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— ~ MicroRNA (miRNA) is a type of non-coding RNA that
regulates gene expression at the post-transcriptional level.
Please describe the biogenesis of miRNA and how it

regulates gene expression. (25 %)

— ~ Phosphorylation of the C-terminal domain (CTD) of RNA
polymerase II plays a crucial role in the transcription
process. Please explain the roles of RNA polymerase II
through phosphorylation at different stages of the

transcription process. (25 %)

= ~ The CRISPR/Cas9 system is an important genome-editing

technology developed in recent years. During this process,

the system utilizes double-strand break (DSB) DNA repair

pathways. Please explain the principles and mechanisms of
the DNA repair pathways involved. (25 %)

9 ~ Histone modification is one of the epigenetic mechanisms in
transcription regulation. Please list five types of histone
post-translational modifications and explain how these

modifications regulate transcription. (25 %)
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Please describe the morphology (5%) and three functions
(15%) of rough endoplasmic reticulum (rER) in a mammalian

cell.

Please describe the major types of cytoskeletons and their
functions. (30%)

What are the structural features of integrins (10%), and how is

integrin activity regulated? (10%)

Neutrophil extravasation from the bloodstream into inflamed
tissue is a crucial process in innate immunity. Please describe
the cascade of neutrophil extravasation (10%) and explain the
roles of cell adhesion molecules involved in this process.
(20%)
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(B LS )R LY e A TR R R4S R
BHE g ) £ 48 - (—)3F A B A nondisjunction B ¥
B EE (10 ) (=) Nondisjunction T & &%
B TR BAARGTE? (15 %)

= (8525 5 )FRAHERLEISESG (zine finger protein,
ZFP) ? (10 %) 3F 8 — 1530 A Jo{T 3€ A SLIB AT i 4T £
HY GoKFG-HRES DB KE~FK) SMEEXER -5

)

= wRRNBFAANEARNGERMETEEY LAELRE -
fReEHEA A CRISPR/Cas9 3% ZFP A Rk H 4 ?
FRHA 25 )

W~ (48525 5B T E R A8 44 R E (Quantitative
real-time PCR) Z ¥ A &9 T H#E&EM - (—)ERAFE T 2
485244 R B (Quantitative real-time PCR) B - (10
) (Z)FRAHE R Inc RNA- (5 ) (Z)ERMLFT
UAIA QRT-PCR #1454 % Inc RNA #h&iE8 2 (10

%)
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1. How can the population size of an organism be regulated by the density and

non-density-dependent factors and their interactions? (20 points)

2. Tropicalization is rapidly impacting subtropical regions such as Taiwan. Please
discuss how tropicalization would alter the community assemblage and interactions

between different species. (20 points)

3. Allo-parapatric speciation (two lineages were isolated in the early stage of their
divergence, but with gene flow in secondary contact in the later stage) had been
suggested as a powerful driver of speciation. Please discuss how the alternation of

allopatry and parapatry could facilitate the genesis of biodiversity. (20 points)

4. Anthropogenic changes have disturbed the natural habitat in various ways. Please
discuss how human-driven environmental changes could affect the sexual selection

and mating patterns of animals, which could lead to their extinction. (20 points)
5. Hybridization is usually considered to impact hybrids' fitness negatively. However,

hybridization might positively affect a population's fitness through introgression.

Please discuss how it could happen. (20 points)
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— (B2 PEDRFTEEEHRTERRALH > YEHARERL
“Experience-based” $#2 “Evidence-based” s $£3R,89 :
(—) 1738 “Experience-based Conservation” ? (5 %)
(=) 1738 “Evidence-based Conservation” ? (5 4-)
() FRAZ2RHENERHEEI TR BT 2 (10 5)

= BT FAORFTEDLOARER T > M2 2L (Phylogeography) ~ 4 4
W32 (Biogeography) A A MR FRMA R AM T 22 AN T2 8
B YRR ARE R E R 0 BB 43 Ryder (1986) 32
Evolutionary Significant Unit (ESU) + Moritz (1994) 32 # Management Unit
(MU) ~ Dodson % A (1998) Rl48 JE42 & Operational Conservation Unit (OCU) -
AR AR ESU~MU-~OCU #9232 At > B3RP HRIZ BN - RE
WFRREMPEZER - (30 %)

