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DEAR PARTICIPANTS,

Please write your student code in the given box.

AR AR TR AR R Y B A A

Write down your answers using a pen in the Answer Sheet. Only answers given in the Answer Sheet will be
evaluated .

MR TERERTETRA L, AGESRNENERASFHT D -
Part B consists of 50 questions:
¢ Q51-Q60: Cell Biology
e Q61-Q68: Plant Anatomy and Physiology
Q69-Q80: Animal Anatomy and Physiology
Q81-Q83: Ethology
Q84-Q93: Genetics and Evolution
Q94-Q98: Ecology
Q99-Q100: Biosystematics

For each True/False multiple choice question, indicate in the Answer Sheet if each of the four statements is
True or False. Mark “\” for True and False statements in the Answer Sheet. If you need to change an
answer, you should strikethrough the wrong answer and write in the new one.

BREERE T 28 IEHE/SE AR ITH, B ZRACE, 72 lRE U DU THRGE IR s ax .
DL 7R AR R IEME MSEERMBURIERL - HIRHEEERER, REZGHENE R e ad, 2%
BEEWHER.
Scoring for one question:
BRI )7
o If all four answers are correct, you will receive 1 point.
VOE % 5 B BT, 151 7>
e [f only three answers are correct, you will receive 0.6 point.
A FIERE, QI3 0.6 7
e If only two answers are correct, you will receive 0.2 point.
o AEWEE R IR, Q15 0.2 77
e If only one answer is correct, you will not receive any points (0).
G AH B RIERE, RA/RT

You can use the ruler and the calculator provided.

PRAT LA B 4 ) B R et B
Stop answering and put down your pen immediately when the bell rings at the end of the exam. Enclose the
Answer Sheet and Question Paper in the provided envelope.

HAAETR, SRR, FILEE LRI SRR R UES TR S R

Good luck!!!
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Q.51

A scientist has prepared 3 essential components for high-throughput screens of protein kinase inhibitors. First,
individual protein kinase genes are fused to the major capsid (head) gene of T7 phage. When expressed in
bacteria, the fusion proteins are assembled into the phage capsid, with the kinases displayed on the outer
surface. Second, an analog of ATP, which can bind to the ATP-binding pocket of the kinases, is attached to
magnetic beads. Third, a bank of test compounds is prepared.

A AL BHE S M 3 A E AT SR 1 PO AR A v R AL ZH R . G, R R O A B R R
BT 70 1 0 ) 2 ZE AP B D] o B AR A T TP A Iy, R L A R A A8 ) it 5 B 1 A 2 0 W T
HhRE KRR N R B A BRI . B, ATPRY), HnTBLER LB ATPAS S AR5, UL
AW@M%%@%%%LO%:,%ﬁﬁ%@ﬁm%ﬁ%A%o

E l‘; a test compound
magnetic beads with ATP analog i

O‘O \? assay phage bound to beads
ﬁ % s

T7 phage with capsid kinase fusion \ plaque assay
Figure Q.51 Screening potential inhibitors of protein kinases

To measure the ability of a test compound to bind a kinase, phage displaying a specific kinase is mixed with the
magnetic beads in several wells of a 96-well plate. Then the test compound is added to individual wells over a
range of different concentrations. The mixtures are incubated with gentle shaking for 1 hour at 25°C, the beads
are pulled to the bottom with a strong magnet, and all the free (unbound) components are washed away. Finally,
the remaining, attached phage are dissociated from the beads using an excess of the same ATP analog that is
attached to the beads, and counted by measuring the number of plaques they form on a bacterial lawn on a Petri
dish (Fig.Q.51).

& T AR SV S IR I RE J1, R TH S BURS RE B 0 W TR B AE 896 7L AR UK i 1 i B 465 4T ATP
SR IRIR 5 o IRIORFAS RN EE M A AL S 035 IS I 2 2 B A b o A AE25°CIRLEE M IR AE

INIRE s SRR TR CASE ST RESBPLAE AR A ECHS , Wi RAS S ML S YIE BERE bR . BAR, P IR B Bl DAE
EIATPE B IR T ok, W yRIEHH50E Le 0 B 5 B BE £E & B 335 3 1L _E BT TR 1 1) 335 11 B (plaque) 5 H
(Fig.Q.51) .
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Indicate in the Answer Sheet if each of the following statements is True or False.

Al AEEHE LS FFIRON T A1 34 ROE A H B

A. When the binding process reaches equilibrium, all potential inhibitor molecules will be bound to the
kinase.

A ORI RNy, A T RE AR ) Tk B A

B. Test compounds that show high inhibition in this assay must bind the ATP-binding cleft of the kinase.
A E B B B s B8 0 AR AL S0 8 FE S A R IR I ATPRS A48 1

C. Small differences in evolutionary conserved ATP binding sites on kinases allow targeting specific kinases.
FEGE B R OR ST TR ATPAS AR UM R, R RAM mT DL S — PR AR L 3 5 2 A e

D. A strongly binding test compound will yield a low count in the plaque assay.

—ERFRIE SRS & 158, i AL ROV T R H b
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Q.52

You identified a gene in fission yeast, homologous to a telomerase subunit from a protozoan. You then make a
targeted deletion of one copy of the gene in a diploid strain of the yeast and then induce sporulation to produce
haploid organisms. All four spores germinate perfectly, and you are able to grow colonies on nutrient agar
plates. Every 3 days, you re-streak colonies onto fresh plates. After four such serial transfers, the descendants of
two of the original four spores grow poorly, if at all. You take cells from the 3-, 6-, and 9-day master plates,
prepare DNA from them, and cleave the samples at a chromosomal site about 35 nucleotides away from the
start of the telomere repeats. You separate the fragments by gel electrophoresis, and hybridize them to a
radioactive telomere-specific probe (dark bands) (Fig.Q.52). Assume that generation time is 6 hours.

VRAE S5 9 B B 43 ) — {18 B i A= By s Ao i O B 57 L TR R O S D) . R4, URLE I BRI 1 — A5
PRAORERZ IR ) — (S5 AL L D S B, MBS A IR, DL B Btk Pra DUl 7 B A e
Hk, HAE R R R b R s V8 o UREE3 R F TR v R G B R . AOHAADUIK, A {1 A A
FIBAIRERAR . RHEEE3-, 6-, MIORKIER T MBH, eI A m#S R MDNA, I Gt th Bl i b
AP A BIAR BR A 3SR F IR LASN AL EL VD 1 2k, A8 B AT TPk o B e B A DUBUR PR R 3%
EROE SR 8 — MRS N AT FE S OV B IR A) o (Fig.Q.52) o[BG A AUy [H] (generation) 246 /N

Figure Q.52 Analysis of telomeres from descendants of four fission-yeast spores (S1-S4) at different days (t). WT is the
normal diploid yeast
i Q.52 AN[FI R (t)#C PUME LTI BT (S1-S4) Hysmbi /37 o
W2 I A B RE B

Indicate in the Answer Sheet if each of the following statements is True or False
A PEZ R A PN R 91 & RUA £ H Bl
A. The average length of telomere in fission yeast is 300 nucleotides.
ST P BF B AL )1 2R B 24300 8 nucleotides .
B. Spores 2 and 4 appear to lack telomerase.
T2 R4 - 2D o I o
C. Fission yeast telomeres lose less than 20 nucleotides per replication.
SRR IR B A PR SR A R S 5 R/ N R 20 B AL IR
D. The fission yeasts that lose their telomeres will have normal cell size.

R v PR B GELRE BEATS BAT I H AT R
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Q.53

Reoxygenation after a period of lack of oxygen causes cardiomyocyte damage. One of the most

important indices evaluating myocardial functions is mitochondrial membrane potential, which is labelled by a
cell permeant dye (positively-charged, red color in the attached figure) readily accumulating in active
mitochondria due to their relative negative charge.

The figure below illustrates hypoxia/reoxygenation (HR)-treated single myocyte model (1) with or without pre-
hypoxic treatment of drug A. Myocyte images were captured at time points (a, b, c).

B — B 2 IR B A e S i O NUE S . — R O LT RE B B B B 48 2 b AR B IR = AT
18 A F — FHAN BB IR gkl (AR IEBAf 1, R E PR P AL () & 7E A v R A7 b 205 DR AR S e 7
B R

T I&E fros AR AR A (HRD EHEA B —JIAT AR (1) KeliR&KEY AT A THEE . ILAT I [E 15
R RFE B, Ca, by )

M
[ D ] [0 Brug A
1004~ Bl LowO2

273 [ Normal O2
o c
3 g —HR
c g 504 M= DrugA
% R c pretreatment

a b
A A A
0 5 10 15 20 25
Time (min)

No translation found

Indicate in the Answer Sheet if each of the following statements is True or False.

A LR R AR AEON T T % A0 A4 LB

A. As seen in Fig.Q.53.(2)a, cardiomyocytes are a type of striated muscle cells.
WITEFig.Q.53.(2)a, AT & 215 o L2 — FE AR AUVLAR ..
B. Hypoxia leads to a drop in pH in the matrix.
SRR B B pHAEL IR R B
C. Drug A pretreatment is good for cell because it prevents the collapse of mitochondrial membrane potential
in HR.
LY A TR P A I B2, TR 2% 6 AT DA LE AR HR RS K SR 6 158 76 07 ) i B
D. Captured images in drug A pretreatment group are presented in (2) and captured images in HR treatment
without pretreatment of drug A are presented in (3).
TEEEVIATR R BRAR SO IR 1R (2) P, TR ZEY) A TR B IO HR B Bmsl UG 2 SU 8 2 AL
(3) .
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Q.54

Antifreeze glycoproteins (AFGPs) possess the ability to inhibit the formation of ice and are therefore essential
to the survival of many marine teleost fishes that routinely encounter sub-zero temperatures. A typical AFGP
consists of repeating tripeptide units, the alanyl-threonyl-alanyl (Ala-Thr-Ala)n unit connected to a disaccharide
through a glycosidic bond at the second hydroxyl group of the threonine residue. To identify chemical groups
which affect antifreeze activities of this glycoprotein, scientists synthesized numerous AFGP analogues by
modifying both the structure of the sugar moieties and the peptide by replacing three groups R1, R2, R3 as
shown in Fig.Q.54 with different chemical groups and recorded the antifreeze activity.

PRI & H(AFGPs) BAMGHIVKIE e J7, RIS 2 Wi O R A2 A B 2 0 = RS IR
AR EE., MAKAFGPY B (Ala-Thr-Ala)4H i ¥ tripeptide 5 48 B A7 N [ threonine [t OH 2% Bil &
PEAS HH BE T SR T A Rl . 2 RER 2 %00 B 1 I DU E PR A2 R [, BHER R G A 2 AFGPARAN
Yy, NGAEHHEEERE En DA, DA R 40 22 2L B HUACR 1, R2 X R3UWFig.Q.54 Fi7w, Rtk H g
P

10 R,
O O
H H
N N
N
H
O n=8-15

Figure Q.54 The structure of a typical AFGP

AZIE T IASE RIS TR

R, R» R; Antifr eeze activity

HO CH; Galactosyl No
N-Acetyl CHj; Galactosyl Yes
N-Acetyl H Galactosyl No
N-Acetyl CH; H Yes
O-Acetyl O-Acetyl H No
N-Acetyl CH; Galactosyl-Galactosyl No

Indicate in the Answer Sheet if each of the following statements is True or False.
Al PEZ A TN T 51 % R0 2 FL B .
A. A disaccharide bound to the threonine residue is required for antifreeze activity.
— {1 b B R 2 2 ( threonine) FR S8 & & PR TG T AT A 75
B. A mutant that has threonine residues replaced with serine residues generally reduces antifeeze activities.
F serine i 3 iR HU A threonine [ 58 5% 18 ¥ &5 PR L E) e
C. N-acetyl group at the C-2 position is required for antifreeze activity.
N- L AL C-2407 B FUE PE T o
D. Different numbers of repetitive motifs in AFGP genes amongst closely related species might have been
caused by DNA polymerase inaccuracy.

FEE VA B B b L AFGPR N S AE PP A BOH (AN A, RTBE A2 [AIDNA T Bl AN E B P IE Al o
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Q.55

F1 subunit (a peripheral membrane protein) of the ATP synthase catalyses ATP synthesis using proton motive
force responsible for the rotation of FO subunit (integral membrane protein complex) in one direction. F1 is
composed of three alpha and three beta subunits arranged in alternating manner around a central

shaft, the gamma subunit.

To study the rotation, Masasuke Yoshida and his team attached a fluorescently labelled actin filament

to gamma and watched its movement.

ATPE R EIF (LT (— A S R e R A E 8 ) B e BB F 8 T UMECATP & . FriH = 1o
Je AR BT LAAZ B 5 ATy Ik B e R R sl HE S . A T RZ eSS B, Masasuke Yoshidal® [5#F
s CARECI ILER EE Ak By Ik BE o AH 2 T A LIS B R

__—fluorophore
e BB~ ctin filament

\-chamber

Figure Q.55A Attachment of labelled actin filament to ATP synthase.
HRARTE Z WIBI R AR BIATP & Bl L

Rotating actin filaments were observed by an inverted fluorescence microscope after addition of 2 mM ATP
into a chamber containing actin-tagged F; complex immobilized on the bottom side as a mirror image formed
on a camera. The time interval between images was 220 ms. A series of 12 images were taken and is shown in
Fig. Q.55.

