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Dear Participants
You have a total of 3 hours (180 minutes) for answering this theory paper.
A 3/ NI A [BIZEA B G

Use the Answer Sheet, which is provided separately, to answer all the questions.

PR EE AR B[O E R A

The answers written in the Question Paper will NOT be evaluated.
BiEaE IV EERAET D
Write your answers legibly. Note that there may be more than one correct/incorrect

answer and every cell should be filled.

For example:

SRR TR, B BETHRER SN —(EIERE SERY, FEEAH AR

B~ AR

NOTE: Some of the questions may be marked “Skipped” / “Deleted”. DO NOT attempt
these questions. Also, read the question completely before attempting it as some

questions may continue from one page to the next.

AR ALEHEME R AR, F2FE! FRHE AR EREE R B FE, HyaL

/INEEHIRAE T —H

The maximum number of points for this paper is 89. 3 .
z&ﬂit /\D+89 3 éj\
Stop answering and put down your pen IMMEDIATELY when the bell rings.

EREIL, I E IR EEI R T
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e Your Answer Sheets as well as the Theoretical Test question paper will be collected at

the end of the test period.

i, B A\ B G ARIGE SR RS =4 -

Good Luck! ©
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CELL BIOLOGY #ff4EY

1. The Table below shows the genetic codes of amino acids. T3 &AL REAVE (FHEE

U |C | A |G
U | Phe Ser Tyr Cys
Phe Ser Tyr Cys
Leu Ser STOP STOP
Leu Ser STOP Trp
C|Leu Pro His Arg
Leu Pro His Arg
Leu Pro Gin Arg
Leu Pro Gln Arg
Allle Thr Asn Ser
lle Thr Asn Ser
lle Thr Lys Arg
Met Thr Lys Arg
G | Val Ala Asp  Gly
Val Ala Asp Gly
Wal Ala Glu Gly
Val Ala Glu Gly

QF0CF0CEE0CO0 S

Some viruses (e.g. tobacco mosaic virus (TMV)) have RNA sequences that contain a "leaky"
stop codon. In TMV 95% of the time the host ribosome will terminate the synthesis of the
polypeptide at this codon but the rest of the time it continues past it.

The following sequences show part of a mRNA from TMV. Indicate the sequence(s) that may
result in two polypeptides in the indicated frame with a tick (v') and those that will not with a
cross (x). (1.8 points)

FEbss (PIAESES#RpE TMV) 1Y RNABEEENET - &5 LB EERA W F ST -
TR SRR T TMV » E18 EAVHERS S 95%AVHEEr B 515 thak R 35 e T » &4 EIER &

F o AB AR RIS A A 5 i e S 1

LLUNHIFRA55 H Y S i 3 AR — B0 mRNA o DUR P51 ] 58 & i HH R (R R s ey BRI 5 T

B (V) AGHTETEFIT (%) - (1.843)
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a. 57-AUG-UCU-UGU-CUU-UUC-ACC-CGG-GGG-UAG-UAU-UAC-CAU-GAU-GGU-UAA-3”
b. 57-AUG-ACC-CGG-GGG-UUU-CUU-UUC-UAG-UAU-GAU-CAU-GAA-GGU-UGU-UAA-3~
c. 57-AUG-CUU-UUC-UCU-UAU-UAG-CAU-GAU-GGU-UGU-ACC-CGG-GGG-CCC-UAA-3~
d. 57-AUG-CAU-GUU-CUU-UUC-UCU-UAU-UGU-GGU-UGU-ACC-CGG-GGG-UUC-UAA-3”
e. 57-AUG-CAU-GAU-GGU-UGU-ACC-CGG-GGG-UAG-CUU-UUC-UCU-UAU-UGC-UAA-3~

f. 57-AUG-UCU-UAU-UGG-CAU-GAU-GGU-UGU-CUU-UUC-ACC-CGG-GGG-AAA-UAA-3”

2. Mitochondria are mainly concerned with the following functions: fi74# a8 = 2458 A E A TYIThEE
a. thermogenesis FEZER]

b. apoptosis 4HHIET

o

production of ATP E=4: ATP

ii'g

d. fatty acid metabolism HgHl& (5t

Indicate the extensive presence of mitochondria with a tick (v'), intemediate presence (-) and
absence of mitochondria with a cross (x). Match the key function(s) of mitochondria (a to d)
suited to the respective cells. (1.8 points)

