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1. Describe the activities and functions of DNA polymerases in Escherichia coli and Human cells
involved in DNA replication. (8 4)

2. The Nobel Prize in Chemistry 2015 awarded to Tomas Lindahl (base excision repair), Paul
Modrich (mismatch repair) and Aziz Sancar (nucleotide excision repair) for their contributions to
explain how the cell repairs its DNA and safeguards the genetic information. Please describe the
DNA repair pathways and biological significance each Nobel laureates studied. (9 %)

3. Double strand breaks (DSBs) in DNA if not repaired the consequence to the cell is disastrous.
Please describe two mechanisms used to repair DSBs in cells.(8 o)

4. Below is a bacteria promoter with -10, -35 and UP elements.

UP-element

(1) Please describe what will be the best assay to determine the interactions between the RNA
polymerase and the different elements on the promoter.(5 2)

(2) David wants to determine whether the distance between -10/-35 and -35/UP will affect the
transcription efficiency of the promoter. He will construct two mutant promoters (Mutant A and

Mutant B) and put a reporter gene downstream of the promoter. What will be the expected
results? (10 4)

witd-type  (_[0E] [ )

UP-element -35 -10

([

Mutant A e,

UP-element -35 -10

MutantB [

UP-element

5. Below is a gene encoding three exons.

N

exonl exon 2 exon 3

Intron 1 Intron 2 N

(1) Please describe the sequence features which are required in splicing. (5 %)
(2) If this gene undergoes alternative splicing, what will be generated? 5
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6. A gene called dbt1 has just been found to account for the familial diabetes for two families.
Researchers found that, in several patients from family A, both mRNA and protein of dbtf are
barely detectible. On the other hand, the dbt1 mRNA isolated from patients from family B is
significantly longer than normal group, resulting in a much longer DBT1 protein.

(1) (6 %) Suppose both families are affected by single nucleotide change at different regions of the
DBT1 gene, please propose the molecular mechanisms that cause the diabetes in the two
families

(2) (4 4) Do you think the mutations in family A and family B would be genetic dominant or
recessive? Explain why.

(3) (6 %) Continued from above, the researchers found that the mutation of DBT1 gene in family B is
also present in family C, which does not develop diabetes. Interestingly, the length of dbf7 mRNA
and protein are normal in family C. The researchers found that members of family C bare an
additional mutation in dbt2, which encodes an RNA binding protein. The sizes and levels of dbt2
mRNA and protein isolated from family C are comparable to control group. Please propose the
molecular mechanisms that accounts for prevention of diabetes in family C.

(4) (9 4-) Continued from above, suppose you have obtained both normal and mutated versions of
dbt1 and dbi2 genes from the three families, please design experiments that would test your
proposed models. '
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(2) #— R E A4 (NGS, Next-Generation SequencenfB R e 8 0 FA ML AREM LY R IHT L
Z—  FRAGHN —REABRY TR RELRR) RELE - LR LG4 L1LE
4 %)

P S LGFEREN CREGENEESL  FALBNAR TN ATEAGHAATSEE
¥ 4 554444 R & (Real-Time Quantitative PCR)# #4132 sh &2 3

A AT k%3
Internal control Gene A Internal control Gene A
E—Eg4 CtH 18.9 24.1 21.3 31.0
&4 Ct 19.0 246 25.6 33.8
$=&4CtH 19.1 24.8 26.6 34.2
HH :

a PHAXFRCBAGRBETRAYRELRAAE? 2 5)

b. BREILER ARRENTBHEEARELTAE 23 %)
C HEMBERBALAPMM? BHE 203 2)
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(4) £ —42¥ 88 % 21£(SNP, Single Nucleotide Polymorphism)#s s & Byl B ? Lk F kT 10
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(5) & # 2k Bk (Western blo)Z 5 FA ML LEZ KM 8 RoWMEGEESHER HWN &R H%
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