VBN B AR E B F 1 B [ 225 1 s R () B RF B 5 B 52 B A5 S A% DA S AR I N 2 22 BE T ATPAR 1)
JRERH 155 TV R AE 48] 37 28 G BRI

o B AR RIRR I 252200, Fig. Q.55. 1 B — R A125R 5445

Figure Q.55B Sequential images of a rotating actin filament attached to the subunit in the F1 complex. The numbers
indicate the shot images.
Figure Q.55B [il/~— RAIMIENE A4 FIE SR IEEEE, B AR AR
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Indicate in the Answer Sheet if each of the following statements is True or False.
AR AEE A RN T A1 & ROA 2 LB
A. Hydrolysis of ATP by F; leads to the conformational change of a and b subunits.
F B S ATP/K fift i il a b X BT i B i) 584K

B. From the set of figures, the filament rotated anticlockwise (looking from the cytosolic side).

H fi R AR AR VLB B 1 SR At R 817 T (R I ()

C. Rotary rate is below 0.3 rounds per second.
TR R AR A0 38

D. Rotating the actin filament in the opposite direction is coupled with ATP synthesis.
JLE . I AR AEAR S 7 Rl B 7 BLATP & RS &
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Q.56

Lactic fermented vegetables are traditional food in many Asian cuisines. Microorganisms commonly found in
the fermentation broth are lactic acid bacteria, yeast and filamentous fungi.

Fig.Q.56 below shows the flowchart of viable cell counts (log CFU/mL) of three different microbial groups and
the pH value during the lactic fermentation course of cabbage. Oxygen dissolved in fermentation broth
decreased with time and was completely consumed after the 22" day

FLER P SRS R 2 RN S . 7RSI IS BB Y R LR AN 1, BEREAN

[ Q.56 FF 7 H B i 7L R SR B A Hh = e AN ] B Bl A= P 7 PR B (log CFU/mL) B pH B 5840 AR [ o
TE SRR T B 2R S B RE IR H] R B, 7R 2822 K48 58 A o FE

pH
9.0 6.0
~ 8.0 ,/.’ ..............................
e / Lactic acid bacteria - 5.5
S 7.0
@
%D 6.0 5-0
Z 50
§ 4.5
S 40
8
2 3.0 4.0
=
~ 20
35
1.0
3.0

3 6 10 14 18 22 26 32 46

Fermentation time (days)

Figure Q.56 Changes in microflora during lactic acid fermentation of cabbage.
BT BR TR b Uk P B S

Indicate in the Answer Sheet if each of the following statements is True or False.
A PEZ R A TN T 51 2% R0d 2 HL B

A. The drop in pH value from day 1 to day 3 was caused by only organic acids produced exclusively by
lactic acid bacteria.

1R B3 RpHAA [ T 2 LR el 7 2 (1A MR T i 1

B. Lactic acid produced by lactic acid bacteria favours the growth of yeast cells from day 10 till day 26.
LR P 2 2B B FLIRR A A R B BRI ML AE 28 10K BB 26 R AE K

C. Yeast cells shifted from fermentation to aerobic respiration after day 22.
e B 400 A 555 22 R A% P 2 P i AT A AU P
D. Some filamentous fungi showed tolerance to low pH.

A7 LA IR R SR pHAE AT i 52 1%
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Q.57

Microorganisms that live at high salt concentration (above 2 M of NaCl) are exposed to media with low water
activity, and must have mechanisms to avoid water loss by osmosis. Analyses of intracellular ionic
concentration of Halobacteriales living in salt lakes show that these microorganisms maintain extremely high
salt (KCl) concentration inside their cells. The presence of high intracellular salt concentration requires special
adaptations of the proteins and other macromolecules of the cells.

AAEFERE (2 M NaClPA b)) FAEY) 2 ER R BAKIE A IR T, DR b e A — Se i) DLkE
GuEIZIE A I 38 BOK AO4E R o ST 365 A 3 15 BET N 1) g B T (Halobacteriales )& i P Bt 35 B2 1) 70 7 S
N, B SR AE R AN R AR R (B o MR R B AR T RS B AR A
L DAY e R ) SRS

Indicate in the Answer Sheet if each of the following statements is True or False
A TEZ R TN T 51 % R0A 2 H B

A. Most intracellular proteins of Halobacteriales contain a large excess of charged amino acids on their outer
surface.

I B 7% (Halobacteriales) H) K & 70 Il P4 £ 9 ) 3R TR &5 AT KR & AT o
B. Halobacteriales spend a lot of ATPs to maintain osmotic pressure.
W& i 17 (Halobacteriales) i #& K 5 ATP H DAAERF H 2 178 BR
C. Most intracellular enzymes of Halobacteriales lose their catalytic activity when suspended in solutions

containing less than 1 M NaCl.
' Vg i 14 (Halobacteriales) B8V 12 /N~ 1M NaCl ¥ VRRs i I K 22 & ok 25 LA sk

D. In Halobacteriales, amino acids can be imported through Na*/amino acids antiporters.
{EE B ¥ (Halobacteriales), [EcHERR T LA F I S i 1/ flic B R 106 1) #0386 2 1 (Na+/amino acids
antiporters ) {4 g A 18 1%
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Q.58

Influenza A genome consists of 8 separate single stranded RNA molecules, which encode a total of 11 viral

proteins. Influenza A viruses are categorized by their two surface antigens, the hemagglutinin (H), of which

there are 18 different subtypes (H1-18); and neuraminidase (N), of which there are 11 different subtypes (N1-

11) (Fig.Q.58A). The influenza A virus life cycle is presented in Fig. Q.58B.

ARL YRR PR AH e 8E R S ) BELSERNA 7Y 1, LTSS 1 1 EE 8 . ARLURURG 75 ] 455 L (181 < T

PURAIN L8R MR (HD , A18MAF Ml (H1-18) &S IREE (N , A7 LR AR o 4
(N1-11)  (Fig.Q.58A) . ARG 85 1AL V5 1 IR A 18 Q.58B

A B

Lipid envelope derived from host cell

Recepior containing
/-J-E.E-E.ﬂ-. or a-25-5A

M

T

Figure Q.58 Influenza A virus: (A) virus structure and (B) virus life cycle
AL R (A) TR ERASIS. 12 (B)

Indicate in the Answer Sheet if each of the following statements is True or False.
AR AR RN T B 2% R0 2 HL R
A. Influenza A viruses exhibit rapid evolutionary dynamics because the genome is segmented.
ATV TE, TR A B 73 B R R AR T 52 B0 pRodk Je AL Bl ) 5
B. In theory, there are 88 types of influenza A viruses.
B G b AT U BE AT 88 AR AT
C. Influenza A viruses exhibit high mutation rates because the genome is single strand RNA.
ARSI 7 DA 3 DR AH AH RS A BRI LA 1y 7 S
D. Influenza A virion can infect the cells only if RNA-dependent RNA polymerase is present.
ARG B ) H G H A RNA-dependent RNAZE & Ji ) 4 iy
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Q.59

Phosphorylation is a major post-translational modification widely used in the regulation of many cellular
processes. A method to determine the phosphorylation status of proteins is to run an electrophoresis in a
modified gel with a chemical group containing metal ions (M) that can reversibly bind phosphates and thus
affects migration of phosphorylated proteins.

IR AL e — A AR A O, B R 2 MM AR R R . i R 1 B R AL ARG ) — Ay
e U — R R B AT VK, BT SRR T (M) KSR, e DA BB R B A
HE T R SR R B E T VKB I B B

Polyacrylamide gel

Figure Q.59.A Phospho-tag polyacrylamide gel
P R 2L I polyacrylamide gel

This technique was used to study the phosphorylation of protein p35. Three mutant forms of this protein were
generated: a serine to alanine substitution in position 8 (S8A); a threonine to alanine substitution in position 138
(T138A) and both amino acid substitutions (2A). Note that serine and threonine can be phosphorylated while
alanine cannot. Then two yeast strains with normal (wt) or inactive cyclin-dependent kinase 5 (Cdk5) (kn) were
transformed with either the wild type version of p35 gene (wt) or one of the three mutant forms. Cell lysate of
the eight resulting strains was loaded on a Phospho-tag gel. The proteins from the gel were transferred by
western-blot to a membrane that was treated with anti-p35 antibodies. The result is shown below.

I8 FE BT W AR A p35S iR B BRI . #Z 85 I 1 = FE R
i1 & 8 serine®¥ i alanine (S8A) ;17 & 138Hthreonine# fitalanine (T138A) ;[AFRFfA DA I — i {5
(2A),

5 B B ) & serine flthreonine BE 4§ i R AL, ,  Malanine NEERE BE IR AL, . IR AR RF A AR, —FfE IE
iy DI RE I cyclin-dependent kinase 5(Cdk5) , 73— RIf(kn), A EF A8 1p358iAE— R 8Ep3555 | B85 N iE
TRRRERREE . AT SRR R, IS SR B K ) A R S DA IR PP R L R MEAT FR VK, F DA
HEp3 S KP4 I 1T western-blot 73 M. &5 H 401 N R .

Figure Q.59.B Immunoblotting with anti-p35. The arrow indicates the direction of migration p35 bands are named M1, M2,
L1, L2, L3, and L4. L4 band corresponds to the completely non-phosphorylated form of p35
PAFp3SHIPTREIEAT S H B S i, WiEETR R SIS T 1A,
#p35MAELIMT, M2, L1, L2, L3, Al L4dn ¥4 7r, HhL42 5 4 A iR iIp35
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Indicate in the Answer Sheet if each of following statements is True or False
FEERG AR NI ROR Y, Bish
A. Protein p35 has only two phosphorylation sites: serine 8 and threonine 138.
p3SEAHNAE MEBERRILAIE . serine 8 Al threonine 138
B. Protein p35 can be phosphorylated by a protein kinase different from CdkS5.
p3545 A AT LA CdkS LA Bl I Tl it 2 R 1
C. In strain Cdk5-wt p35-S8A only a few p35 molecules are phosphorylated at T138.
FECAKSZEF AR, MMip35/ESSARI R, WA A Ep3SETI38 M AL E B RAL -

D. Phosphate groups attached to S8 are more accessible to phosphate binding groups of the Phospho-tag gel
than phosphate groups attached to T138.

FRAE SSI MR AL LU AL T 1 38 1 Tl IR 2k B 5 2 W U IR 22 1) e Uk B AT
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Q.60

Polarity, charge and molecular weight of molecules can affect their rate of passive diffusion through
membranes. Amino acids and drugs like aspirin differ in both efficiency and location of absorption. In the
figure below the chemical structure the pKa values of aspirin and arginine are represented.

— oy Bk, R A S A B R A I R R I RN ) By DT AR P i
R AAL B EHARANF] o £ [l o 52 350 AK) o el 34 UG PR AR fig R R AL S A A AT pK a i

2.18
o\ /o
i
C—H

9.04
HN

+

| .
(|3:NH2 12.48
NH,

dirin Faf Hr LK Arginine & &Rz
Figure Q.60

Indicate in the Answer Sheet if each of following statements is True or False.
FEEFG LRI IO S RuR ¥, B
A. Aspirin diffuses through membranes mainly in the stomach because more aspirin molecules are in
deprotonated form at pH of about 1.6 in the stomach.
e 17 DT PR S ke a6 AR B o, PR TE 1 R AY L6 pHAR & sk 2 1 BT i UC AR 7 7 LA S T E
AFAE
B. Based on molecular weight, one would expect Aspirin to diffuse more easily through membrane than
Arginine
PAor 7 A A Ry, & YRR UL AR RS R B 25 ) 1 3t i
C. Optimal pH range for Arginine absorption by passive diffusion is between 2.18 and 9.04.
UL Bl 557 O AT TR ) e (e p HLAEE L A 172 2. 18 8119.04 2 ]
D. Omeprazole, a proton pump inhibitor, blocks the entry of Aspirin into the blood in the initial few minutes
after oral administration.

B E RN, Omeprazole, 7 1 AREAT 7 DT R4 $5 4385 DA BEL BT BT 407 DT AR IE N I8
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Q.61

To study the effects of cadmium (Cd) on root development, two experiments on maize seedlings with 6-cm-
long root were conducted. First, seedlings were grown either in media supplemented with 5 uM Cd (Cd5) or
without Cd (Cd0). Second, seedlings were grown either in two layers of agar without Cd (Cd0-Cd0) or
unilaterally to 100 uM Cd (Cd0—Cd100). Four days later, root growth was recorded (Figur e Q.61-1) and cross-
sections of roots were stained to visualize suberin lamellae in endodermis (Figur e Q.61-2, sections correspond
to cut sites from Figur e Q.61-1).