HHRE R BAFAERISRAGHVEEFT 2)(v) » KI4REe 2 S B P ERVFH LURBHT 9 5oR () - 2 AR REEHTTT X
(%) - SFHERIARAG Z T DNRE R UCECHY S ELTAE (1.8 53)
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3. Arrange the order of the DNA molecules from lowest to highest in terms of their melting
temperature (Tm). (0.9 points)
LT DNA 537 » IR BTG EER 737 S (melting temperature, Tm) > F{ES]5HES -
(0.9753)
a. 57-AAGTTCTCTGAA-3~
3”-TTCAAGAGACTT-5"

b. 57-AGTCGTCAATGCGG-3~

37 -TCAGCAGTTACGCC-5"
c. 57-GGACCTCTCAGG-3”

37 -CCTGGAGAGTCC-5"

4. There are various mechanisms by which a cell can commit suicide — a phenomenon known as
“apoptosis”. One of the mechanisms is triggered by reactive oxygen species. The outer
membrane of mitochondria normally expresses a protein Bcl-2 on its surface. Another protein
Apaf-1 binds Bcl-2. Reactive oxygen species cause Bcl-2 to release Apaf-1 and a third protein
Bax to penetrate the mitochondrial membrane, releasing cytochrome c. The released
cytochrome c forms a complex with Apaf-1 and caspase 9. This complex sequentially activates

many proteases that digest cellular proteins.

HASF sk e B S A% — LI SR AAIIRE T (apoptosis) o b — il A B E
FME (reactive oxygen species) JTiE#, RARRL AN LA — 6 FE4 Bel-2 (EAE. 5
—flE & 1 E Apaf-1 RIRT LA & Bel-2. i A H 52 Bel-2 BEl i Apaf-1 F155 =1 4% 4 Bax [f]
VR o i R AR A K JEE B cytochrome ¢ FIREI. #REUY cytochrome c 7] B2 Apaf-1 il

caspase 9 L/ — (A &M, BLIE S BRI IE AR 2 10 5L P K el A /K AR AT L ) 2 1

What will be the fate of a cell exposed to reactive oxygen species in the following conditions?
EAMRAE LT R BE R A Ry, AR AR an ey ?
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I.  The cell has expressed a mutant form of Apaf-1 that constitutively (always) bind Bcl-2.
AMpEFIR H—TEze 2 (Y Apaf-1 > A5 (2 ) &5 Bel-2
Il.  The cell does not express Bcl-2 at all.
AR AR Y Bel-2
M. The cell overexpresses a form of Bcl-2 that is targeted to cell membrane only.
AFp A T =AY Bel-2 > B H A (% T4 E A
V. A chemical which extends the half life of Bcl-2 is added to the cell.

—{E A DUE R Bel-2 Z R LY E # D A QIR S -

Match the following fates of the cell with the conditions (I to IV). (2 points)
HHREER Y | 2 IV BRI - HapidE Rfal © (253)

a. The cell resists apoptosis. At T4 E T

b. The cell is forced towards apoptosis. 4HiE & T4 AT

c. The fate of the cell cannot be predicted. 4R & L4k FEH
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5. The Table below shows the chemical structure, pK;, pK, and pKr of some amino acids.

NRF AR (EERAERE ~ pKy ~ pKo A1 pKR

Amino acid Structural formula a-gng O(E)l\}l(IEIQ sidgléﬁain
0
Glycine (Gly) HLOH 2.35 9.78 -
NH;,
0
Alanine (Ala) HSC\‘)%H 2.35 9.87

Serine (Ser) 219 9.21 —

Aspartic acid (Asp)

NH,
FI;H
0]
HaN
H
0]
ONOH 1.99 9.9 3.9
OH NH.

