radioactively or fluorescently labeled probe 

(shown above in red); [0.5] 
6. Wash the membrane/blot and detect the bands by exposing to x-ray file 

(autoradiography) or capture fluorescence by special cameras; [0.5] 
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20c) 
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21) 
 
Use DNA microarray technology to perform genome-wide transcription profiling (or 
transcriptome analysis) [1 Mark]; 
 

1. Prepare microarrays with DNAs specific to all the genes in this organism; [0.5] 
2. Isolate RNAs from both long-lived and average/normal individuals, and labeled 

the RNAs (or the cDNAs reversely-transcribed from these RNA samples) 
differentially, e.g., red fluorescence for long-lived and green fluorescence for the 
average; [0.5] 

3. Hybridize equal amount of labeled mRNAs or cDNAs to the DNA microarrays; 
[0.5] 

4. Analyze the microarray results: The gene probes (spots) on the microarrays that 
are red indicate that those genes are expressed/transcribed at higher levels in 
long-lived animals than those with a normal lifespan. [0.5] 
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22a) No partial marks 
    Left/forward/upstream Primer:    5’ AAGTCC 3’ [0.5 Mark]  

Right/reverse/downstream Primer:   5’ CGGCTG 3’ [0.5 Mark]  

22b) 
Gel electrophoresis [0.5] 
Negatively charged DNAs will migrate to the anode (or positive electrode) in an electric 
field. When DNAs move in porous media (or gel), larger DNA fragments migrate slower 
so they are separated by size. [0.5] 
 
22c) 
PCR Cycle 1: 
Step 1: Denaturation at ~95 C (or separation of the two DNA strands);  
Step 2: Annealing at ~55 C (or primers base pairing to their complementary 
sequences); 
Step 3: Primer extension/DNA synthesis at ~70 C, as shown below; 
 

 
PCR Cycle 2 
Same three steps as Cycle 1. The final DNA synthesis step is as follows: 

 
 Three PCR steps, 0.5 Mark each, [1.5 Mark] 
 Proper polarity and correct alignment of the two primers to their target sites 0.5 

Mark each x 2 = [1 Mark] 
 Correct lengths of newly synthesized/nascent DNA strands [0.5] 
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