RO FUER(CAEHMR A 35 B I8, DUEARIR 6 om HITOKA R ARMEAT DL N W B . 56, R4l R
FEARINS uM Cd (Cd5) BARBINCA (CAO)IFEE s Hk, 4l RLE 3 J8 AR 7 11(CdO-CdO) i1 A 2 Bk 28 Jg
#N100 pM Cd(CdO-Cd100). PYRAR, FCERARES I AERARIICAIE Q.61-1), LUAGRHARASHIEIY) A fetts
DL 52 N K2 (A AR AL A P s (nfEl Q.61-2, 1) Fy o7 B Bl Q.61-111 88 B for B AH &)

A B
base 3 CdO Cd5

2100 —

= 1 |1
4 cdo cdo
1 U A or
4 Cd100

50 ——

Al

base ##CA0-CdO Cd0-Cd100
100 —— .. Il D

50 —

_ Y F

NG/
apex iy
Figure Q.61-1. Distance from root apex to root base as obtained from experiments 1 (A) and 2 (B). The regions of

mature endodermis in the ro_ots are shown as solid and dashed lines.
[ Q.61-1. MR ZEARIEH I EEBE 2 EE1 (A) LER2 (B) FrfF &, [ B AR SR AR AR A R I B AL

Distance from root tip (%) FEFR4

N NN/

apex Uity

Distance from root tip (mm) FEARS A EE#E

Figure Q.61-2. Cross sections at position marked in Figure Q.61-1. White arrows indicate suberin lamellae in the
endodermis.

i Q.61-2. FE[HQ.61-1H RSB DIV Fr o A ELETSRTE N B R Bk BE R
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Indicate in the Answer sheet if each of the following statements is True or False.
FEERA L, ST T AROA 1A B %
A. The treatment of Cd resulted in the reduction of elongation zone of the root, leading to decreased root
length.
8 DR B I R A AE R AR AR, SR R LD
B. Endodermal cells with suberin lamellae were already present at a distance of approximately 0.5 cm from
the root apex in tissues adjacent to agar containing Cd100, however, suberinized cells were found much
further from the apex on the other side.
FIEREREARRAY 0.5 em iz HEHEEH CA100H B B — (2 sk b, 953 BRI I TN K 4
F s SRTITAE IR A i ) 55— R AR BIEAR AR B0 3 i A S B A R AL RO AT
C. In roots exposed unilaterally to Cd (Cd0—Cd100), the development of the endodermis was accelerated and
asymmetrical.
FEAE R B 3R (CAO-CA100) AR, N B2 [0 5% B & g fe i H 2 BB 1
D. In high Cd containing media, suberin lamellae in endodermal cells were not present in older parts of the
root likely due to the restriction of Cd in younger part.
FESA EIREHRAEE b, AN AR BENG IR A HH BAERCE AR B, 1 mT RE i Al 2 S AR
5 8 Iy R AE A B AR 740
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Q.62

To understand the effect of desiccation on herbaceous plants and their responses, scientists conducted a study
on three Ranunculus species in their natural habitats, including R. bulbosus in dry meadow, R. lanuginosus in
humid meadow, and R. acris in both habitats. They measured leaf water potential and hydraulic conductance of
these species in response to dehydration (Fig.Q62). Xylem staining experiment on R. acris in dry habitat was
used to estimate loss of conductivity due to embolism. An estimated 50% loss of xylem hydraulic

conductivity occurred at -2 MPa or less owing to embolism. Previously, leaf hydraulic vulnerability studies
found 50% reduction in leaf hydraulic conductance between — 1 and — 1.8 MPa in perennial grasses and at — 1.8
MPa in woody plant species.

T RN EAREN N E AV RE, SEERECMEREEY, WAEREFETER, 0
FEA AL R IR, bulbosus « VB IR FIR. lanuginosus UL [FIIRFEIE IR AR IR, acris. b
i HH TS Le )RR B BE K B8 KoK o i S BSR4, R T RIS SRR B R SO ([ElQ62). I PAFE R I
BRAGHIR. acris TARE ARG OSE R, Al 5 K vz 5 SO AR AR F T e R K 7 i B b9 s SRAe A T 3 A
KRB KT IE R 50%IRE, KES 22 MPasi /b . JEii s 3E K 2 ERE A ET, &2H%
REFEDI K S B PR S0% I, /KEATE— 1 MPafll — 1.8 MPaZ [#] 5 T ARAFEYFELAR % — 1.8 MPa.
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Figure Q.62 Leaf hydaulic conductance (Lhc) of Ranunculus species/populations in response to dehydration. Solid and
dashed vertical lines indicate, respectively, fi}ted 50% and 88% leaf hydraulic conductance losses.
Q.62 E & ) fE B A 0 5 S HH R BE 7K 7 BinE S Ak (Lhe), 466 1) BEAR B AR 73 7l 2550% 12 88% 17K 73 i B 5 5k L
i

Indicate in the Answer sheet if each of the following statements is True or False.
FEZSRAR L, SRR T BIRGE 1E i BsE R
A. All species were very vulnerable to water stress. In species with narrow ecological amplitude, the
drought-exposed R. bulbosus was less vulnerable to desiccation than the humid habitat R. lanuginosus.
i SRR AR I AR M g . B AR R R R R M S, AR R P IR, bulbosus LEAEVRIE
ERIEIIR. lanuginosus 87 555 A 1 g 55
B. Herbaceous species would be more vulnerable to water stress than woody species and perennial grasses,
but also would show interspecific and intraspecific adjustments in hydraulic vulnerability based on the
water availability of their respective habitats.
TAE K P EE, AR AR A B2 A R B AR AF EMa S5, SR8 H A ] B )
TN K> 5 52 HERERE, RIS H e SRR 22 7K 73 22 55 AR o 6 1ed Js
C. The leaf hydraulics method employs hydraulic conductance including both xylary and extraxylary
pathways.
BE Py AR F R ER B AL R LA S A A K 7 i 5L A A E AT K 7y
D. The effect of drought in these plant species is found to be a loss of leaf hydraulic conductance at moderate
water potential based on extraxylary pathways rather than embolism formation.
o R Y S B B K I S R R AR A K ST, #E AR B USRI AE, A
Fe R R H A R A
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Q.63

A protein can be integrated into a membrane through a polypeptide sequence or via a lipid anchor. The
attachment of eukaryotic proteins to the outer leaflet of the plasma membrane occurs only via
Glycosylphosphatidylinositol (GPI) anchors. The biosynthesis of GPI glycolipid is a multistep process relies on
many proteins, including GPI transamidase. In Arabidopsis plants, AtGPI8 gene encodes the enzyme GPI
transamidase. To study the role of this gene in plant development, scientists constructed a mutant (atgpi8-1)
plant line. They observed phenotypes of both wild type (WT) and mutant plants.

o RIS B 2 kR ) B E IR R B AR I AR . B AR ) R 1 A AR A g ) A 0 A
Fe# HH Glycosylphosphatidylinositol (GPI)E 828 58 .. GPI glycolipid (¥ lE¥H) 1A= po2 — I ZH K8 2 A
HARETHZ DR, HAHEH5GPI transamidase (B EHT). (EFTHATFEE A, AtGPIS LK & &
#43% H GPI transamidase, ZHF 7SI KRG DA M, 2E AR — R (atgpi8-1),
AR B A e SR TR PR R B Y

Figure Q.63.1 Cotyledonous epidermis of wild type (A) and atgpi8-1 (B) plants.
Q.63.1 HAERI(A) J atgpi8-1 SRR (B)I) THEEK K

Figure Q.63.2 Growth phenotypes of wild type and atgpi8-1 plants. (A) Seedlings, (B) cotyledons and (C) first two leaves of
seedlings. (D) 30-day-old and (E) 60-day-old plants. F- G: Inflorescences.
@ Q.63.2 B A M & SRR AR R R IR . (A) 2l (B) T3 &(C) gt R I A BT (D) 30 R KHIMERK & (E)
60K KIHERK: . F- G: 1EFF
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Figure Q.63.3 Morphometric analysis of wildtype (gray bars) and atgpi8-1 (white bars) seedlings and mature plants. All
differences are statistically significant.
Measurements for D-H were carried out at full maturation at 60 days for wildtype and 90 days for mutants.
[#Q.63.3 B A MY (K th ELf) SR ﬁllt (E OB N SMERR R RERIE b . PITh 272 S Hiat BB
D-H A3 2 Y 58 4 IGO0 R R 1 B A 2 J2 90 R K FESA MY R

Indicate in the Answer sheet if each of the following statements is True or False.
FEZSRAR L, RERAT SIRGR 1E A B R
A. The early post germination growth of cotyledons and first two leaves are not affected by the mutation.

However, root growth, hypocotyl elongation and stomata differentiation are strongly affected by the
mutation.

TEE Rl N BT AE R AR T A RN RS, AAMARE AR T IR R PR AL
RS BT & 52 21 R B U 5 2

B. The data suggest that GPI anchoring promotes the growth of leaves in vegetative plants; however, it
inhibits axillary shoot formation.

BUERURGPLE 8] (e i & #e p IREAR 0 6 2B =, PR ITT B 4 ) FE Al

C. The atgpi8-1 mutation leads to reduced internode and pedicel elongation. However, the height of atgpi8-1
plants is only moderately reduced likely because the number of internodes is increased.

atgpi8-1 FEEE LS AR S AEWIIE R, R i AR v FUL 42 LE Bl I o, T i DAL 28 B ] P B
ER Yl
D. The results indicate that AtGPI8 gene promotes early transition to flowering, but inhibits fruit production.

AR BUR AtGPISKEE A vl (iR E 4R LI AAEH], (H ] R T A 2k
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Q.64

Photosynthesis of submerged aquatic plants is severely impeded by many environment factors. In seawater and
freshwater, light density and its spectrum is changed with depth in the water column and thus influence
photosynthesis. Other factors affecting photosynthesis include level of carbon dioxide (CO,) and oxygen (O5).
UKL BB DG E AT F B B 52 2 2 B R 7 BHABE . (MK S oK, S6oRBE R OB IHR & KK
RIS, w2 arEH, AN ER 711G CO L0, H .

Swamp Raspwort (Meionectes brownie) is a wetland plant species but can grow as a submerged aquatic plant in
freshwater. An experiment was conducted to study the photosynthesis of the aquatic vegetation. Diurnal
fluctuations in surface irradiance, partial pressure of O,, CO, concentration and pH of the water in Swamp

Raspwort-rich ponds are shown in Figur e Q.64.

Swamp Raspwort (Meionectes brownie)rt — & HIAE Y, (HATEBRIKPIUKAER . PR ST T K4
S EAEH, £ W Swamp Raspwort FIIH3EF, HR/KIH BRI FCIRIEENE L . 0,70 . CO,
e JE SOK i pHAR 2 S0 1 Q.64 i
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Figure Q.64 [#Q.64

25/62



Indicate in the Answer sheet if each of the following statements is True or False.
AR L, ST T AIRGE IR B %
A. In the underwater of ponds, light limitation appears early in the morning and co-limitation of both light
and CO, takes place early in the afternoon.
FEMSERIAROKER , FR & HIEZOGHIIRE], 1T 4RI AR 2 0% K COL I R |
B. The decrease in level of O, in water column during the night is caused by the Swamp Raspwort
respiration.
e b, KPREEE TN, 2K &Swamp Raspwort 1 AT FH AT id ik
C. In water column of ponds, CO, molecules are directly produced by respiration of Swamp Raspwort and
by conversion from HCO™5 at pH neutral results in increasing CO, level.
FEMIEKH, CO, 73 1] B 4% H Swamp Raspwort I RFIAE I E AR, th ] 78 Hh P RR R E R FHHC O
3 BRI 2, ORI CO, & E G N
D. As indicated in the figure, temperature variation in ponds rich Swamp Raspwort is from 13 to 20°C. The
alteration in temperature is mainly maintained by high density of this plant species.
M SR, fER M Swamp Raspwort It ,  FREZEAEIE 13 - 20°C, i RE Y o 88 2 2R SE bl
VIR I v o R R AT

26/62



Q.65

Nitrogen assimilation plays an important role in plant metabolism as well as in plant cell development. Plant
cells can acquire inorganic nitrogen in the form of ammonium (NH4 ") and nitrate (NO5"). When entering the
plant cells through membrane-bound nitrate transporter (NRT), NO3™ can be reduced to NO, by nitrate
reductase (NR) and subsequently to NH4" and amino acids (AA). In addition, NO,™ can be converted into nitric
oxide (NO), then forming S—nitrosoglutathione (GSNO) by reaction with glutathione (GSH), and finally into
oxidized glutathione (GSSG) and NH, " under catalysis of S-nitrosoglutathione reductase 1 (GSNOR1)
RHIFEAE FIAEAE AN DL A 52 b B s B A . AR i m WA ) Je e 2 2 o 2 8
(NH,4 )&ﬁﬁ@ﬁz%ﬁ(NO3 )o (EAS IR E AR IRAS B 7~ (NRT)ME NS IAN O FRy, AR 1R o 1 PRI i BF(NR)
B IR A i R BI(NOy ), SRR MK Py I R B S A TR (AA) . AL, i IR i v e AL 25— L R
(NO), %A% Hdglutathione (GSH)/ J& 1] /& il S-nitrosoglutathione (GSNO), #¢4% 1L S-nitrosoglutathione
reductase 1 (GSNORD) AT, F 2 AL & ¥ glutathione (GSSG) B §% B

—> NH4++»AA

Chloroplast 3 &k fll } \

L-arginine and F% IR &
other sources J Al 3 Y&
GSNOR1

NO2" > NO+GSH - » GSNO — > GSSG + NHg™*

% e_‘}'w Cytosol #H 2 & j
- N
E &
2 2 ——— inhibiting #1141
o.

Figure Q.65 A schematic model for the control of nitrogen assimilation in plants through NO signalling

Q.65 Y, A& A LRIWAEEHE, RN R Z 2 e .

Indicate in the Answer sheet if each of the following statements is True or False.
R L, ST T AROGE IR B X
A. In the nitrogen metabolism process of the plant cells, NO is one of the products but plays a role signaling
regulation of NH4" formation and NO5™ assimilation.

AN ZACEE IR T, — SRR — ), ELAE S 6 S B TP Bl B IR W [ AL 1R
RERSRE 7 R EHIWSY S Ui R

B. NH; " level in chloroplasts of plant cells is controlled by activity of GSNO.
TR AR, BEARAS b B 8% B 5 B %2 B GSNOYE 1 142 il

C. Reduction of NO,™ ions mainly occur in cytosol

i T R ) 2 e A A A
D. NO feedback regulates flux through nitrate assimilation pathway and controls its bioavailability by
modulating its own metabolism.
tr;}’fﬂ%ﬁ@ T PR B [ A Y e A58 A0 e ) B e o, S0 3 ol 0 6 JHL AR 5 R A AR A il ' 1 A
A
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Q.66

A study on the effects of lead (Pb), a toxic heavy metal, on growth and photosynthesis of two microalgae,
Chlorella and Scenedesmus was conducted. The figure on the left below shows the growth of these

strains responded differently to lead concentration after 4 day treatment. From growth rate (Ke), generation
time (G) of each strain at each concentration of lead can be calculated as equation: G= (In2)/Ke. The right hand
Figur e Q.66 is result of the effect of lead on photosynthesis of these strains, indicated by Fv/Fm, a sensitive
parameter that decreases when photosynthesis is impaired. The concentration of lead that gives half-maximal
response, the ICs, can be estimated based on response versus lead concentration plots.

