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1. Chiasmata 2. Locus 3. Epistasis

4. Pleiotropy 5. Genomic imprinting 6. Kinetochore

7. Quorum sensing 8. Single nucleotide 9. Apoptosis
polymorphism

10. Neural crest 11. Maternal effect gene  12. Anaphylactic shock

13. Chemiosmosis 14. Proto-oncogene 15. Opsonization

16. Archenteron 17. Bohr shift 18. Ribozyme

19. Morphogen 20. Synaptonemal Complex
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(—) #HPIEFEA & SUFR k% B2 (receptor) 4T 2 %8 2 (6 )
{38 Z 3L 7 (4 %) Herceptin{Trastuzumab) & Btk i 4y » £ &

4 B — R S8 B 2 (4 4) Herceptin #) 3 45 A #4247 2 (6 2)
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B2 & & vtz & A5 Bh 4885 (White & brown adipose tissues) © 3% #t L7 5 52
S~ AR~ e BAota e K NF > RALRAE ke £ R o
(5 )% & A5 da e & i Thermogenin A B - X B 2 & & & M 741
—BEY ? EERMBB BT 2S5 %)

(m) 3388 Dideoxynucleotide terminator sequencing (Sanger Sequencing) &4
BEE?(10 %)
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1. Biological membranes play various roles in living cells. Please list
and describe four different functions provided by biological

membranes in cells. (20%)

2. The Golgi complex (apparatus) consists of flattened, disc-like
cisternae with associated vesicles and tubules. Newly synthesized
proteins are sequentially modified and move from the cis cisternae
to the frans cisternae. Two contrasting models have been proposed
to explain the movement of modifying proteins through the Golgi
complex. Please compare the “vesicle transport model” and the

“cisternal maturation model” with figure illustration. (30%)

3. Various proteins'are imported or exported through nuclear pore
complexes for proper localization within the cell. The GTPase Ran
is required for both nuclear import and export. Please depict how
the Ran is involved in (A) nuclear import (15%) and (B) nuclear

export (15%) with figure illustrations.

4. Mitosis is one of the major stages of the cell division cycle, and
special features occur during mitosis. Please describe the interaction
among centromeres, kinetochores, and mitotic spindle in promoting
mitosis. (20%)
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(485 10 %) AR FEAE 49 8 ¢ =+ & ( photorespiration) > i 3R AR R T & L&
CHEE (S 5 )HMA) A AR B ST IR LB 28 0 LU4R 3 B4k B ey 4 ] o
(54)

(485 10 5 )AL K F (auxin) £ RS F @R T h i 4T 2 (5 5)
koI AR B BRI ? (S o)

(B IS )N AT Al W RBEAT R ER F TS T 0k

BR SR 3 5 (10 ) B3 HAE FHE R0 B 0 2o Bl B8 ko T84
AR ? (5 a)

v (485 15 o )RR B bt 848 ¥ 56 7 88 45 4 (photomorphogenesis ) #1 8F i% &.

& (shade avoidance response) 89 2 & ; (5 45 )R B AT FF 4o Bl B 2 64 5 F
#d 0 DGR A K o (10 5)

» (B85 15 o )R FTRAA 3% 3 4] 8 (Jasmonic acid) 4 & R 691848 o (5 )

b MR A R B M R DA e A B AR TR
(10 %)

v (485 15 5 )R B 4 (climacteric) 19k # 4 M (non-climacteric) 2T

MAER (59) BHMALATRE R FHRRT AR » 3 0 F M %
WG BRT O BEZS? (10 )

v (485 20 AT B8 R i# 35 (osmotic stress)?(5 2 M 44k F 6 b 4k 4

B DHRITFRIE? (S 0) W ER T AMBATEE Lot T o9 L4
Mo AfEz o (10 )
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Question 1. Using the constant pattern of results in the monohybrid crosses, Mendel
derived three postulates or principles of inheritance. Please explain the definitions of
Mendel’s first three postulates (15%)

A. Unit factors in pairs (5%); B. Dominance/ recessiveness (5%); C. Segregation (5%).

Question 2. Model’s fourth postulate: Independent assortment (20%)
Mendel crossed peas having yellow (G) and round (W)

P1cross P1cross
GGWW ggww GGww ggWw

(w), or yellow (G) and wrinkled (w) seeds with green ‘ *ﬁ < @ @ N 0

(g) and round (W) seeds. All the F1 plants had yellow
'—i o <_':r—|
<

seeds with peas having green (g) and wrinkled seeds

and round seeds. Diagram this cross through the F2
generation, using the Punnett table and calculate the

combined probabilities of each F2 phenotypes.

