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1. How does DNA replicate in the lagging strand? Please use
both text and graph to answer the question. (10 %)

2. Please describe the process of general transcription in
eukaryotes. (10 %)

3. Please explain the following terms: (a) enhancer (b) DNA
proofreading (c) missense mutation (d) DNA translocation
(e) start codon. (15 %)

4.  Please explain “post-translational modification”? Please
design experiments to examine “post-translational
modification”? (20 %)

5. Please explain “epigenetic modifications”? Please list three
examples, and explain the working mechanisms of above
three examples. (20 %)

6. (44 25 4-)Gene regulation is affected by several different
factors. (a) Please describe two “cis-elements” that affect the
gene regulation at transcription level. (6 %) (b) How to
prove these cis-elements regulate gene expression? (6 %) (c)
Please provide two “trans-acting” factors that regulate gene
expression at transcription level. (6 %) (d) How to prove the
regulatory functions of these trans-acting factors? (7 %)
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1. Cell Nucleus (15%)
(1) Please describe the functions of the "nucleolus."

(2) Please describe the mechanism of chromatin condensation during mitosis.

2. Mitochondria (10%)
Mitochondria are crucial organelles for energy production. Please describe how the

electron transport chain and ATPases cooperate to generate energy in mitochondria.

3. Cell Membrane (15%)
(1) Please describe the "Fluid mosaic model" for cell membranes.
(2) Please design an experiment to measure the velocity of molecules moving within

the cell membranes.

4. Cell Communications (15%) ,
Intercellular communication can be achieved by specialized connecting structures or
membrane-bound vehicles. Please describe at least FOUR kinds of specialized
connecting structures/membrane-bound vehicles and explain the mechanisms of how

they deliver molecules intercellularly.

5. Cell Division (15%)
Mitosis is conventionally divided into five phases such as Prophase, Prometaphase,
Metaphase, Anaphase, and Telophase. Please draw graphs to describe the changes in

chromosomes, microtubules, centrosomes, and the nucleus in different phases.
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6. Cell Death (15%)
Apoptosis is a programmable cell death pathway. Please describe THREE

characteristics of apoptotic cells.

7. Eukaryotic Cell Evolution (15%)
Please describe what the "endosymbiotic theory" is and provide evidence to support

this theory.
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— ~ Conventionally, geographical isolation is considered to be essential for species
split. However, recent theoretical and impractical works suggest that geographic
isolation is not required for speciation; strong divergent ecological selection
could also promote speciation. Do you agree that divergent ecological selection
alone could lead to the birth of new species? If your answer is positive, please
explain how. Otherwise, what other process needs to be kicked in to promote

ecological speciation if your answer is negative? (20 points)

= ~ Tropical regions tend to have higher biodiversity than temperate regions
(latitudinal biodiversity gradient). Please consider some ecological and
evolutionary hypotheses to explain the latitudinal biodiversity gradient. Please

design the experiment to test any of the hypotheses you proposed. (20 points)

= ~ How do ecosystems self-regulated themselves? Please provide an example to

illustrate the self-regulation of ecosystems in nature. (20 points)

g ~ Demographic (ecological) and evolutionary processes are inseparable at the
population level. Please explain how ecological (such as competition) and
evolutionary (such as selection) processes could interplay to unify population

ecology and genetics. (20 points)

% ~ The ecological interactions between sympatric species might promote divergent
or convergence of their traits. Please provide examples of how ecological
interactions between two sympatric species would facilitate their traits'

divergence or convergence. (20 points)
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