Glutamic acid (Glu)

HQ/L/\(LQH 2.1 9.47 4.07

Lysine (Lys) 2.16 9.06 10.54

5.1. Determine the predominant form (ionic or neutral) for heptapeptides, Ato C, atpH 1, pH 7

and pH 12. Calculate their corresponding net charges (with an integer approximation).
(3.6 points)
sHRE M —EEH 7 ER AR AR Mk s (A 5] C) Ry EZP (BEFRERYELIERY) - 1

pH 1~ pH 7 1 pH 12 ARG « SH RIS ERY S8 (net charges )

i R YA

# (3.671)

5.2. What is the best pH for the electrophoretic separation of these three peptides from each

other?

Indicate the best pH with a tick (v') and the other pH values with a cross (x). (0.6 points)
UIE— 1 pH {E2 2 7S = PR sy s (B K R 7 BeEavA—{E pHEREFT2() » B
BRAY pH EFBFT X (%) - (0.6 57)
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6.

Which of the following sequence(s) of cell-cycle phases is/are characteristic of eukaryotes? [G:

gap; S: synthesis; M: mitosis]? Indicate correct sequence(s) with a tick (v') and incorrect ones

with a cross (x). (0.5 points)

DL UE— (e HRE A HAR IR -2 EAZ AR R 2 2 [G: gap; St GEkl(synthesis); M: il 2

$H(mitosis)]? IEMEMIRFFERTT20(v) - A IERERTFT (%) (0.557)

G1-S-G2-Gp-M
Gp-G1-S-G2-M
G1-Gp-G2-S-M
G1-Gp-G1-G2-S-M

G1-Gp-G1-S-G2-M

About the G2 phase fji® G2 HFHA

7.1.

7.2.

Which of the statement(s) describe(s) a cell in the G2 phase? Indicate correct statement(s)

with a tick (v') and incorrect ones with a cross (x). (0.4 points)

FIRARE G2 WAL - HHIEETTA)(Y) - $EHIERTT (%) »

a. The homologous chromosomes are lined up on the equator.
HHRE A EDR AL RS HEY IR L -

b. The homologous chromosomes have been pulled to their respective poles by the

spindle apparatus.
AR PIIELIR 2 G 4 SR L (= 4T ST AG A (H] -
c. The homologous chromosomes have not been replicated yet.
HAENEDR A e S 2 A HHE SR -
d. The homologous chromosomes are now in the haploid or n condition.
R EDR A A B 2 B (n) -
How many chromatin threads are there in a human somatic cell in the G2 phase? (0.5
points)

—fEpEr G2 RIRY A JERedit - RN ERZ/ I RertER ? (0.553)
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8. The morphology of three species of bacteria (A to C) are shown below:

= TEUE(A 5] C)IAET

® @ (@

A (coccus) B (flagellated bacillus) C (capsulated filament)
A (ERIPE) B (MEEME) C (EFFHIHIRHE )

8.1. Bacteria in nature prefer to attach to surfaces and exist in a form known as “biofilms”.
During the attachment stage, before reaching the surface for attachment, bacteria will
encounter a zone of repulsive force as they come very close to the surface. Which bacteria
are likely to have an advantage to overcome this repulsive zone? Indicate the correct

answer(s) with a tick (v') and incorrect answer(s) with a cross (x). (0.6 points)
MEAEERTER T - EE RS R — RS AR (biofilms) HIEAIFAE © FERGHTE
W] SR EER A LAET RV ARRR T > SEM PR SRR - AE R BT —(EE
FRAIEER SR o WE—(E A B SR v AR L DR Rl 2 IERERY — (B = F T A(Y) - Brieh IE
ffE R X (%) - (0.6 1)

a. Bacterium A (4 A)

b. Bacterium B (4f B)

c. Bacterium C (#fiE C)

8.2. After overcoming the repulsive zone and reaching the surface, the strength of attachment
on the surface of the three bacteria is likely to be different. Arrange the correct order of

attachment strength of the three bacteria in the Answer Sheet. (0.6 points)

ErRILPE R EMEERER - L= TEME RN REAEETI A E - Rt =fEdEa %R
HREISRE IR > BNEEE L - (0.677)
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8.3. A stagnant pool of water was originally rich in organic content, but the nutrient
concentration soon became diluted with rainwater. All three bacteria were affected and
would attempt to survive the best way they could under this condition. Indicate true

statement(s) with a tick (v') and incorrect statement(s) with a cross (x). (0.6 points)
—(EEHA B EAE 2B HRYE - BEREA B RESMEE - L= 2
8 MESAELRN TEE o RIERERRLET2)(V) - A IERERIROLTT (%) - (0.6 73)

a. Bacterium A allows the fastest relative diffusion of nutrients into the interior of its cell.
A A FeE TS R TRV E D IRECRE - S o AL ED -

b. Bacterium B can extend its flagellum to reach nutrients above the water level.
i B A ERHEEELERUKE EAVESY

c. Bacterium C has a capsule which can actively absorb more nutrients.