Question 3. Gene A encodes a transcription factor, which is responsible for
regulating expression of a purple color gene. Cells in purple flowers
accumulate purple pigments. Pea plants with white flowers do not

% accumulate purple pigments, even though they also carry an allele of
" Gene A. (30%)

Question 3-1. What are the differences between genes and alleles? (5%)
Question 3-2. Why does pea plant with white flowers do not accumulate purple

pigments, even though they also carry an allele of Gene A? (10%)

+WT Gene A

Gene gun was
used to blast gold
particles b
Containing pea
WT Gene A or
GFP
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Question 3-3. What is a gene gun? (5%)
Question 3-4. Why do you think that expression of Gene A appears as purple spots in
the leaves in the photo on the top? What does this mean? (10%)

Question 4: In plants, pattern formation has been extensively studied using flower
development in Arabidopsis thaliana. A cluster of a differentiated cells, call floral

meristem, give rise to flowers. Each flower consists of four organs, sepals, petals,

stamens, and carpels that develop from concentric rings of cells within the meristem.
(20%)
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stamens e
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Three classes of flora homeotic genes control the development of these organs.
Acting alone Class A specifies sepals. Class A and class B together specify petals.
Class B and Class C together control stamen formation. Class C acting alone specifies
carpel. Mutations in homeotic genes cause organs to form in abnormal locations. The

normal order of organs in a flower is sepals, petals, stamens, carpels.

Question 4-1: In this mutant (c), what could be the mutation that
causes that the order of organs becomes sepals, sepals, carpels and
carpels? (10%)

Question 4-2: This mutant plant (d) carries a mutation in the class C
homeotic gene. Please describe the order of organs of this flower

and explain the reason for what happens during flower formation.
(10%)
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Question 5. Beta-carotene in 150 grams of “Golden rice 2” can be efficiently
converted into vitamin A that is enough for daily
requirement of a 4-8 year-old child. The golden
rice was made by introducing one gene from
maize and one gene from bacteria. The resulting

plant produced rice grans that were a yellow color

due to the presence of beta-carotene. (15%)

Question 5-1: Is the golden rice a “transgenic” or “cisgenic” gene modified (GM)
crop? Why? (5%)

Question 5-2: Most GM plants have been created using one of the two approaches:
biolistic method or Agrobacterium tumefaciens-mediated transformation technology.
Please explain and compare the biolistic method or Agrobacterium tumefaciens-

mediated transformation. (10%)
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— (8 20 ) LS T3 A e S 9148 5 & 2 M H 69 B AR

(—) A4n ~ 478 F & £ © B i Goldman-Hodgkin-Katz g Efx H 42 X, » AR H
RAFERNIBAC@PEENHEZR L - (65)

(=) BiFmp i LA MEFEE G NIIRE » Wl 3l A Ll RIB AL a f 2
TR EZRE?24 )

(=) #& Goldman-Hodgkin-Katz B & 4 42 X, > A2FE L il F 38 72 % 4m 0 B2 8 i 49
ERRF T ATH 0 HIRR B T R 8 1F E 4 (action potential) ¥t 3% 45 14
% {3 (postsynaptic potential) < (2 %)

(W) AE@RR L TR FEE QN oA IEE M RiE4sE
£ ? (4 %)

() I BRI EMARB R EMG LA e RGNS HMER > B
BF AL £ R ATEE T TELHHOMV @ BEL T L 0mVe (4 )

(B IS ) EMAREAE > 99X T A PR :
(—) FH AR ARB P 69 RSB taB-Rod cells ¥ 5 ) 3k RIE » 3 LA ok A 5] i 47 28
Sensory transduction ° (6 %)
(=) ARFEAT 3R Bk % 40 i, 89 Receptive field > 3t tb #2448 8% & Rod cells #2 Ganglion
cells & Receptive field 45 £ %] - (4 &)
(=) # AR 48 + Rod cells $#2 Ganglion cells f] 49 48 492538 4 > 3t LA s A2 52 Rod
cells #2 Ganglion cells #) Receptive field 43 #L £ 5] = (5 %)

=~ (#8415 ) A bl s 4 F (Hemoglobin)# % O, sh e » WA F |48 -
(—) #b ik fn 4z & $1 O & 48 dissociation curve ° (4 %)
(D) Wit EEBE OB M A - 4 5)
(=) & £ 47 3F Bohreffect > it 44 il 2 ¥ 42 %-O, dissociation curve #4552 - (4 4)
(m) Bb Lt F &EAE B R E) - 4£ H 81 O, &Y dissociation curve $25: 5% & 41 %
Ped o A AR HHILEMHBAEFR O AERESR - 3 )