W74 H5 E 48 S5 (Pb)Y] i {5 (Chlorella and Scenedesmus) I AE R A EIEA MR %, AT

[#Q.66 B, FEVIREEI AR, MR AL R IPER B SRR SEANE . B8 RAEAN R SR
BET A RER(Ke)y HACREFI(G), ATHILAN A G : G=(In2)/Ke. £ FIE Q.66 & Hit3H} t i i 4k
ROGEEHRRE, LIFv/Fm £oR; Fv/FmZEBURRI S, EvaFHI 2488, Fv/FmiU(E R &
T FEe ICsoR AN B EUR K SR HIS0% ISR E, 1 P AR 48 S i S HEE e J82 AR Bl 2 it 5
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Figure Q.66

Indicate in the Answer sheet if each of the following statements is True or False.
FEE AL, AW T AIROA IERE B X
A. Estimated IC5 of growth for the Scenedesmus was higher than that for the Chlorella.
Scenedesmus 41 1C5y ttChlorella # 7=

B. Photosynthetic impairment by Pb was likely responsible for the growth decrease in the Chlorella but this
was not the scenario in the Scenedesmus

St B 6B 4R S T RE A2 1 B (E Chlorella 24 R FEIR R, (B {EScenedesmus RIIAS & IL1K TE
C. The estimated ICs for effects on Fy/F,, was higher than that for growth in Scenedesmus
TEScenedesmus 1, FLEEHF/F,, BBICE TR 1Cso IR L2 EH A RV ICs) ¥ &
D. At lead concentration that Log;o([Pb]+1) is 0.5, the Scenedesmus reproduced faster than the Chlorella did.
B A Logo([Pb]+1) 4 0.5 I, Scenedesmus )£ 5ii# K 8 Chlorella 1R
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Q.67

Scientists constructed gibberellic acid (GA)-deficient and GA-insensitive transgenic lines of poplar plants.
They measured concentration of phytohormones, including GA1 and GA4 and [AA, in the leaves and roots of
transgenic and wildtype plants (Table Q.67). They also measured the growth of plants in greenhouse and in
vitro conditions (Figur e Q.67).

BHE WS QR ok R B H 3 A BURH EAZ IS L A AR, At A 70 el PR SR A R R PR IR BE 1 B
MREBAE = YRR, (BFEGAL. GA4 K 1AA), #FWE Q.67. AhfIth il &M 7EH = Kk
B RERZERNEE, WE Q.67HR.

Table Q.67 Phytohormone concentrations (ng/g dry weight) in leaves and roots of the wild type and the two transgenic types
R Q.67. HEIE R BLET A= R ik OB AR S 2 M 2 R E (ng/g dry weight)

Organ Plant types GAl GA4 IAA
Leaf Wild-type 58.1+ 154 6.64 £3.18 225+3.1
Leaf ;{;&deﬁmm 19.9 & 9 4%+ 5.53 +2.33* 21.1£59

GA-insensitive

Leaf

139.6 £ 21.9%*

12.2 + 3.6%*

19.6 £ 3.7

AU
Root Wild-type 77.1+29.3 2.24+£0.74 61.4+4.1
Root GA-deficient 48.8 +£ 9.6%* 1.15+0.62%* 72.9+£5.2%
Root GA-insensitive 97.7+31.5%* 3.93 £ 0.68** 69.1 £9.7*

* and ** indicate significant differences compared to wild-type at 0.05 and 0.01 levels by Student T-test.
* Jor o AHE e, BREPAETAREE, HIEAT T-test M EUHE £50.05 £ 0.01.
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Fig.Q.67 A-D: Root and shoot biomass under greenhouse conditions. Top panel shows the fresh biomass of shoots and
roots in GA-deficient (A) and GA-insensitive (B) transgenics. Bottom is the shoot/root ratio in GA-deficient (C) and GA-
insensitive (D) transgenics. * and ** indicate significant differences.

@ Q.67 A-D: 7Eif =AML B2 Y. FPBBURTEGA-BE (A)BLGA- AN UK (B HFE M PR I S BUAR 2 S 8. 0 I 4%

GA-61 2k (C)BEGA- AU (D ) AE PR AR LA, * ™ o BRI E R

E-J: Root development in GA-deficient and GA-insensitive transgenic lines grown in vitro. LR - Lateral root; PR - Primary
root. * and ** indicate significant differences compared to wild-type plants (WT).
E-J: GA-@%%(A)EQGA-K&@(B)%%#E%E%itﬁﬁtljiifﬁﬁitﬁ*ﬁ%ﬁ LR - flfR; PR - EMR. * &= LB A R(WT)H
PRAHE RS T2 5L

Indicate in the Answer sheet if each of the following statements is True or False.
FEZSRAR L, RERA T SIAGR 1E B R
A. Greenhouse-grown dwarf plants of both transgenic types display a significant reduction in aerial biomass
and an increase in belowground biomass, leading to a significant reduction in the shoot-to-root ratio
relative to the wild-type control.
i 2 R ) A A S R AR AR AR SR IR L M AR AR R R B, A T AR R IR, HEL
wﬁmﬁm%ﬁ UHRHIRAH A IHERZ T %

B. The most severely dwarfed plants have more, as well as longer, lateral roots than the wild-type control.

FHBCH B A R A, fi il B A R R AL PR A 8 2 HLBR R SR

C. The degree of dwarfism in both GA-insensitive and GA-deficient lines is positively correlated with the
extent of primary and lateral root formation and elongation.
FEGA-NEUBERGA- SRR AR R, R RE 81 HL MR K SORRIT BB S = AR B2 22 3 I A
D. In poplar plants, gibberellins negatively affect lateral root formation, and there may be an interaction
between gibberellins and auxin that regulates lateral root formation.

fEEN T, 5 RRESORMIEECHE Gl E, Hib B RBEY AR 2 W B2 AR ] 38 8 SRR
RITE 1k
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Q.68

Scientists grew cucumber plants in different nutrient conditions to obtain either super ovary or normal ovary
types. They labelled flowers when they emerged and observed the development of flowers. Based on the color
and shape, corolla development was divided into four consecutive stages: green bud (G), green-yellow bud
(GY), yellow bud (Y), and flowering (F). They also measured plant growth regulator concentrations in different
flower developmental stages.

PG o AR EAE AN R R4~ DEAS BALF i BE s B 7 s AR, BTeRs, RIIE/ER
AL, MRBIEE AR 65 45 & M 2 7 VU AR P B AR A 16 2R (G) BARBAE S (GY). FH L
(V) S BAAE(F) . Al AR AE AL 5% & HIAS RS BT BOREA A 58 60 B R
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Fig.Q.68 A-D: Morphological characterization of the normal ovary and super ovary types. E-J: Concentration of cytokinins
(IPA, ZR, DHZR), gibberellins (GA3, GA4) and auxin (IAA) in different flower developmental stages. In super ovary type,
two sub-stages were included. ** indicates statistically significant differences within one developmental stage.

il Q.68 A-D: IEW b5 5 bAL T 5 HITERERE. E-J: 1655 F XA FRRSBC R AR (IPA, ZR, DHZR), % H 3 (GA3, GA4)

FAEMAERE (IAA) ZIRE. £ EA TR, SN EmERiER. “FonER — S EREBRPHBREIEZR.

Indicate in the Answer sheet if each of the following statements is True or False.
FEESRAR L, SRR T BIRGE 1E i BEE R
A. The corolla progression between stages was much delayed in the super ovary

FE_EALT P HIAET, RS2 E RS B AL H i R A5 TP th 1R W U

B. The ovary at anthesis was on average much longer in the super ovary than the normal ovary, while at the
same time courses after labelling, fruit length was not different between two types.
TEREBARE, P S, EALT MR T R Rab i H R 1 RRARRCR KA RARDL, WAL R
R R 7 5%

C. Gibberellins were increased in the super ovary during the early stages of corolla development, which
corresponds to the enlarged corolla size.

fE_EALT B, TER SR B YIRS HR BT, BRI R S A
D. Cytokinins appear to be the primary regulator for the time of flower opening in cucumber, whereas auxin
is probably involved in the size control of corolla and fruit.

s JNBHTERE, AN > 22 EEGRET D 7, AR A R R AT REA 2 BRZ I T SR 2T (1R
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Q.69

Figur e Q.69 shows the regulation of HCI secretion in the parietal cell of the stomach.
Figure Q.6987 H HS BEAH i 73 WAHCI 5
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Figure Q.69

Drugs 1,2,3#14 inhibit gastric acid secretion differently in vivo via one of the four pathways: inactivating the
H'/K"ATPase, blocking the Histamine 2 receptor, blocking Gastrin receptor, and blocking Acetylcholine (Ach)
receptor.

ZEENTL 20 3AN 4% H i DL T DU A RS 2 —7E RS N H0 ] B B A 70 © H+/K+ATPaselif i) 25 % 16 .
A4k % 2 2 #8(Histamine 2 receptor) I FHET . Bz 288 HE . CBEMERS (Ach) 52 1 BHET

A set of experiments were conducted to determine in which pathway these drugs inhibit gastric acid secretion.
Parietal cells were isolated and cultured in different media. Each medium contained one of the four drugs. Each
drug-containing medium was added with one of three compounds (Histamine, Gastrin, Ach). The HCI secretion
of parietal cells in the cultures was determined. The following table shows the results of the experiments.
AT — A B B AR 2 15 S gE Y0 ) B R 2 WA A A . o Bl B BEAR MG RS AR AN A s e e h, R
HASIEEN T —, FESENNRBEEDT M= tey EM%. BIER. CEEm 2
—.o MlEEE BEA R HC . N REBUNE R4S R

(= No HCl secretion, +: HCI secretion, ?: not shown).

(— & HCI 5330, +: HHCI 43, 2. RFUR).

No drug Drug 1 Drug 2 Drug 3 Drug 4
No addition B - - B B
AN
Histamine added
: 2 2 ? 9 —
Tin&H &% iz
Gastrin added
o 2 2 ? + 2
=R
Ach added
A + - ? ? -
I 2T B i
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Indicate in the Answer sheet if each of the following statements is True or False.
HEE R EIRIE NS RBOEZ IEHE B SRR
A. HCI was secreted by the parietal cells cultured in the medium containing Drug 1 and Histamine.
HCIRT B35 251 1 ANAH A I 2 55 5 2 1) BE A0 ok
B. Drug 2 blocked Gastrin receptors.
464 2 [HLET E W2 521
C. Drug 3 blocked Histamine 2 receptors.
25 3 PHEr s A 2 288
D. The parietal cells cultured in the medium containing Drug 4 and Ach had lower levels of intracellular K™
than the cells cultured in the medium containing only Ach.

PURRHII KT IR L, 5 580 4 B 2T i - 5 e 5% e M) BE A R 14 5 IR i s e B e
Ak
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Q.70

The glycoprotein 4-1BB is a receptor that is highly expressed on the surface of active T-cells. The 4-1BB ligand
(4-1BBL) is a molecule that binds to and activates 4-1BB. It is found strongly expressed on antigen-presenting
cells. Bidirectional signals of 4-1BB and 4-1BBL interaction increase the activity of white blood cells and
increase the production and secretion of cytokines, such as MCP-1 which promotes the infiltration of
leukocytes (Figur e Q.70). Currently, many studies have shown a relationship between the signaling pathways
via 4-1BB/4-1BBL interaction and several human diseases, including those related to metabolism.

M £ 1 4-1 BB 272G A0 IO TAR i 2 1 v BE R B 328, 4-1BBRC#E(4-1BBL) I 2 REAY 5 1135 1k 4-1BBI¥I 73
T, FRhfEDL R R IAR MR T = B R . 4-1BBAI4-1BBLAS B AT FH IRy AR 8 [ SIS B SRR 1 I 3RV

Ve, 63 INAN MO R (UIMCP-1) [ 2 AR5, MCP- 1 {2 3 [ BRI 1 R 7 (1#1Q.70).  H A,
?%ﬁ%4—1BB/4-1BBLiE1’Eﬂ% P AH S I i BRI 2 o B B E P s — S AR A B e
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Figure Q.70

Indicate in the Answer sheet if each of the following statements is True or False.
PR % LI N B ROE 2 1ERE B SR
A. Inhibition of 4-1BB expression diminishes the development of atherosclerosis.
i 4- 1BB A 3 ] /D B ik s IR A £ P 2% A2
B. Activation of 4-1BB limits the effect of autoimmune diseases on the body.
4-1BBRYIH AL REFR 1l B #S So 2o 3 B R 5 2
C. All three kinds of cells, macrophages, dendritic cells and natural killer cells strongly express 4-1BBL.
EMRAN A 854 A A B AR AT A 2076 4-1BBLAY KR R
D. Blocking the 4-1BB and 4-1BBL interaction increases graft tolerance.
BELET4- 1BBAN4-1BBLIK AR FL AT F AT LASE IS8 R A 1A i 52 1%
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Q.71

The action potential of cardiac muscle cells differs from that of other cells such as skeletal muscle cells and
neurons. Figur e Q.71 displays the different phases of action potential in cardiac muscle cells.
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Figure Q.71

Indicate in the Answer sheet if each of the following statements is True or False.
R RG LA SRR IERE B SRR

A. A substance that inhibits the reuptake of Ca®" into the sarcoplasmic reticulum increases the time interval
from 3 to 4.