HHE C 7 Hepe n]JE e st R I B 28

9. A laboratory technician stained unknown bacterial cells with different dyes before observing
them. The dyes (stains) used are known to target (i) lipopolysaccharide, (ii) nuclear envelope,
(iii) DNA, (iv) cytoplasm and (v) ribosomes. Which dyes are likely to stain positive no matter
what type of bacteria there may be in the sample? Indicate with a tick (v) if they will be stained
and with a cross (%) if they will not be stained. (1 point)
—(r B E BB SR MR - A EARS A - FrEAEVZRIE R DI () fs
%1 (lipopolysaccharide) ~ (ii) fZf# (nuclear envelope) - (iii) DNA -~ (iv) 4fiE@'& (cytoplasm) #1 (v)

HEHEA (ribosomes) « sttt & (AN - LRI o I FEas AT B ] - FTHERE

HIEETTA(Y) » N GHEEHFTX(*) » (153)
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PLANT ANATOMY AND PHYSIOLOGY HE¥fi#s| AT

10. Study the transverse section of a root in the figure below. (4.6 points)

FRIE LA Fro iR A D) e A (| T 51

10.1. Match the codes (1 — 18) given in the table below with the labeled parts (A to H) in the

above figure. (1.6 points) I N RAYSEIE(1 — 18) 3 B EHE EEFTR Z (A ~ H)

No. | Part f#i& No. | Part it
1 | Hypodermis |57 10 | Sclerenchyma cell [EE£4H{
2 | Epithelial cell (Nf@4f 11 | Casparian strip £[X#E

3 | Xylem parenchyma K& &5 EE A 12 | Central vacuole H1 35

4 | Epidermal cell 3 F74ffaE 13 | Phloem parenchyma &) 57 & s B4
5 | Xylem fiber A& &l 454 14 | Pericycle & #5

6 | Root hair i+ 15 | Companion cell f-4HAE

7 | Exodermal cells 4} 74t 16 | Phloem fiber ] 57 B 44

8 | Xylem vessel NEHEHE 17 | Endodermal cell A fz4HE

9 | Cortical parenchyma cell 7 & #E£4HHE | 18 | Collenchyma cell [Ef4HAE
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10.2. The following are three pathways of ion and water absorption:
T = T R KRR
|. asymplastic pathway JLEFEREEE
Il. an apoplastic pathway & 7 MEEE

[ll. atransmembrane pathway ZEfEEZ K

Draw continuous lines and label (with I, Il and IIl) the three different pathways from

outside to H in the figure provided in the Answer Sheet. (3 points)

FEE AR ERYE T, (EARSNEH, DUBSEA BTy i a =R RIS AR, 1R 1)
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11. Match plant structures (1 — 10) with the corresponding function (A — J). (3 points)

RHEPIREIE(1 — 10) EHEEIIEE(A - J)

Plant cell / Tissue structure Function(s) / Feature(s)
TEY4HRE / SHEHEE ThRE | R

] Thylakoid membranes A An intercellular communication network

JAGRFEN IR AAERE AR
. Storage of water, digestive enzymes and other

Vascular cambium . . .

2 B | inorganic and organic substances
Z\ = 4 " o NN74 V=4 Wit pa
EEARIP B ~ (L R A e

3 Central vacuole c Production of new plant tissues/organs
LR A AT AHE 25 B

A Plasmodesmata b Modified parenchyma cell without nucleus
R4 4% FH bR AR < i EEAHAR

Avical meristem Small opening in the surface of an ovule,
5 P g | through which the pollen tube penetrates.