_
=~ (4

(5

(.__
(=

a2 20 %)
) #FF > 4738 “Post-glacial colonization” ? (7 %)
) BHRBAMRFTBEEY > FEAHEEN 1851 £hB 2k

(Lycaena dispar) #4744 F (Species Reintroduction) 45 4 #2 72 gk
MEy 5 £ 5 H =834  Lycaena dispar dispar (& A nH R » B,6,
48 ~ Lycaena dispar batavus (5 A %44 #) ~ Lycaena dispar rutilus (&
EAMAFTERAHR) NG RN ERARRAYEB AN ESRLZS
ey o Rk RBAKITH I Lycaena dispar batavus AT F 3¢
R ALRNERERALIFHIGRAENTINEF ML KB 3T
HP M 048 R BATRITIF IR 2 B A % (Lai & Pullin, 2004) 238,
BRI 3R BLILBR QAR R ME R BE R B B RK R B BRIEEE o

FR O R EEZAREN > HAARBARREOHBE T E 225
RELE) > BAHRBA/T? FRACAHRBEZRFT AN LAAMAE - (13
)
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W ERREFTAMRE RBAT R > ## natural population decline #43%
REMER - B3 B — 1R 7 R H1E B KB i ket EE %
HAE TR T AR BREL BELEHEY 415 @ B stz d
REHMT AR aie) 212 RIEWMEBERE > N AL A
o MARMEBER AT Z e o 3P 0 ko R R A A R AR T IEE —EiE
HETRE ARG B (reserve area) /& @ 4o /%42 ? F A MM 2R F A
F2EHH - (20 o)

B "HRAMBICBELOAE EAWEIRNBERROREEN G R F =
&% B F M (Cretaceous—Tertiary extinction) > 2 4 7 6600 ¥ 4 37 &) — &k A 38,
WNERBEN - B FrAGELREE - A4 - wEHED - L1428 - F 5
DEUARGEEDHEEERFH PERBRB - BEAFAIER G E T R L8
HFCRAMERGEL Y AL RENBREFERTEARE @
2] 6600 ¥ A7 0 MERHNBAMERIBIRT QBRI HBRFT 0o AR
BB IERBIREEME B EEREAS MG BRI AumEEE
IEhko S5 M BESRAE MALEFELE B - dosb B &R - 7
BRMENRET TS B ERR AL M MEE A RBEE RS 2 EILE
BT AHS?

HRLEEFWMATRCHEN SR TRt G B AT 2 B Mk EaE
®& 0 AR Z AR R ZayHu A o (10 o)
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— ~ (484 20 %) The significance of hypoxia in the tumor microenvironment has a

profound impact on tumor progression and therapy resistance. (1) Explain how
hypoxic conditions within the TME affect cellular metabolism, angiogenesis, and
the immune response. (10 %) (2) Discuss how these effects contribute to
challenges in cancer treatment, particularly in terms of resistance to

chemotherapy and immunotherapy.(10 %)

(484 20 %) Natural killer (NK) cells play a crucial role in tumor surveillance
and elimination. (1) How do NK cells recognize and destroy malignant cells, and
what mechanisms do tumors use to evade NK cell-mediated cytotoxicity? (10 4-)
(2) Discuss the balance between activating and inhibitory signals that regulate
NK cell activity in the context of cancer. (10 %)

(485 20 %) Indirect antigen presentation significantly contributes to tolerance
induction in transplantation. (1) What strategies are being explored to modulate
the indirect pathway of allorecognition to promote transplant tolerance? (10 4-)
(2) Analyze how targeting this pathway could potentially improve long-term

graft survival and reduce the need for immunosuppressive therapy. (10 %)

(482 20 %) Th17 cells are known to play a significant role in host defense
against extracellular pathogens. (1) What cytokines and signaling pathways are
involved in the differentiation of naive CD4+ T cells into Th17 cells? (10 %) (2)
Discuss the role of transcription factors such as RORyt and STAT3 in the
development and function of Th17 cells. (10 %)
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&~ (4% 20 %) Recent studies have identified the role of pattern recognition
receptors (PRRs) in the innate immune response to infection. (1) How does PRR
recognition of pathogen-associated molecular patterns (PAMPs) influence the
progression and resolution of infections? (10 %+) (2) Provide examples of how
pathogens evade PRR detection and discuss the implications for disease severity
and host defense. (10 %)
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