A USRS PR N Ca? IO R, VT S50 [ 53 34 11 5 ] i

B. The concentration of K* in the sarcoplasm at position 2 is higher than that at position 3.
FEAL B 2B USRI K U FE R A B3 b A 1

C. Injection of adrenaline decreases the time interval from 1 to 5.
VRS B L iR AT A 1 215 PR R e ] 8% 2>

D. The height of action potential (from 1 to 2) is decreased when the sarcoplasmic level of Na™ is higher than
the normal level.

B R N e I H R AL R, DR FE AL (D 1 202) i e e A1
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Q.72

Parathyroid hormone (PTH) plays an important role in the regulation of plasma calcium and phosphate levels.
Figure Q.72 shows the changes in levels of PTH, Ca®*, and phosphate (Pi) in plasma of mice injected with a
specific inhibitor of PTH secretion.

) PR B 3R (PTH) 65 T4 v 5% BB IR AL 110 5 B A8 . (] Q. 7258 7= /) B S — Al ) PSR MR 3R 2 Wil ) 3
— MM, AEHPTH, Ca? FIBERRIR (P AISEL.
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Figure Q.72

Indicate in the Answer sheet if each of the following statements is True or False.
FE% 51 LI NI B ROA 2 IERE B SR
A. If Line I shows the level of PTH, then Line II and Line III would likely be showing the levels of Pi and
Ca*", respectively.
40 Line T R/RPTHIIE . HlLine ITAILine M4} AR K PIAICa> (1 YR
B. PTH knock-out mice would have higher Pi levels in their urine compared with the wild type mice on the
same diet.

B R AR [F) & 1 B A AL/ BRAR B, PTHZE [R5 5k P /0N BRE JR VPR PR S P e v

C. Eating a calcium-rich diet decreases the plasma level of vitamin D (active form) in healthy people.
e e 85 ) BICR e PR Ad e N I3 rh 4 A2 D (TE AL ) ) I 2

D. People with calcium-sensing receptor suppression have higher levels of plasma Ca** compared with
healthy people on the same diet.

BT AR AR I R AR L, 57 U BB B 2, LS o Ca (VR R
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Q.73

The following table describes the rate of blood flow to different parts of the body including
brain, skin, intestines, and cardiac muscle at rest and during strenuous exercise.

NRE SR F A ARG RO B LA PR S B 3 5l O ] Y I

Rate of blood flow IfILifii# % /cm3/min
Part of the body £ fili#si7

At rest fk During exercise )ik
I 250 1200
II 500 500
III 500 1000
v 2500 90

Indicate in the Answer sheet if each of the following statements is True or False.
PR 5% LI N B ROE 2 IERE B SR
A. Atrest, ATP of the cells of part I comes mainly from oxidation of fatty acid.
FEARIRURE,  HAL 1 B2 4 ML O ATP 32 2 A8 ) Jlig 17 1 84K
B. The activity of insulin receptors in the cells of part II is increased during exercise, enhancing glucose
uptake.
FEIBBOME, F0AL TI J A 0 PO 8 155 2R S B AT MRG0, T DA s 36 2 W 0 B X
C. The increase in blood flow to part III during exercise helps to regulate the body temperature.
FEIEENRE, AL T LS HG A Bl 5 B #8
D. Epinephrine decreases blood flow to part IV via B-receptor.

T b Ji o vh B- 52 P (I B AL TV I I 7
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Q.74

A man had lost approximately 700 mL of blood in a severe injury of a major artery in a motorcycle accident. At
the time of accident, his blood pressure was 90/50 mmHg. Several physiological changes should be expected in
response to hemorrhage.

AR MR 205, 5 & FEBIRN K A 70022 T MK, (ESFMOEA Ry, A A& 90/50 % KK
FEo AETHAR PR i P R S JEESE Bk Y ML T A o

Indicate in the Answer sheet if each of the following statements is True or False.
PR 5 LI N B ROE 2 IEHE B SR
A. Oxygen affinity of hemoglobin in peripheral tissues was increased .
JEIAE A A B HILAT 22 B SRR g 3 v
B. Total peripheral resistance was increased.
A S g
C. Hyperpolarization occurred in the cells of the sinoatrial node.
AR AL 52 M 95 A 1> B s 4 O AR
D. Vasoconstriction occurred in the brain and in the coronary arteries.

I WA 5 A s DR AT e AR Bl
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Q.75

In a simple way, respiratory disorders can be classified as obstructive or restrictive disorders. Obstructive
disorders are characterized by a reduction in the airflow rate in the respiratory tracts. Restrictive disorders are
characterized by a reduction of lung volume.

Wl 2 5 9 T ) — 1 B 75 925 A [ 3 20y L A S PR o g o DL S8 P 2 T e T 2 PP T S T
b, IRk s oy A A i 2 R gL

Figur e Q.75 shows the shapes of the flow-volume loops measured during forced inspiration and forced
expiration in healthy people with normal respiratory function and in four patients suffering from four common
types of respiratory disorders.

[ Q.75 B 7= £ 1E 5 i e NN 5 DU ARy B AERL PR 2R 00 D DY IR N B b, 5 W S AT 9 I S R
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Figure Q.75

Indicate in the Answer sheet if each of the following statements is True or False.
FEE G LB N OIS ROR 2 IR B SR
A. The blood pH of a patient with Type 1 is higher than that of healthy people.
FETY 188 IR pHAR = A1 RN
B. The time of the forced inhalation of patient with Type 2 is shorter than that of healthy people.
FAT 2 76 O 0 R S DI f] B A N
C. A patient with Type 3 displays a higher breathing rate than healthy people.
FARL3 BB H WP R g B
D. Residual volume in a patient with Type 4 is higher than that of healthy people.
FARLA S8 (i i A R v A2 RN
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Q.76

Figur e Q.76A shows neuron X receives signals directly from three separate nerve terminals b, ¢ and d. Neuron
Y receives signals from nerve terminal a.

Q.76 AB/R AL TUX ELAE AL o d=AEAFFREER R IRIZ SR, ALY I AER S ad Ui (5 9%
Figur e Q.76B shows the various postsynaptic potentials recorded in neuron X after receiving input signals
directly from terminals b, ¢, and d and indirectly from terminal a.

[ Q. 76 BE /R AL TUX ELAEE AR by o AWM NIGIRIZ, ROk EIHIAN R T i1 5 AL
Figur e Q.76C shows the action potential recorded in neuron Y after receiving input signals from the
presynaptic terminal a.

Q.76 C A AL TTY PEARA a M N AT SRR I8 (B E TR AL AL 8%
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Figures Q.76A, B, and C

Indicate in the Answer sheet if each of the following statements is True or False.
FE% 5% LIRE N B ROA 2 IERE 5§k
A. Action potentials could be generated in neuron X if nerve terminal c¢ is stimulated rapidly.
an AR R EEOR A ¢, PRESTT X A REE AR B E B AL
B. When three nerve terminals a, ¢ and d are stimulated simultaneously, the postsynaptic potentials recorded
in neuron X are smaller than those when the nerve terminals ¢ and d are stimulated simultaneously.
FIRE R oy d=AEPRAR IR, EMPASTTXEO R 1) S il 1% & o & b R IRe e . d ORI 2y

7N

C. Nerve terminal a releases inhibitory neurotransmitter and nerve terminal b releases excitatory
neurotransmitter.

PRAERMY a BEH A AR AERY E, MRACRKH b R B MM AR Y &

D. In the mammalian body, there are many neurons like neurons Z, Y, X. Neurons Z, Y, X are sensory
neurons, Renshaw cells (inhibitory neurons) and motor neurons, respectively. If a substance (e.g.,
Strychnine) injected in the body blocks glycine receptors, diaphragm contracts fully and remains
contracted.

WL BN S AR AEIZ, Yy X, MEE Z. Y. XA BEMASE. Renshawdl
M CGdIFREET)  EBIRRAS T, A — MY (S R ) TE N AS N Ry BE P B H =R 2 A8, AR
ik e AW HAORSFUS e IR B8
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Q.77

A set of experiments on the regulation of hormone secretion and effects of various drugs on the activities of
endocrine glands were conducted on rats. Rats were divided to different groups and each group was injected
with a hormone or a drug. Some physiological parameters were collected and analysed.

R BRIEAT — RV, AT MRRCR 7 WA RO FR BT S AN [RIZE D3 N 0 I A R R 2 . R R 70 2 A
FIfERH, BRAHAOES — MR B — R 1%, R — A P2 AR Hr .

Indicate in the Answer sheet if each of the following statements is True or False.
R SR LIRE N B ROE 2 IEHE B SR

A. The group of rats injected with the drug that reduces the sensitivity of hypothalamus to cortisol resulted in
higher plasma levels of both glucose and insulin than those in the group of rats injected with the drug that
reduces the sensitivity of adrenocorticotropic hormone (ACTH) receptors.
PR YT S PR AR A B i B R (ACTH) 2 BB IR EE 1) K BUAH, VRS 1 B AR 457 3 e B
SEPEZEWIRI R BRI 58 v ) 2 R 5 2 W P P s

B. The group of rats injected with the drug that increases the sensitivity of hypothalamus to thyroxine
resulted in higher metabolic rate and body temperature than those in the group of rats injected with the
drug that increases the sensitivity of target cells to thyrotropin-releasing hormone (TRH).
AR R o AR BB TSR (TRH) H AR S B ZE Y RO BRAH R BRIV S 17 190 4658 e 3 R
FREUR I ZEY) o A R A R AR

C. The group of rats injected with propylthiouracil (which blocks thyroid hormone synthesis) resulted in
smaller thyroid gland and body weight than those in the group of rats injected with placebo.
SRS 22 TR B0 K R AELAFT EE Y55 PR PR s e L BT H R R 3 B0 ) B0 K B A 2 FROIR BRI /)
e B IR

D. The group of rats injected with thyroid stimulating hormone (TSH) had smaller pituitary gland and bigger
adrenal glands compared with the group of rats injected with corticotrophin-releasing hormone (CRH).
PO ST B b B B R BRSO ZR (CRE) IR B A, V5 TR R 2= (TS H) K B 2H A7 R /) FA)
e JRR TR R B L i
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Q.78

Some researchers studied the changes in the level of saliva cortisol and 2-AG (2-arachidonoylglycerol)
concentration in blood in two groups of people with motion sickness and without motion sickness (no sickness)
during parabolic flight maneuvers (PFs). During PFs, the saliva cortisol levels and 2-AG blood concentrations
were measured from samples taken in-flight before start of the parabolic maneuvers (TO0), after 10 parabolas
(T1), 20 parabolas (T2), and 30 parabolas (T3), termination of PFs (T4) and 24 h later (T5). The results are
shown in Figur e Q.78.

WEFEN BORY & B (5 AR L) B A & i B (A ) I AN, M AS IOV AR AT (PFs)1R, MRV K2 &
fiE ¢ i 2-AG (2-arachidonoylglycerol) 7R 5 R 5E4L . MR B B I BRIV 2- AG IR FE R AR I PR SR IR
[RIA0°T, PWPIRRAAT BAAGTHI(TO)s 10XIMPNERAATIR(TL) 20K IWMIARRATIZ(T2) 30K IMPNERIAT IR
(T3). POARTRAT 45 IEIRE(T4) . 24 /NEFIR(TS). 45 R UIEQ.78 Az .
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Figure Q.78

Indicate in the Answer sheet if each of the following statements is True or False.
FEZ A LB N A SRR 2 IERE B SRR
A. A 2-AG inhibitor can be used to reduce motion sickness.
2-AGHMI ] T LU s> o 2
B. In motion sickness group, the blood glucose level at T4 was higher than at T1.
o BLAH PR N ZE TAIRE (1) U U J2 v R AE T 1Is
C. At T2, the blood ACTH (adrenocorticotropic hormone) level in the no sickness group was higher than that
in the motion sickness group.
FET2ME, AN HAH I MR ACTH(f B iR B2 B 20k 52 B e e s A )
D. In motion sickness group, the blood CRH (corticotropin-releasing hormone) level at T5 was lower than
that at T2.
FETSIRE, i BLAH MV CRH(E B 1l B2 B 3RO B Ve BEAR A FE T2 15
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Q.79

When a person born and brought-up at sea level and then moves to a village at an altitude of 3000 metres above
sea level by helicopter, some adaptations of their body occur to compensate for the decreased oxygen pressure
at high altitude.

—fENAERR T R AR ROK, AR ARIEELTHHERS 2IHER30004 REA_ERIATE, S a2t —deip i
UASRIA 72 b vt B D B S R

Indicate in the Answer sheet if each of the following statements is True or False.
PR 5 LI N B ROE 2 IEHE B SR
A. The moment the person arrives at the high altitude, oxyhemoglobin dissociation curve shifts to the left
(indicating greater affinity of hemoglobin for oxygen).
FEAR I it SAtb i (R PR A0, S0 A5 L AL AR AR R Bt ot 20 17 7 (% (R7s AL 2 3 48 B R IR 7))
B. After several days living at the high altitude, the person's blood viscosity is decreased, enabling his blood
to deliver more oxygen to his tissues.
AL AR R AE AR I AT, AT ILVB ARG B A, o8 At ) L 8 S R AR 11 B 22 O 2
C. After several weeks living at the high altitude, the person's lung cells of this person produce more nitric
oxide (NO).
FE R RO A 35 R 00, A B0 Ao 400 2 2E B %2 — A R (N O)
D. Many people who ascend rapidly to high altitude experience some degree of acute mountain sickness

(e.g., headache, malaise, and nausea). Which may be treated with a drug that causes bicarbonate to be
excreted in the urine.