HUJ/\ é é\ 7 e\ A N
TPy P FRERRTEIBIFL, TOR R ek e AR
5 Periderm . Mechanical support
)4 eSS
. Sieve tube G Presence of electron transport proteins
e BEAEREREETF2E&0E
8 Trichome H Production of secondary vascular tissues
TH T AR AR I HEE TR AH A%
9 Secondary cell wall I Secondary protective tissue
KA YA EE RAHIPREELH A
10 Micropyle | Protection and absorption
BRAL PrRaE BT
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12. Study the graph below and determine which of the statements (a to h) are correct.
Indicate correct answer(s) with a tick (v') and incorrect ones with a cross (x). (1.4 points)

FRIE T EACHIER T 5RE (a - h) FPIREE R IR ? IEHEETR(Y); sharE iR (x)

0 # EE

T

a. Itis a photosynthetic O, response curve.
R A E RO S FEHh 4R

b. Point A is light saturation point.
[ Y A BE R TRE

c. Point B is light compensation point.
& Y B RS A (E RS

d. C is the maximal photosynthetic rate.
Ty C BFE B TE RIS AR
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e. Plants stop growth when they grow under the irradiance greater than the value shown at
point B.

EIEYARAEKNS B BERTEEE(ER O LIGEE T, AIEYRHE IR &

f. Respiration rate is greater than photosynthetic rate when plants are grown under the light
below the value shown at point A.
ETEYVIAERAE/ N AR IR T, RFEYR IR E R RO & EH

g. Plants grow (accumulate biomass) when their growth light environments are higher than
the photon flux shown at point A.

EEPIERMEAR ARRDEIEE T, YIS EREREYE)
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13. Study the light response curves for leaf photosynthesis of C, and C; plants shown below.

Indicate correct statement(s) with a tick (v') and incorrect statement(s) with a cross (x). (1.2

points) & f5C, 81 CotEPIEEF e (B ZOER MEIER, RIZEACHET MYIRGL, IEFEETR(Y);

AR TN (%)

i
CO,

&
(3

a.

Figure A demonstrates the characteristics of C, plants.

AlE B H C YRR M

C; plants have a competitive advantage over C, plants at high temperature and under full
sunlight because of a reduction in photorespiration.

R RN, CotEYIELCAta Y H Bisi B, TN R CotH IR eI

C; plants have a competitive advantage over C4 plants at low temperature and under low

light because of the higher quantum yield.

FERR R GIE T, CoEIEEC BV gt FHESS, [N By CatEY a2 H DT
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14. Some statements about photosynthesis are given below. Indicate true statement(s) with a tick

15.

(v) and false statement(s) with a cross (x). (1.0 points)

HE THIERDCE TR Z R0, IEMEER(Y); $EAEIR(X)

a.

Photophosphorylation involves ATP formation during the light reaction of photosynthesis.
FEOER e, Stk (LIFF &R ATP E4:

The essential initial role of light in initiating the light reaction of photosynthesis is to produce
free oxygen.
TEC S FERYAESE AR T, SV e B e AR S,

In a plant cell, the ATP synthase complexes are only located in the thylakoid membrane.
FEAEARE o, ATP Sl A AL e B b

Photosystem Il is required for cyclic photophosphorylation.

TEER=O R LA B E A R4

It is currently believed that the specific enzymes necessary for the fixation of CO, into

sugar are located in the chloroplast stroma.

2 HLCO, ] B R MERYRT B B R (L AR A H Y B

Arrange the following plants A to C in evolutionary order starting with the most primitive

specimen to the most modern. (1.5 points)

R N IEIR I BIE 5 AG 22 #E LHES
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16. Match the description or effect (A — J) with their corresponding terms (1 — 10). (1.8 points)

RERCIUTER (A — D) B EH A #5E(1 - 10)

