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1. Draw the molecular structure of the four bases in DNA
(adenine, thymine, guanine and cytosine) and the hydrogen
bonds between them when they pair in double helix. All the
elements, such as carbon (C) and hydrogen (H), have to be
shown. (20 4~)

2. List five types of nonprotein-coding RNAs and their main
functions. (10 4%)

3. How is the chromosome telomere maintained during DNA
replication? Please list the key players and their action steps.
(20 %7)

4. (445 20 4)

A. List 5 restriction sites and their responding enzyme
names from the following DNA sequence:
5’-AAGCTTGAATTCTGCAGGTACCCGGGATCC-3’. (10 %)
B. Describe the role of restriction digestion and other key
steps in gene cloning? (10 %)

5. Describe the mechanism of five methods for transferring
DNA into animal cells. (10 %)

6.  Compare the two DNA sequencing methods, pyrosequencing
(Roche) and ion torrent (Thermo Fisher). What are their

similarities and major differences? (20 %)
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(485 25 &%)

Dr. Yamanaka was awarded the Nobel Prize, along with Sir John Gurdon, for his
discovery that reprogrammed fibroblasts into induced pluripotent stem cells
(iPSCs). Which four genes were used, and what are the functions of the proteins
they encode?(16%) Please give at least two techniques that could be used to express
these genes in adult cells.(4%) What are the applications of iPSCs in medical

research?(5%)

(84 25 4)

G protein-coupled receptors (GPCRs) constitute a family of proteins that recognize
extracellular molecules and initiate intracellular signal cascades via interactions
with G proteins. What are the structural features of G proteins?(12%) How could
G proteins transduce signals to alter cellular behaviors?(8%) How to terminate the
signal transduction initiated by activated GPCRs?(5%)

(45 25 %)

Autophagy is a cellular process that promotes cell survival and homeostasis. Please
describe the definition and processes of autophagy.(4% and 12%) Please depict the
roles of autophagy under stress conditions.(5%) What methods can be used to

detect autophagy in cells?(4%)

(485 25 %)

Cells apply endocytosis to engulf the extracellular macromolecules. There are
different types of endocytosis. Please describe at least three different types of
endocytosis.(12%) What are the physical roles of endocytosis?(8%) What are the

applications of endocytosis inhibitors in biomedicine?(5%)
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=~ (8% 25 )M e % A 4L kanamycin B B 2 £ 47 8 T-DNA 47 & 3 A K
HWIEFAE HA
(—) sbRe& {474 Mendel’s principles ? (10 4)
(=) EBRTIF&RFH 94% #Ht kanamycin K EZ B E L 2 (5 )
(=) A T4 FA 4+ (homozygous) F4X 8 % A 5% % 44 Hu kanamycin % B
h £ 0 8P R4 kanamycin 2 7T 48R B 824 F 4] 2 (10 2)

= (B 25 )P FEMERSE > F
(=) defTR AHHARE (genome) ?(5 %)
(=) AL B XA L4 (endosymbiosis) M3 2 (5 )
(2) EBRARBEIEH T ABHETHTEBE 205 )
() ofTREASEHFEE LS ARNED T RAREBB T A P ?
(10 %)

m o HHEOEZERNE  AEEH AMMNARABEE L RALEEL

¥ > HAZEFA LK plant-, microbe- & insect cell-based bioreactors Z 4§ &2
o (25 9)
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Some species have flexible mating systems that can change due to ecological or
demographic factors. Discuss how environmental variability (like resource
distribution, predation risk, or population density) influences these shifts and

their evolutionary consequences. (20 4°)

Gene duplication, horizontal gene transfer, and structural variation play crucial
roles in genome evolution. Explain how these processes facilitate ecological
adaptation (e.g., stress tolerance or new resource use) and provide an example of

genomic changes linked to adaptive functions. (20 %)

Species coexistence in communities depends on stabilizing and equalizing
mechanisms. Discuss how niche differentiation and fitness equivalence promote
community stability, along with an example illustrating their role in maintaining
biodiversity. (20 %)

Closely related alpine species can overlap geographically yet remain distinct.
Explore how ecological divergence (differences in pollinators, microhabitats, or
soil preferences) and intrinsic factors (like genetic incompatibility or

reinforcement) uphold species boundaries. (20 %)

Historical biogeography interacts with ecological pressures to shape species'
morphology. Discuss how past geological or climatic events (such as glaciations,
land bridge formation) combined with ecological selection have influenced the

distribution and adaptations of a chosen taxonomic group. (20 %)
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— ~ (4% 25 %) Taiwan hosts many invasive species.
(1) Explain up to three common hypotheses that account for
invasion success. (15 %)
(2) Describe how these invasive species affect the

communities or ecosystems they invade. (10 %)

=~ (4% 25 %) Climate change occurs at a rapid pace in the
Anthropocene.
(1) How may climate change affect species, communities,
and ecosystems? (15 %)
(2) What are important conservation strategies under climate
change? (10 %)

= (8525 4)
(1) Why should we protect biodiversity at different levels
(e.g., from genes to habitats)? (15 4~)
(2) How will biodiversity at different levels affect
ecosystem functions? (10 4")

v~ (445 25 4) Citizen science has become a valuable tool in
conservation biology.
(1) What are its advantages and disadvantages? (15 %)

(2) List up to two examples of citizen science projects you
know. (10 4%)

A RAE4 )



HAEM NI FAFGLERBRAE 1

F8 R (2—7)
MEUAP X RBEIELT - 35 A%mEA -

— ~ (485 20 %) Dendritic cells are professional antigen presenting cells that bridge
the innate and adaptive immunity.
(1) Describe the process by which Dendritic cells activate T cells. (10 )
(2) Provide two surface markers that can be used to distinguish human immature
and mature dendritic cells, including their basic functions and how their

expression changes during maturation. (10 %)

= ~ (482 20 %) Major histocompatibility complex (MHC) plays a crucial role in antigen
presentation:
(1) Compare and describe the processes of antigen peptide loading and presentation
by MHC class I and MHC class 1I molecules to T cells. (10 24

(2) Explain MHC restriction and its relationship to tumor immune evasion. (10

)

= ~ Hypersensitivity reactions, classified into four types (I-1V), involve excessive

immune responses within the body. Please explain the mechanisms of these four
types. (20 %)

m ~ Intravenous Immunoglobulin (IVIG) has been using to treat various immunological

diseases. Please discuss the immunoregulatory effects of IVIG. (20 %)

2% ~ Please provide a conceptual experimental design to investigate how you would
determine which toll-like receptor and downstream signaling pathway is important
in the recognition of rhinoviruses by bronchial epithelial cells. Bronchial epithelial

cells can be of human or mouse origin and can be infected with rthinovirus. (20 4%
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