RE NPT RS, SRR R Sk eI . AN, WG, 38 7] BLH e
P S B S PRVBUHIR I (R ZE VR %
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Q.80

Figur e Q.80 demonstrates the relationship between oxygen concentration and oxygen partial pressure (Po,) in
blood of two species of vertebrates (species a and b). Each sample was subjected to two levels of carbon
dioxide pressure (Pco,): curve I represents the values measured at normal Pco, and curve II represents the
values measured at elevated Pco,. The blood having passed through the lungs of the two species normally has a
Po, of 100 mm Hg and the deoxygenated blood leaving the tissues has a Po, of 40 mm Hg.

[ Q. 8 OLF 71~ i A5 HE BNV (P A a AT b) LV 28R UR FE AN 8070 B (Po) 2 ] AT Bl A7 o AR B AR 7K 52 21 i JE T
) AR 7 B (Peoy):  HHARTAGR IE W Peo IS SR . HEARIIUSR S RiPeo, R HIAS AU BUE . 18 M)
A A 14 78 4LV Y Poo it 3 A5 10022 KK AE,  BfE B AHAR Y SR EAUIML Po, 440 Z2 KR AT
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Figure Q.80

Indicate in the Answer sheet if each of the following statements is True or False.
FEZ %A LB N A SRR 2 IERE B SRR

A. While comparing curve I of species a with curve I of species b, you can predict that the O, concentration
of the blood in the lungs of species a will be higher than that of species b.

LRI a BAYRE b (O RIAR 1, VRBETRIHIFEYRE a fili b L O 8 FE i AP 7 b 1Y

B. Ifyou expose deoxygenated blood of the two species at the same level of Pco, to increasing Po,, the
first blood to become saturated with O, would be that of species a.
AR AR W A7) TR ik S (5 A AH [F) T Peo2) 2 e 7E B MG N Po, K RIS B0, BRI & 24
i a F LR

C. In species b, if curves I and II represent the Pco, of oxygenated and deoxygenated blood, respectively,
there will be less than 160 mL of O, released from a litre of blood as it passes through the tissues.
FEVIRE b, WS HAR T AN X1 73 AR B S AR UL R Peo,, 12 T LV 360 38 A 4k PR R T EH 1 O s 2>
JR160Z Tt

D. In species a, an increase in Pco, in the blood reduces the affinity of hemoglobin for oxygen but has no
effect on the maximum oxygen-carrying capacity in the blood.
éj.ég%@ a ML HPeo MG INIRS, & BRI IMLAT 2 A SR FRAT /g, HSE AN 5 B AE MLV o 1Y) e R 4 e
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Q.81

In an experimental study on magpies Pica pica, conducted in Sweden, Goran Hogstedt manipulated the original
clutch size (shown on the right of the graph) of experimental birds to generate a number of different clutch sizes
for each category of bird, as shown in the X-axis.

The number of young fledged successfully by the birds under these different conditions is indicated by the Y-
axis. Food abundance and quality of territory are thought to be associated with clutch size. Predation is lower in
large clutches.

Bitg 513 5 B4 T — THERER PR 78, Goran Hogsted ti) FH 8 B s 1 i A7 8 O B80T [l 70 A (S ) A8 e 1
PRI A, AR — AT B R IR B X WOR B R . fERERGET BT IE B, 4005 RO S R Y
TR, B e R RRIR) it B A LR RS B . KRR IR B, ORIUR iR
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Analyse the following statements, with reference to the data provided and indicate in the answer sheet if each of
the statements is true or false.

SEPRARIERL, M R AIRGE, AEEE LI MR RUR R IEREREERR .

A. The birds, in general, did better with experimentally manipulated, larger broods.
M E, SEMEERIRE N, AR R IVBCE AR B

B. The reproductive rate of birds is closest to that which maximises individual breeding success.
o S Sy I I B B K ST R Dy, R file A Ry JR ) B

C. Birds in high quality territory tend to have larger clutches.
KO E iy i B AR, TR A ORI T B AL

D. Experimentally-manipulated clutches experience higher starvation.

TR 1 I RO 1) LA
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Q.82

The behaviour of two similar-sized species of fiddler crabs (Uca latimanus and U. musica) that intermingle in

the same habitat was studied. Males build hoods over their burrows for mate attraction. Mate searching is a

dangerous activity for fiddler crab females, so these females may be forced to make suboptimal choices for

their own safety, especially in areas where their conspecifics are in lower densities. The figures Fig.Q.82 below

show the approaches made by females of the two species to male crabs as well as to burrows (with and without

hoods) of conspecific males.

WF AL IR — BRI b, A A i G ] S R AR AL TR B (AT Ao BRI O SR TH 2 AR I 5| S
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Fig. Q.82(A) Mean (+SE) proportion of resident Uca latimanus and U. musica males approached by wandering U.
latimanus females and U. musica females. * p < 0.05; *** p < 0.0001.
(B) Mean (xSE) proportion of resident conspecific males with and without hoods approached by

wandering U. latimanus females and U. musica females. * p < 0.05.

fidl. Q.82(A)E M1 ) Uca latimanus and U. musicalf 4] #4511 U. latimanus females and U. musicaiff 17 # it

B HPEI LA (£SE). * p < 0.05; *** p < 0.0001.
(B)EHL¥ Uca latimanus [ U. musicafs M THZ B8 E h [RIFER) U. latimanus #EPE & U. musicafid s i~ L4
(xSE). * p < 0.05; *** p < 0.0001.

Indicate in the answer sheet if each of the following statements is true or false.

FEE S5 B IR P BOR T IR AR

A. Females of both species approached a greater proportion of the conspecific males than the heterospecific
males they encountered.
PP 1) 28 0 R R, e [ R A % P B A7) v s S AR

B. Attraction of U. musica females to hoods is not as strong as that of U. latimanus females.
U. musica WEBERTHZ I S AR EE A S U latimanus WEBE 58

C. A male fiddler crab’s willingness to court all females, regardless of species, is made used of by females of
both species for shelter-seeking and avoidance of predators.
TS W) AN AR RE A Pl A M B E R B T BC RS B, LR T A e o A [ ) o ) A 2 3
I JEEE T 7 Sk R

D. An overlap in habitat use between these two similar-sized fiddler crabs has no impact on both signalers
and receivers.

b e 5 PR AR DL ) B S ) (6 P e, S RHUR R s A A R

#

N
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Q.83

Three morphs of a polymorphic species of Catocala moths differ only in the patterns on the forewings.Six
experienced blue jays (Cyanocitta cristata) searched for prey on a computer screen in a series of trials.
Catocola Wi &y — F3FMR T RAASR  Z RV, H 72 8 ZE R INRE . £ — RAIHE S, FIH 6t
KB 4K 1) B4 5 (Cyanocitta cristata) , {F TS5 el 4L .

Each trial involved a screen showing the presence or absence of a moth from three distinct morphs of a moth
population.If the bird found the moth, it was rewarded with food. Each bird had 36 prey and 84 no-prey trials
and lasted for 50 days. Three replicates were carried out, with the second having a larger population of morph 2
and third replicate starting off with a larger relative abundance of morph 3.

B E R P BRI R, SRR, WAA3EAETRE, W5 R T ey
B, FEEESORMRET, B EI6IA Y LA . AEEBEIR, F2RGET
% LU 5] §82(morph 2) MK EBE, ZE3VKAA T % Lu ) 1Y RE 3 (morph 3) AR A B .
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A ST AEMREREI R
B, Prey detectability
BRI

Indicate in the answer sheet if each of the following statements is true or false.
FEZ A AR R 21 %% R0 fr) 2 I BB R
A. Morph 1 was the most cryptic morph.
RIRE S R AN ERIR ) AL R
B. Relative numbers that escaped detection determine the abundance of each prey type.
AR B A ORI E 1 R 5 ST R
C. Preferential feeding behavior of the blue-jays of the most prevalent morph maximizes their foraging
success.

BERSH R BE R RN, BAREMWY, s TR RTR
D. Polymorphisms are maintained in the population through frequency-dependent selection by predators.

2 MIVELE TR T I AERR RS B R O RS K3 (frequency-dependent) FIT 28 A2 1 R38R 77
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Q.84

An organism has four genes, A, B, C and D with two alleles each. An individual heterozygous for these genes
was bred with one that is homozygous recessive. The cross produced 3288 offspring with phenotypes shown in
the table below:

—HAED I VUEEE, A, B,C,D, & A EEK . — S AE SRR RS T, B —2fkE
Ve LA TR RS, 7930328818 748, HERBMaIFE

Phenotypes Number of individuals
R 15 B8 H
ABCD 675
ABCd 83

ABcD 1

ABcd 74

AbCD 73

AbCd 1

AbcD 84

Abcd 670
aBCD 655
aBCd 86

aBcD 1

aBced 73

abCD 71

abCd 1

abcD 87

abcd 653

Indicate in the answer sheet if each of the following statements is true or false.
A FG LAR M MO S ROR Y, B
A. The four loci are genetically linked.
1 U1 o PR o 2y e g
B. The distance between gene B and gene D is 9 cM.
B2 R AIDZE [ ] (T Bl 4% 9 cM
C. The distance between gene D and gene C is 10.5 cM.
D K AICEE A ] (U ER B2 10.5 cM

D. Interference happened with a value less than 0.25.
Interference = 1-(observed frequency of double crossover/expected frequency of double crossover).

AT, HAG/DMR 0.25
BT =1 - (B TR / 8 8 T3
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Q.85

A plant is normally red-flowered. Plant breeders obtained three genetically different pure mutated lines of
white-flowered plants (designated as a, b and c). They performed crosses and observed progeny phenotypes as
follows:

— ARV BIALAE, Y EEES S A RKBE AR R@. by M), AFEGRHEHEZIRS
AR R

g,é%zs Parent FiA Progeny FAY;
1 line a x line b F, all white
Mm%Zax mAb F14 5 1k
) line a x line ¢ F, all red
mAax fh&Rc F1 4B AL AL
3 line b x line ¢ F, all white
MmA&Ab x AR C Fl145 1t
4 red F; from cross 2 x line a 1/4 red : 3/4 white
MEAZ2BIF1 AR BHALAE S x iR a 1/ABAALAE : 3/4B8 F14E
5 red F; from cross 2 x line b 1/8 red : 7/8 white
FEAZ2BIF 1 AR BIALAE S x R b 1/8BHALLE : 7/8BH (1%
6 red F; from cross 2 x line ¢ 1/2 red : 1/2 white
SR I AR BIRLAEE x fhi & ¢ 12B84L4% : 120 (1 4E

Indicate in the answer sheet if each of the following statements is true or false.
FEERG AR N OIS ROR Y, Bish
A. Line (a) has only one homozygous mutated gene.
ah 5 a R I R 4 A T R R I
B. Line (b) shares two homozygous mutated genes with line c.
Al ZR DA B ¢ A7 T [ Al 25 R 8 R DR 2 AH [ 1)
C. Line (c) shares one homozygous mutated gene with line a.
ah Z ¢ M &R a A — ([R5 0 A DR AH [R] Y
D. Line (b) has three homozygous mutated genes.
i F b A =[RS T RS D
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Q.86

Indicate in the answer sheet if each of the following statements is true or false.
ARG ERH NI RORZ S, sl
A. A completely recessive allele is lethal when homozygous. If the dominant allele mutates to recessive
allele at a rate of 106, then the frequency of the lethal allele when the population reaches mutation-
selection equilibrium is 0.001.
— SRRV AR TE [ A TR B0, 35 R S 6 R R 85 Rl BB R S5 A7 B TR () R 8 021076, U
L REIE B RN PPNy, RS PR BB I IR 2 SR £ 0.001
B. If the frequency of a completely recessive lethal allele is 0.2 and it remains unchanged from generation to
generation due to the superior fitness of heterozygotes, then the intensity of selection against the dominant
homozygotes should be 0.025.
A e RSO AL K IR & 0.2, 1 HIN ARG TESMEERE, AR RSHRA R
hEh, RIL, BRI S T IR R E 440.025

C. Selection for recessive alleles is less effective than selection against recessive alleles.
BIEEVESEAL L I A R I OR B LU RS I DA ) R3SV IR R A 2

D. In a large, randomly mating population, the frequency of an autosomal recessive lethal allele is 0.2. The
frequency of this allele in the next generation will be 0.07 if the lethality takes place before reproduction.

FE— AR K BEREAZ BC R IEAE h, —(E B g (i ERIESVE BSOS LR I RPR AR 20.2, & HBUEN
SRR A SEAT, AR R A, SRR DA K 0.07
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Q.87

Indicate in the answer sheet if each of the following statements about cancers is true or false.
ARG BRI N OIS ROEZ S, Bl

A. A particular type of colon cancer can be caused by recessive alleles even though its inheritable pattern
appears similar to that of a dominant trait.

A RFRSARY B R R T DL BRI S5 6 R R R B, BEAR B B AR 20 i A5 BRI TR A IR
B. In one patient, normal cells have only one mutated p53 allele but cancer cells have two identical mutated
p53 alleles. Then it can be concluded that the second mutated p53 allele is formed by gene conversion.

FE 895 N FR) IE 8 A0 B b AT — {8 SR 33 (R pS 355 A B Al E I N ) 400 ML b 107 IR A [ ) 5% 5
WapS35E AL LA, Fir LA RT DASHEG 28— fIf 58 58 p 538 A ik PRI ph it R s 4 a6 il

C. Some cancers have been effectively treated with drugs that cause demethylation. Then it can be concluded
that genes causing those cancers are more likely to be oncogenes.

A Ly AT AT 25 AL R ZEDD A R0a 8, [RI AT DU E 3 FGIE e i B0 Ji X AT R B0 4 A

(oncogene)
D. Chromosome inversions can produce novel oncogenes.

e to B8 5147 (inversion) 1] DA% RSGHT 1 B0 5
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Q.88

Mouse embryos that were trisomic for each of the 20 different chromosomes were monitored during embryonic
development. Their survival time was plotted against the size of trisomic chromosome in Fig.Q.88.