TermEA 45 Description / effect #ift/{E
J Physiological reaction of organisms to the length of day or
! | Ethvlene 25 A | night  $t—R S R LRI
Photoperiodism Inhibition of the growth of lateral buds
2 B
JCHEHAM: FIRIAZE R
Apical dominance Stem elongation in intact plants
3 C
THEF RS, FESC R, (efE ¥R &
4 Thigmotropism D Prolonged exposure to cold temperatures promotes
fl i B HEFAAG
i owering fE{EE AR HERATE
Phyllotaxy Leaf and fruit abscission
5 E
B HEER AR
Auxin Bending of growing stems toward light sources
6 F
EBARSE (HER) D UEE AR
Cytokinin The arrangement of leaves on a stem
6 G
M HE AR FAVHES AR
Gibberellin The response of plants to touch
7 H
sHE TE YRR S e
Statolith Delayed senescence
8 I
‘Pra aegEAb
Vernalization Gravitropism
9 J
HILEH I
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ANIMAL ANATOMY AND PHYSIOLOGY Bh#¥fis k4= 12

excitation-contraction-coupling—{(1-5-points)—HEHEMIBR

release-ofintracellular Ca**-store

L
I

" . e e of N |
M. Ca*'-influxfromthe-extraceliularspace
V2
VI

18. Given below are data on the breathing rate, heart rate and body temperature of four different

mammals, A to D.

DUNEEE Ry A ~ D VUREIHALEIPIAIER ~ iR KA m

Animals Breathing rate Heart rate Body temperature
(inhalations/min) (beats/min) (°C)
) VERR(RASE) | OERI) #857(°C)
A 160 500 36.5
B 15 40 37.2
C 28 190 38.2
D 8 28 35.9

18.1. Rank Animals A to D in descending order for surface area per unit volume of the body.

(0.8 points)

IR S e 2 SRS ERERE R 2/ NEEY) A 2 D JEF (0.8 47)

18.2. Rank Animals A to D in descending order for total volume of blood in the body. (0.8

points)

REdENYIRa T R IMUREE B R ZE/ Ve A 2 D FE (0.8 77)
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19.

20.

Evaluate the following two statements regarding the respiratory processes of amphibians,
reptiles, birds and mammals. Indicate true statement(s) with a tick (v) and false statement(s)
with a cross (x). (1.6 point)
NI (E R 3 R A0 ~ TEaadS ~ BHA ~ AR OEIEAERE - S ERERSTT89(Y) > SHaR
st X (%). (1.6 77)
I. Negative pressure used to force air into lungs

DL R 75 =50 (5 SR AG HE AR
II. Lungs are completely ventilated during each breathing cycle

AL S 2P R 5 2 R

Gas exchange in animal taxa involves various respiratory organs (a — d), as well as the
circulatory system (open and closed). For each animal, indicate open circulatory system(s) with
a tick (v') and closed circulatory system(s) with a cross (%). Match the appropriate organs (a —

d) with the animals (adult). (2.6 points)

BV REG SRS S A R 25 B (a — d) R fEER Z 8t (BRRCEPASE) - R P B (I
B TERZAE (V) ~ PISRERARSETT X (%) - MR EEAFL=E (@ - d) (2.6 47)
a. Lungs ffi

b. gills  f®

c. skin =

=

d. trachea H%&

Page 21 of 66



IBO2012 Singapore Theoretical Test Paper 1

21.

Urine production is the result of continuous filtration of plasma through the kidneys. Indicate

true statement(s) about the mammalian kidney with a tick (v') and false statement(s) with a

cross (). (2 points)

PR R AR B Bt B Mg M A 2L > ST ALENIRY RN > HFIA NSy =R > b

FI89(V) > $53RFT X ()

a.

The kidneys have a direct effect on blood pressure.
B AR S I A i &
The kidneys help regulate total blood volume in circulation.
B g AT B A R AR
The loops of Henle remove water, ions and nutrients from the blood.
FHRERAMR TR ~ BT &S
Those able to excrete the most hyperosmotic urine, such as the kangaroo rats living in the
desert, have relatively short loops of Henle.
REFRM S TR RAE A0 D P RYBRER, - HF HIR BRI
The kidneys partner the lungs in controlling the pH in plasma.
B e e 2 e e U Y pH B
The kidneys help maintain blood pH by excreting hydrogen ions and reabsorbing

bicarbonate ions as needed.

B A PR TR PR g el - DAE B P pH {ERV4ERT
The kidneys dispose of volatile acids produced in metabolism.