(#TFR)
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% (10 o)
()R- BERERA (D)EEARABARERA C)BEEHFEY  (w)FH4
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(B 12 )5 T K Mt 8 X8R
(—) A& #4735 absorptive stage $ post-absorptive stage ° (4 )
(=) B i post-absorptive stage » 4 ft ¥ X B4 ~ PSAih £ BRBRE - (4 )
(=) 391 absorptive stage » X T F# ) H R BREEHAL - (4 )

~ (487

0 28 o) RIS TF SR BT AR - B R SR R AT A R LR B e 0 P
5

(—) 4 3L F AR B3 5 28 P 60 AR 30 A 3% B 1R 8 H o faT $EF 5ik 9 30 8 o (7 )
(=) whHE #H-—EFTRABAN—BBAIL S0ml 804 30 484 > B2
DIRATT AT E RE R RATEGE R EM U E— ML EL TS

RSN BAXEBARBEEBEY AL E KT
SR UE £ R ? (7 5) Emade

(=) F% D BMAE > B &R REK ™ E A KRR > sbeE 8 e TRt
TEERRENRBRBGERGER - RAUAESTRSEEAL LFACREE H
RRF)E — X RABFEL— B c AP XREIEZLYT « (745)
interstitial osmolarity ~ countercurrent multiplier system ~ collecting duct Loop
of Henle ~ vasopressin -

(va) 43t Loop of Henle - & 4 8 4n i )T A ~ 435 $17) A4S 20 » 36 Bk i3 b

PR mig )RR~ M IE I ) AR 45 ko 1T B BH U AR countercurrent
multiplier system = (7 4-)
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— ~ #mfie 5 (Cell therapy) & — 18 #7 8 69 B & 847 » RRARIAL 107 £5H 4%
TR MBS S BT A E NG R BB REIEST  F4GER R
VE B JJE /6 6 da B 76 R A AT R B R AF 2L » (20 &)

= BRBEaRERRYBRTTARC AR B RELRBEA HILREY
H o %A% A REJE 4 B M HUR (tumor specific antigen) o I3 b > i ib g s R
PHR GRS &I b B Pl BRI e fEAT R R R HI A K - A it
FEPT AR B RETE AR B IR m BB IEF] F o B R AR fe B A BE 4,
B A AR A - (20 &)

=~ Bk HECGRERR B S R 6 R I HE 71 0956 I K ek A IR 2 (10 5)

w9~ REJE 88 %5 (Metastasis) e AviR BEH LT — B EZ R R o KBS ta o
(Circulating tumor cell/CTC)*[ /£ 2 & ik P/EZR » BB BB EE ¢ 18
AHEOEBRET -  REREE B T EBB T wMAE 220 45)

&~ (485 20 p)RBR(Dormancy) & & JE i & 8 — 1B 45 B M 5% 0 BB dm B 4B 0k B o
BEFEHERTIRA — e a o BT 4L 71 o SARKE B A7 BB @ R AR
(Cancer Dormancy) ? (10 5 ) R RBRAK S B R BT & itk > AHAE ?
(10 %)

N~ FEM S A # % fi(inducible pluripotent stem cells/iPSCs) & & 4 8 £ A7 15 4
FEITE EREREAOREMATER LR Z T E %008
(teratoma) &) & 4 ~ RARRBEF T % 4ot io S 2w A5 25 4 e 48 %) R 7T 45
FRRE Tk o (10 %)
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II.

J1L,

IV.

1) Natural selection (5%)

2) Sex selection (5%)

3) Demographic stochasticity (5%)
4) Ecosystem function (5%)

5) Thermoregulation (5%)

6) Allelopathy (5%)

Please use scientific figures to illustrate the following ecological theories. The key
concepts of each theory should be summarized. The researchers who proposed the
theories should be identified. Note: the x- and y-axis of each figure should be labelled.
(16%)

1) Competitive exclusion principle (8%)

2) Intermediate disturbance hypothesis (8%)

Global change is an ongoing challenge for modern ecologists. Understanding how
various organisms respond to global is an urgent task to develop effective strategies for
conservation. An ecologist would like to examine whether global change alters species
interactions in Taiwanese ecosystems. Please propose a research project to address the
question. (34%)

1) Please identify two native species that may interact with each other in local
ecosystems in Taiwan. (5%)

2) What is the nature of such interaction? Please explain this type of species
interaction. (5%)

3) How would you expect the relationship between these two species may be
altered by global change? Please state your hypotheses and specify the
variables. (8%)

4) What is your experimental design? (12%)