B HAR G 88 = (5 88 (trisomic) I E BRURAG M EL L, 70 A AP R IR A 52 5 TR 0 4739 PR ] A = e €
SR/ B R anlE Q.88

21 Chr 1=

1.54 Chr 6=

IChr 10=
N1
Chr 19w
0.5+
RZ = 0.71
0 ; : :

15 16 17 18 19 20
Vi NN s AN

Based on this information, indicate in the answer sheet if each of the following statements is true or false.
RFULE R, EERE IR NI BROA LS, B
A. Chromosome 19 likely encodes fewer transcripts than other chromosomes shown in the graph.
19t Be m] BE LU B R Ay A B 1 B AILUE

B. The total amount of genetic material of the additional chromosome solely determines the severity of the
defects associated with the chromosome imbalance.

B G (0 AN T4 o ) R 2 0 4 R R G RS R B AR E

C. Assuming that genes on chromosome 1 and 10 have similar contribution to embryo development, gene
density on chromosome 1 is probably lower than that on chromosome 10.
B o6 1R G BN 28 10 Qe (e LR IR IR 5 5 A MRS, RIS LI (e bR BE R
JEE AT REAIGTA 28 1014 Gy (o fid

D. Genes on chromosomes 12 are probably more important for embryo development than those on
chromosome 13.

1215 Gttt AR ] BE FL AR 1 3 e it b AR DR IR G 9% B S E 22
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Q.89

mRNAs in the cytoplasm of eukaryote cells frequently form closed loops by circularization. Indicate in the
answer sheet if each of the following statements concerning closed loops is true or false.

HAZ AV P B mRNAK & 8 R RN, 5 RE LIR NI RE PR RGA S S, B

A. Circularization is due to a phosphodiester bond between the 5’end and the 3’end of mRNA.
BRI PRl 29 FEmRNA B 5" 35 03 i ] T2 e R — I

B. Circularization increases stability of mRNAs.
B IRAGIE IImRNA 75 € 1

C. Circularization enhances translocation speed of the ribosomes.
BRI SR A BE HE AL B A

D. Controlling circularization is a mechanism of post-transcriptional regulation.

PR BN A — R B AR 10 A P2 il
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Q.90

Pedigrees 1-4 show the inheritance of four different rar e disorders. It is known that the disease in pedigree 4 is
X-linked recessive.

JEREE1- 4 S DU S SR B, AR IR 450 A2 R X- B 8

Figure Q.90 [EQ.90

Studying the pedigrees and indicate in the answer sheet if each of the following statements is true or false.
WHtIE LAl R 1R, EE G IR THIRBOA LY, Bk
A. The disorder in pedigree 1 is most likely caused by a recessive allele.
At 28 LI B Pl AE Sl — (8 B S i DA ok
B. Person III, and 115 in pedigree 2 have the same genotype.
Atk 282 F KT TIT2 A7 EL A7 A (7] 14 5 (5] 2
C. Pedigree 3 shows the inheritance of the disorder can be caused by a recessive allele on X-chromosome.
ik 22 3BH N I T DA A BH X (10 R 1 S5 7 25k [R) i e
D. If the affected man and his unaffected wife in pedigree 4 have a son then the probability of this son be
affected is 0.125.
AAERE RAT B MENIEEZE A W51, RS 730 IR £0.125
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Q.91

Polymorphic DNA sequences are widely used for molecular identification. Short tandem repeat (STR) 1s
composed of multiple repeats of 2-8 nucleotides flanked by two conserved sequences. Each STR locus
normally has more than two alleles. Single nucleotide polymorphism (SNP) is a variation at a single position in
a DNA sequence among individuals. Each SNP usually has only two alleles. Seven individuals were
genotyped for two autosomal and two mitochondrial (mtDNA) SNPs, two autosomal and two Y-linked (NRY)
STRs (Table Q.91).

DNA 381 (1) 2 RUE A 2 A8 R iR 70 5 o0 i 6 AR 77 81 (STR) R 72 2- 81l A% IR 41| EEL A 22 Yk A
J, AR v R R A 81, Bk STRAE PR e 368 5 A kel — {8 DA b OS2 B R iy B HF R 22 Y
P (SNP)RI & {5 H] FEDNA P 71 _E A4 B —fE s B oA 82 5%, & —{ESNPIE S R A “(ESFAIE A . LA fF
AL BN —(E R AR B (mtDNA)_EISNP,  PLK (I #S 5 th B AN — (i Y i (NRY) L FISTR & 3515,
B-GE SR A R, AR AR Q.91

.utosomes #& G th §E NRY mtDNA
Individuals | SNP1|SNP2 [ STR1 | STR2 | STR1 | STR2 | SNP1 | SNP2
Ind_1 A/A | A/A |13/15]18/20| 13 12 C A
Ind_2 A/C | A/G |12/14|18/21| 13 15 A
Ind_3 C/C | A/G |14/15|18/21| 13 15 C G
Ind_4 A/C | G/G |13/15|19/19| 11 14 T G
Ind_5 C/C | A/G |14/15 ] 18/19 - - C G
Ind_6 A/C | G/G |14/14 | 18/19 - - T G
Ind_7 C/C | G/G |14/16|19/21 - - C A
Table Q.9 £Q.9

Indicate in the answer sheet if each of the following statements is true or false.
FEERG LIRH NI ROR Y, Bish
A. If the same number of SNPs or STRs are used, SNPs are better than STRs for distinguishing individuals.
U SRAS T AH A5 H (I SNPELSRT,  SNP¥F [ 43 8 (1 34 S LL STR 4
B. Ind_6 is more likely a child of Ind 2 and Ind_5 than Ind 3 is.
151 B 6 LU A8 53 50 A n] e 2 flal RS2 AN 5 Y /N4
C. Ind 4 is possibly a brother of Ind 6.
5G4 7] B e il Be o i bt 5
D. It is possible that Ind 7 is a granddaughter of Ind 1 and Ind 6.
ANREHEEREBS 7 /2 M #8 DRI B3 6 175 20 AT Be
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Q.92

A wildtype female Drosophila was mated with a wildtype male that had been X-ray irradiated. One of the

F1 females was mated with a male that had recessive phenotype (caused by recessive allele a). Progenies of the
second mating were unusual in two aspects. Firstly, there were twice as many females as males. Secondly,
while all the males were wild type, 2 of the females were wild type, and the other '2 exhibited the recessive
phenotype a.

— AR P A RYME R AN — S A XO IR a8 ) B 2 R SR S E, AR LR 1A 1 — & MRS — B3
Ve B AL R e R (D8 A PR E SO S IR a T B0 ACBE, S A0 —ARF IR B R 1. MR SR S A SR
WO A 2. PrA R AR B AR T, 12 R B AR, AR 120 R FR I a R

Indicate in the answer sheet if each of the following statements is true or false.
ARG LRI NI SRR RS, B
A. X-rays converted a dominant allele (A) on the chromosome X, coding for wild type, to a recessive allele
(a).
X' HEESRP S — IR X G 05 L 0 B A R B 5 A5 ] A58 Rl PR 2 2507 i Rl a
B. X-rays produced a chromosomal translocation.
XM I SPF 32 i — {18 e o B 5 or
C. A loop might be seen on one pair of chromosomes during prophase of meiosis 1 in the mated F; female.
J23E 8 HYA S B F Ml SR A AU B0 228 T RS, R mT DAE — W e S B3 31— {1
D. If a female from the second mating exhibiting recessive phenotype (a) was crossed to a wild type male
then her progenies compose of females and males at the ratio of 2 females to 1 male.

S B8 IR AZ A% BT A R — {18 B3 4 2 T 20 g SR AT — {8 A T e R RS AE, R AR e L
A2 01
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Q.93

Mr. Trung cloned a coding sequence (CDS) of a gene into a vector, , and namedthe resultedplasmid as
pVN2016. The CDS was inserted at the Sacll recognition site which is located in the multi cloning site (MCS)
region within the lacZ gene of the vector (Fig.Q.93A). The inserted CDS has a PstI restriction site located 0.8
kb upstream of its stop codon. To identify the size and direction of the inserted CDS, Mr. Trung digested this
plasmid with different restriction enzymes, and the results of the digestions are shown in Fig.Q.93B.

Mr. Trung #%— &K 4RSI 7 51 (CDS) v Bl Ak, 152188 pVN2016, HECDSH B HIfh N2
A7k i lacZ 2 PR N 1) 2 BB [ (MCS)H i Sacl VI (IEQ.93A), i AKICDS fv Bt A3 —{EPstIVIfz,
P AEAS LR FI70.8 kbiE . Mr. Trung 2 HfERR M CDSHE N B R BEF J7 r) (LLEERR I 3' > 5' 4% ¥E),
Trung FH AN [A] A PR ) 2 DD 8 b 2T 8, &5 SR W11 Q.93B

A B empty linear vector i A f Exff i
l pVN2016
M EcoRl Spel Pstl
7
1 start 10.0 kb— —
Apal 14
Aatll |20 8.0 kb— —
Sphl | 26
BstZ1 |31 6.0 kb —
Ncol 37 i 4.8
BstZ | | 43 5.0 kb 4.3 —
Notl | 43 i -
EcoR | | 49 gg ::E
. \ Sacll |52 . - 3.0 3.0
Ampr Vector ﬁ%% Spel 64 3.0 kb— — — —
EcoR 1| 70
3.0 kb Notl 77
Bstz| |77
Pstl 88 2.0 kb~ — 2‘
Sall 90 ) 1.3
Ndel |97 — 0.8
Sacl | 109 —
BstX1 | 118
Nsil 127 0.5
141 0.5 kb— — —
4 spe

(A) A schematic map of the vector, numbers indicate positions of restriction enzyme recognition sites located in the vector
(B) A schematic electrophoresis of digestive products using different restriction enzymes, M: 1 kb DNA ladder.
(A) HESE, Bt EIRGIEEHRIALE B)AAFRGIEEIFZ M EIkE, M: 1 kb DNA RUiE

Based on above data, indicate in the answer sheet if each of the following statements is true or false.
RIFLLEZRL, EEESE IR T SRR LS, 26

A. The CDS is 2.6 kb in length and has an EcoRI recognition site at about 0.5 kb from one of its ends.
HECDS F Bifs 2.6 kb,  BR%i#50.5kbEE AT EcoRIVI AL

B. Spel can be used to determine the orientation of the CDS.

Spel DIEIA] LU A H) E CDS A T[]

C. The CDS is oriented in the same direction as lacZ .
IHCDSHI 5 [A] FillacZ 2 K AH 7]

D. If plasmid pVN2016 is digested by both enzymes Spel and EcoRI in Tango buffer (EcoRI and Spel cut at
100% and 20% efficiency, respectively), five fragments of 0.5, 0.8, 1.3, 2.1 and 3.0 kb could be detected
by gel electrophoresis assuming that fragments smaller than 50 bp are not visible.

W15 LA Spel FIEcoRIVI ElpVN2016, {E4# ) Tango S JHEAE & & EEcoRIVI EIZRIE100%, i
Spel VI EI R RE20%, RIEXKFBEEER: 0.5, 0.8, 1.3, 2.1. M3.0kb fiffl FE, BE%/NA 50
bp I BUEIEAE 2
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ECOLOGY 4:#

Q.94

=Y
HE
(AN

£

Scientists constructed models for four threatened tree species in sub-tropical forests in Vietnam, and used these
models to estimate tree ages (figure Q.94). Tree age is measured by ring count and trunk diameter at breast
height (DBH). Rates of growth were categorised using changes in DBH from 10 to 1000, with 1000 at the

s L AR A SRS ([ Q.94 At 2 5 Hh - i 1Y)

finest-grain measure of change.

b5

A R R 78 (DB H) Y B 5,

)

D
)
)

Tree age [years]#i#s (4F

w
o
o

N
o
o

=
o
o

SR T A AR PR R AR S P AR A ST T AR,
Ao R A ) ) v EL A (DBH) 2R I &
F 10210002 B2,  L10004y A0 A1 11524k

+ Annamocarya sinensis A%k

o

I Calocedrus macrolepis 2= i 14
1000

.”100

t Dacrydium elatum &) #4

+ Pinus kwangtungensis % i 71 544

1000
/, 100

0 20 40 60 80 1000

Trunk diameter

. | | | L e
20 40 60 80 1000

[cm]Ba % (A 43)

20 40 60 80 1000

\ \ | |
20 40 60 80 100

Figure Q.94 Estimated (lines) and observed (circles) ages for DBH categones of four tree species.

FHDBH (i v ELAS) N B Al ) (A7) S B 22 1

(BDAFER

Indicate in the Answer sheet if each of the following statements is True or False.
FE 5 LAR N 9 B ROR T IR B ER

A. Using the smallest category gives the most accurate information of tree age of P. kwangtungenesis.

&/ N SREE, nl A4S B8 3 g 135K (P, kwangtungenesis.) i 1EHE A5

B

B. Age estimates increase particularly strongly from 100 to 10-category model in D. elatum.
FEBEIIRA(D. elatum) T4 A5 SELHIIEIN,  AE1002 10H )R 80 F N o8
Model with just 10 DBH categories underestimate the observed ages for three species.

FH 10145 (DBH) A% 74 40 A1k 378 At Akt 14 18 005 e

For D.elatum, measuring DBH using either 100 or 1000 will give an accurate estimate of tree age,

C.

D.

whereas to estimate the age of C. macrolepis, only 100 gives a reliable estimate.