B i AE PR R R P P E 2R S S R

Ammonia (NH3;) is produced in proximal tubule cells during acidosis.
Berhasis - &(NHs)ZHAT il VEARERTZE £

The glomerular filtration rate is affected by blood pressure.

R ARERAY AR AR 2 R FT 2 2

The kidneys produce ADH (antidiuretic hormone).

B A £ ADH(DIRIPRHZR)
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22. The amount of saliva secreted by a mammal is related to how much chewing is required on
feeding. Match the following animals (a — e) to the quantity of saliva secreted as given in the

table in the Answer Sheet. (0.8 points)

IR LB IR R o3 i B LA B IE IR AR - 1 T 318 (a — e) BB SRS EAVEIRITILE
fEBCE(1 77)

a. wolf B
b. horse B
c. cattle Za s
d. human A
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23. Allergy is a hypersensitive human immune system reaction which is a result of repeated antigen
exposure. In comparison, although pseudoallergy is identical to allergy in clinical terms, there is
no immunological stage in its development.

AU IR NI R S SRR L DU TS HEE - MY - MBS BEAEER PR RIS - (HEk
Z R RHVEENER -
The underlying pathological processes are listed below as observations:
NHIE HZ I B AR AR R
a. General level of IgE class antibodies in the serum is raised.
I IgE JAHIHiaS & ot
b. Specific IgE class antibodies in the serum is detected.
5% AR E Y IgE
c. Histamine — the main mediator of inflammation is released.
3R TS A - HEH AR
d. A minimal amount of the antigen is needed to demonstrate the reaction
TURHES—Ry NEIE A BED [RER e
Indicate for allergy, as well as pseudoallergy, the observation(s) that apply with a tick (v') and the

observation(s) that do not with a cross (%) in the Answer Sheet. (0.8 points)

STAVETE MU IR & BEHEBEETE £ BEE EITH() - AFRFETX (). (0.8 77)

Page 24 of 66



IBO2012 Singapore Theoretical Test Paper 1

24. The age of animal fossils can be determined by measuring the content of carbon isotope *C in
the bones. How is C accumulated in the bones? Indicate correct statement(s) with a tick (v)
and incorrect statement(s) with a cross (x). (0.6 points)

B C A T P iR EI R CACIE - e BREAEE R 2 ARG T (V) -
SRIVFTSL (%) (0.6 77)
a. through consumption and assimilation of organic compounds in the bones
FE AU FE LS AT E
b. through converting CO, into organic compounds in the bones
FEHELCO R Ry T FVATRE
c. through accumulation of residual CO, during respiration deposited in the bones

FE RIS AT B HIC O RAEEF
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25. European (freshwater) eel usually obtains oxygen by gills but can spend long periods of time
out of water using dermal respiration. The graph below shows the level of blood saturation by
oxygen and oxygen supply through different organs when the eel was removed from the water
(in arbitrary units):

BIOM (3K )8 8 HHE ARG 24, - (B thae RS R i RIS EERRE K - TEBURE ST

& > Hifnh EAVERIE RS FRs B RIBEE -

*A, AB,m C, oD

Match the following statements (I to 1V) to the corresponding lines (A — D) shown above. (1.2
points)
BN BIRGR( ~ IV)EL |8~ #h4%(A — D) BL$i(1.2 /1)
I.  Total blood saturation by oxygen

I SR BRI
II.  Oxygen supply through gills

KLAR{LFERY &
[ll.  Oxygen supply through skin

KL 7S BB &
IV. Oxygen supply from air bladder

& R HEERY S
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26. Anatomical characteristics of animals are adapted for their different modes of feeding (a — d).
BRI L E B (a ~ d) AYETERERE
a. carnivores REE)
b. omnivores R 1Y)
c. non-ruminant herbivores  JERZ ZZFEE &)
d. ruminant herbivores N E B

26.1. Match the different modes of feeding (a — d) with the corresponding dental features (I —
V). (1.2 points)
A EEM: (a - d) BEEIRYE (1l - IV)TERCE(1.2 77)
I.  no upper incisors, have dental pad, molars allow only lateral movements
i EJFTE - BOFIR - (e Rt E)
II. canine teeth highly developed and used for tearing
R e v v P AR
lll. grinding teeth patterns on posterior teeth (molars)
%7 B A ML E (e
IV. incisors for nipping, molars slightly angled, jaws move circularly (vertical and lateral)