5) Please make graphs to illustrate your predictions. (4%)

Please apply the rules of community assembly to design a project to restore a lowland
forest (400-800 m above sea level) that was destroyed by a recent typhoon near the
Fushan area in Ilan (& #§ %3 .1 #. & ). The forest is categorized as a broad-leaved

evergreen forest. (20%)
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— BAEDSZHEMRFT AT REE RS LAY IME S
HMGAELEIEF ER o E 7% &Y species inventory T
1§ % 568 B % - 3 F] species inventory & 354+ B ? B 4o
B EL ? (20 )

= SHHE-HMERTH AR DE T 0 E A LR
Birgh BRI AEAR WA AMIER £ 8 ATE
WE X REA LA A E R eE > BIWE 2R ER
B2 ANESHBTHRALEBEECLER 2?20 H)

= HEHEDETRFTERE > T EEALAGREARE LR
) K-selection 2, R-selection +45 €& » $MEETHER
RWER > BRAKA T HERROWENRFTEES
TARE ? (20 %)

W SRABREDRAECRBEEANRT LY EEME -
RNRELEYMBBANGHEREWERN ) ERHER
RFETHRERBRLE? AREFEHER SRR EFETEH
TR RAPIRERE ? 25 &R B F ik R RS
FAMHEBEEEAMEROBE? (20 %)

& ~ MacArthur & Wilson # 1963 42 31 44 Equilibrium Theory
of Island Biogeography # A% A MR HT A M2 R IiRH
ERIFETEETER FABL—BE AR AAEH
REEDZRFECRIETEELTER 2020 45)
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1. Describe the functions of the following replication components and intermediates in
eukaryotes: DNA polymerase III, helicase, single-stranded binding proteins, Okazaki

fragments, and primase. (20%)

2. What is the transposon? List differences between the cut-and-paste mechanism of

transposition and the replicative mechanism of transposition. (20%)

3. Describe the regulation of E. coli trp operon. How would attenuation in the E. coli
trp operon change when a culture is shifted from a rich medium to one that is deficient
in tryptophan? (20%)

4. The CRISPR-Cas system is an adaptive immunity in bacteria and archaea against
bacteriophages and plasmids. The mode of action consists of three steps: acquisition,
expression and interference. Explain the mechanism and applications of CRISPR-Cas
system. (20%)

5. Define the following terms: (20%)
a. Internal ribosome entry site (IRES)-mediated translation
b. Histone deacetylase
c. Alternative RNA splicing
d. Promoter

e. Heterochromatin
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(B 20 MR EAZSABEEBRIANRRRAOG TR > AmEREHES 0 &

R TRALENPRERE  —ERRRBTHERAARAE > F
T 7] %k b OB BALR BT AT A R 045 2R A S0(B- 5 o) > b E B4k
(S a)

(— )4t R %= i (Dendritic cells)

()T taje

(Z)B e

(85 20 )8 %% & (immunotherapy) & 3T 445 %, 7% 25t 72 sk R & F 1B R

T Im G LR RS T (— )3 RS R R A TR AT 2 (10 o)
(Z)EFRETE 09 % 9% bm B 06 e 30 - b A AR IS B BL31 3 F 0 35 P Sk 4 BB IG i 84
FERBEGBAM? FHE BT REEY AR et hEEEE AR
HI/EEIE - (10 )

(4% 20 2) COVID-19 #9725 B Ak 3 4958 R B M A AIEFME > R B Y RE

AAR EEFEEG XA A RFERFHR 0 XA mRNA & % 5 XA KR %

ZHBEABFTREBREBERFIE  HFREBZHERFEE R LR REGLE

RTmlp) A R REFZIRE  FH

(HIFEFREIER LRE RS AR 7 (10 )

(=)COVID-19 & 3B E R F 2 m 5 @ FP A —BILA RS 2 g B AT sh a2 Jups
xZnpfa(gclass) K AF—H? RFRUYFREFPBE PR EE ARG
B2 — A E ? BT B R X R E A B A S %E 2(104%)

(a5 20%) BEZABRBATREANLERY  LTHG LR - FHH) !
(—)BE S A BAERGE N T AEENLE AT BB £ A M 7 (10 5)
(D)BE A RN BEEEN TN RR PR AD B EAMT 710 4)

% 7% 4m BB A R ] 4k B8 T (R 7& 1k naive or resting - j&4t activated)# % R B H £ &
R [B) Z %m 4%, 35 & 4 (metabolic signature) » 3588 — & %% e e B 5 F R A L R
Bl EALAK & T » H A& & RagAR B R BEIL - (20 %)

(AR B 48 1))
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