BEEIIFA(D.elatum) I 5, F 100881000 E A & N1S(DBH), & 152 — & IR AFE AR, 1M

221 14 HI(C. macrolepis)FE 84 1O 51U R 100 46 T 15 5 S
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Q.95

To understand the effects of several factors on plants (4Agrimonia rostellata and Trillium erectum) in forest
ecosystems, students transplanted seedlings into experimental sites and observed the proportion of surviving
seedlings growing with native or non-native vegetation, with or without slugs, and with low or high earthworm
density. The results are shown in the figure below.

Fy T R S TAN 7 B AR A B8 R AE W (FE F - Agrimonia rostellata 2 JE8% 5 Trillium erectum) 522,
REF AR R B, B MIEA A EAR A A, A Ml e AN [R] B i s 53 2 (7 1) S5 4%

R By AFE R EE A
A B

0.7 1 0.7 - @ Slug excluded i i
= % - O Slug present £ i i
S o6 0.6 §
f‘& 0.5 % 0.5 -
E o3- 0.3
&
S 021 0.21
g T I
®
> C D
£ 07 - 0.7 |
2
S 06 0.6
)
2 05- 0.5
Xe]
‘é 0.4 - % % 0.4 - %
o
a 0.3 0.3 L

0.21 : ‘ 0.21 | ‘

Non-nativedEZ<#  NativeAH:  Lowf Highi=

Vegetation #ti#  Earthworm densitytf 5] %5 i

Figure Q.95 Proportion of surviving seedlings.
Q.954%)) 1 A7 1 L 471
€ F HiAgrimonia rostellata (A, B)
FEES E Trillium erectum (C, D)

Indicate in the Answer sheet if each of the following statements is True or False.
FEZ 545 AR D 21 2 RO o) 5 I RS R

A. Slug exclusion has a positive effect on the survival of Agrimonia rostellata and Trillium erectum in high

C.

earthworm density.
TEMEIEdG G R, B e % B M| 5158 4 H(Agrimonia rostellata) 2 JE 2 #.(Trillium erectum)%))
B IR AT A2 A I TP R

. Slug effects are dependent on other stressors, especially on interactions with non-native plants and

earthworms.
g P 28 A PR 5 S8R MR A B I B R 7, G G B A A e A ) B | o 28 A= 1) 52 LA
Earthworms have positive effects on Agrimonia rostellata and Trillium erectum.

e 15| 354 BE 4 H(Agrimonia rostellata) & 3EE8 H( Trillium erectum) A 1E [ &

D. Non-native plants and slugs synergistically decrease seedling survival through increased competition and

consumption.

AEA AR Loy, R RN L B, S BRI v A A A AN R
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Q.96

Students cultured plants, including four grass species (4. capillaris, A. odoratum, F. rubra, and H. lanatus) and
four herbs (C. jacea, L. vulgare, P. lanceolata, and R. acetosa) without legumes, in different blocks with
treatments of monoculture and mixtures of two, four or all eight species. They then measured different
parameters as functions of plant species richness, as shown in the figure below. Values are shown in log, scale.
R A B EAT &, WI54F (A, capillaris, A. odoratum, F. rubra, and H. lanatus) J4FE [

5 (C. jacea, L. vulgare, P. lanceolata, and R. acetosa) WANE GRUEYY, 1EA R [ IREAT A [P FEAH &
M Baat, CAE1IAEL, 28, AR e8I .

1117 4% 3500 B AN [R] A PR B A g 2 TR B o &8 R [ s

B4 UL E AR logy KR

A B w C
20007t 2007 8 900
- 1 £ oo
T 1800} 4 180} =
& K & w700}
#1600} i B _ 160} B ¥ ool
o E ) o E 8 5 ¢
¢ = e = g o =
o D 1400+ 3 S e)] 140+ £ © = 500°Ff { 1
L~ L~ s 3 D2
7] n 3 3 5 <
O 1200} z 120} 3 2 & 400
5 B3 3 o =
) ) o
1000 . . . . 100 . % 300 .
1 2 4 8 1 2 4 8 = 1 2 4 8
- D E n F
[0
T 600, S 600[ T % 600
® 500} 2 500} 3 s & 500
3 O =
2 @  400f g _ 400t L T 400
B 1 ) 3 28 3 7 I
& £ < 300t 8 < 300t o = © 300
[} (3}
52 235 [} o © E & &
T 3 <= 200t o 200} c =200
c > L) L = z 5 2
3 © & = T 7T T {
S ) o c 8
) o S ®
3 100— 5 100b—— 2 5 100——
a A g c
< 1 2 4 8 1 2 4 8 o E 1 2 4 8
Plant species richnesstE/) & & & Plant species richnesstE/ 8 g% o Plant species richnessiti{) 4 &
Figure Q.96

Indicate in the Answer sheet if each of the following statements is True or False.
PR S5 LR N 91 & RO ) 2 1 iR
A. Above ground biomass increases but root biomass decreases with the increase of species richness.
BEE UM S RN, AEMR A e I EAR 1 AR R e D
B. Plant species richness promotes soil C stocks mainly through enhanced plant productivity, despite
accelerated soil organic C decomposition.
A AE A BRI 2 RIS D0 R, A S RN R P RS R, RS E RN 3 Bk
B YR A E R

C. Greater soil N stocks at higher species richness is mainly attributed to increased N retention, rather than N
input, with enhanced plant productivity.
FEREYD S Py, G A e RS U R S R Y S R R, SO ss A
EE I ARAME R TTHIIA

D. More diverse ecosystems can increase the potential for C sequestration in terrestrial ecosystems.

02 2 i A 1R 2 B AR BE T o e e A T8 AR s A7 XV
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Q.97

A rocky shore contains many shallow rock pools dominated by macroalgae and grazing gastropods, comprising
primarily Patella ulyssiponensis (P), Littorina littorea (L) and Gibbula umbilicalis (G).The experiment is
designed to test the interaction between grazer species and the additive interaction with nutrient
enrichment.Pools contained either none, one, two or all three of grazer species at realistic densities

(Patella, Littorina and Gibbula).Another complete set of all the manipulation grazer treatments was also
established concurrently where nutrient concentrations were enhanced to compare the simultaneous effects of
grazer treatments at ambient and enriched nutrient conditions.Gross ecosystem productivity (GEP), number of
algal taxa, and the biomass (dry weight) of all algal species were measured.

R LR, EEESAEYARKEEE AN EE R LEY, WEES)EELEY T
FALFE S WA (P) (Patella ulyssiponensis )&% (L)(Littorina littorea ) FFEWE(G)(Gibbula umbilicalis)

A By RS B VRO W) 2 A EAE R A e e S T ) B b G A AP 2 TR A2 ELATE

B Bt A 3 MG PR ) 70 1 L0 1.2 A 3RS AN [RI G B RO AH A AT 5 B, MDA R T S
JZ.
H—EA RS YRR R B RN RO R, MRS EEAIRE, LRI IER K
BT S W BRI P G Er VR R P A 2 TP R AT AR AR BB A J1(GEP), BRI SRR
FCP A B SR A ) B (R ) B

A B 301 C% 10+
AmbientiE# 1+  Enriched@ & ]| AmbientiF# 1 Enriched@ & = AmbientiF% 1  Enriched® &

30+ : s : 2 :

'RH'C; 1 H ' Jln’d 87 ' I
= ] , ] HK [
E £ ! 20+ : e ;
2% : P : 2 :
1 2 1 = 1
%o ; ! = 5 4 :
N ] 210+ 1 = ]
% @10,, [ .5 ] S ]
o 8 : 3 ; 5 ol :
1 -241) 1 s 1

N 11 < : £, : il

P L GPLG P L G PLG P L GPLG P L G PLG zs P L GPLG P L G PLG

Consumers manipulated M5 £ £ 4 f F 0 & 40 & Consumers manipulated Mg £ V) F ¥ fic 2 40 & Consumers manipulated M5 £ V£ 478 (¥ i & 40 ¢

.Presentﬁﬁ B&bsenﬂﬁ?ﬁ:
Figure Q.97

Indicate in the Answer sheet if each of the following statements is True or False.
PR SR EAR N 9 B BOR AT IEREEEE R
A. Gross ecosystem productivity is enhanced by nutrient enrichment and is greater in pools where Littorina
is present.

BEESE W RINAR A A A 7y, HLAEAT IR (Littorina) (14 71 3 HH BE 2% W 55

B. The effects of grazer species loss on accumulated algal biomass are regulated by nutrient conditions,
grazer identity and grazer diversity.

BT 1P DR 9 2 SR R B R ) S B S 308 B B 1 B Ik ) e e A iy S g £ Pk
PRI I 22 BRI S5 TR %

C. The effects of loss of grazer species on ecosystem functioning depend upon both the diversity and identity
of the species present.

WS R IR R AR RE R T RERIE 8, SR BRI A 2 BRI AR AE 2 AR R S ) A 5
D. The presence of all grazers results in lower algal diversity and biomass in both nutrient conditions.

FEMAEAN R 2 BERIRRE T, PIrAT s PR R A7 A Ry, 83 A 22 AR I S A P BRI
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Q.98

Gall aphids (Pemphigus betae) live in poplar plants. Adult females produce galls on poplar leaves. Some
fraction of these galls will emerge and survive to adulthood. Female aphids complete their life cycle after laying
eggs in the leaves. All the progeny of a single female aphid are contained in one gall. A student recorded
observation on several aphid populations, shown in the table below. All environmental parameters are assumed
constant.

& JLIF &5 (Pemphigus betae) = AEA7 18 (poplar) ' o Bl ME &R 7E 480 B 1~ b AR 2 st Horb— LR gRiis o
TSI R 2 e, fE i A BE o A DR AR B SE At M A ALY, B — R i A A AR A AR

Mo WEEN B ACER AR 0 R ARG R A0 N 38 MR BRI 7 B MERF 1R E

Number of aborted Number of successful Female/Male ratio in adult
Population galls galls stage
it 25 407 e I B i Dy P ek 0 B0 T 1) 15 A M/ e L A5
1 35 70 1/1
2 25 75 1/2
Not given
: 2! 03 e
4 16 32 1/1

An equation representing number of female aphids in t generation is established as below:
TH A=, BRI EE R M R 7 5 e AR B
N =[x (1-m)]'x N,

Whereas: [fi]

N — number of adult female aphids in the t" generation
Ny — 7EZE 0 AR P il (B0

N, — number of adult female aphids in the initial generation
No —1E B 48 R f5e 477 FR) E 1% ol s 5

m — fraction mortality of the young aphids

m — 4 &R AL T LA

f — number of progeny per female aphid

f— B s i A2 2 AR

r — ratio of female aphids to total adult aphids.

r A R e s Y LA

Theoretically f, m and r are constant.

i Ef, m A o A (AN EH)

Indicate in the Answer sheet if each of the following statements is True or False.
TR 526 EAR I N 9 B ROR T IERE SR
A. Population 1 has a constant number of adult females across generations when each female produces 4
progeny.
R MERR A4 RS, R 1A md BT & R AX AT RLE P MEE R O .
B. When every female in population 2 produces 3 progeny, this population will have a constant number of
adult females across generations.
FERRE2E Y, E AR EMEE A3 ARy, MR AT A 1R 5 A ML Rl e i i
C. When population 3 has a constant number of adult females across generations and each female aphid
produces 4 progeny, the female/male ratio of the population in adult stage is 1/2.

AR A AT [ RO METE pead Ry, 1y EL AR ERR AT A 408 X, RGO RS Fr) /2 L 451 1
1/2,

D. Given that each female in population 4 produces 6 aphids and taking the offspring of population 4 to be in
the first generation, the number of adult females in the third generation will be 384.

TGRS, EREE— MR E ol AL, i ILpr & AR FAR e A2 1R, AUTE R 3R, MEM: Alias
8= B2 3844,
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Q.99

Information about the relationships among organisms is a useful source of data for scientists investigating a
wide variety of biological questions. Indicate in the answer sheet if each of the following statements about
using the phylogenetic trees is true or false.

A T ) A AR T A 28 B (AR B2 SR PR AN [ B e P A= P R ol D RE IR A T S Al AE B AR L,
T AURCR IR B RR o
A. Phylogenetic trees can be used to determine how many times a particular trait independently evolved.
H Ao Bl A m] Y 2l R v A e R RIS ST AL 1 2 IR
B. Phylogenetic trees can suggest whether a particular trait is the ancestral one..
R Ao B AR A8 T TR 7S R R 1R 75 A pELAR
C. Phylogenetic trees can be used to determine the timing of evolutionary lineage splits.
FA AR AT 2R T S AR 73 Ui ) B T
D. Phylogenetic trees can be used to determine the virus’s origins in human populations.

FL5 BB AT A& NS F (1999 25 2 ALY
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Q.100

The analysis of DNA and protein sequences nowadays is widely used in constructing phylogenetic trees.
Indicate if in the answer sheet each of the following statements is true or false.
IRAEDNA Lt H B 5 B 0 S8 2 T s @il s B AR . EA St b, RE R ZIRGE IE RS R o
A. The number of differences in a nucleotide sequence of two species increases with time that has passed
since the species split from a common ancestor.
HADREOE H AL [FIRE 58 70 U tH AR AR, VA A% H R e 47 22 S B0 H e B e fe] 189
B. If the same protein of two related species are different at only one amino acid, then multiple substitutions
might have occurred since the two species split.
AR R R E BB, R —(AEERAE, RIE WA 4%, AlREe 954
Z B
C. rRNA sequence analysis is useful for phylogenetic relationship among species within a genus.
rRNA I FP 5173 A ] R AR [ — a8 B P ek ] 2 e il A
D. Pseudogenes can be used for constructing phylogenetic trees.

1R 2 DR R DA S Ak il 1 A

END OF THEORY PART B &5 !
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