FIESFHDAEER] ~ FHEAS A A ~ N SHRE R RR(EE B R A S &

26.2. The gastrointestinal (Gl) tract surface area to the body surface area ratio differs between
herbivores, omnivores and carnivores. Match the different modes of feeding (a — d) with
the corresponding Gl tract surface/body surface area ratio as listed in the table in the

Answer Sheet. (1.2 points)

HEHY) - FEREFY KA REYING S EREEHEREEAVEESARE - FAREM (a-d)

HEZEE EYNG R AR AR RER A L B FIERERCE (1.2 97)
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27. Match the adaptations of the digestive systems (a — c) with the corresponding anatomical
descriptions. (0.9 points).
A EDH B 24 E (a — ) B NFIAEEIRGIL ERCES(0.9 47)
Anatomical descriptions: fi# 3| #l
l. simple stomach, limited utilization of foliage-based diets
FHEEME ~ BEAMRILIER®
1. simple stomach incapable of utilization of foliage-based diets
FHEEME ~ FREUELE
[l highly developed sacculated stomach capable of extensive and effective utilization of
foliage-based diets
SEREEERNE - JEZMARMIERR
Digestive adaptations: JH{L#EE :
a. extensive fermentation after primary sites of digestion and absorption
i F A b R BT - TR EREEE
b. extensive fermentation before primary sites of digestion and absorption
TEFEFE R E R > ST RERY S
c. unable to digest some of the substances in grains, fruits and vegetables

AREMERA) ~ KR KRR PR E
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28. Fishes are specially adapted for aquatic life in different parts (e.g., surface, middle, bottom) of
the water column and various special habitats (e.g., sea grass beds, rock crevices). Their
swimming speeds are also partly dependent on their body morphology. Match the fishes (A — H,
not drawn to scale) with their respective habitats and indicate the two fastest swimmers and the
two slowest swimmers. (2.4 points)

PSS EIEAR FHYE B/KIK (WRE ~ T - [RJE) SR FIRVRSRREFT(ANEER ~ alg) - #ifiry
IFRER A EA Y RN ERYF(A — H, BORTZEEG 458 BLHE AR RO (ERC S,

e A TR 18 & S RiTE(2.4 57)
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29. In all classes of vertebrates, there are at least a few species that may occasionally take to the
air (e.g., flying’ fish, frog, lizard, and squirrel). They are not capable of true flight but make use
of non-flapping locomotion such as gliding and parachuting to slow their descent.

TER MBI T, 2/ DHVE — oY i i R i DURFIRY 5 A 22 A58l (ress ~ R
i K RER) - HUFIA R EIERRITRES], (B RS EREEhRy 5 =\ Eh, AE#l Rpkae ey 75 = H 4%
HTE
29.1. Animals that glide minimize drag (D) and use lift (L) to produce a more favourable lift-to-
drag ratio (L/D ratio). In contrast, animals that parachute maximize D as they often have
no significant surface area to produce enough L. When an animal has a steady glide,
several forces act upon it (see figure below). Resistance (R) of the outstretched body
against the airstream produces L. Drag (D) in the direction opposite to travel is also
present, and weight (mg) acts as well. The descending path makes an angle (6) with the
ground.
GIRTTHVBIY R R D (D)L A (LA E S A AR A BLAAYEEFI(L/D ratio), ik
Yk EkAR S e B AR I IO D, MR EEN Y 2 A e Sy R ERE AR A e 5917
L. E—SEYIETIRENEHN, FREHEFERNE L (SR TE) - &S HRGATE
AHE I (R)FLRIT el & = AR A (L) . B TE T [AE R AYVALT (D) g 23, & & (mg)
& HBUARIIER - TIEAIRSSRELIH £ — 285 R5(0).

Match the correct animal, (a or b), with the expected values of L/D and 6 in the table in

the Answer Sheet. (1 point)

HEFEEFAHEAHILD & 0 EalEE, BEREEHENY)(a 5 b)iE
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29.2. In flying’ lizards, the patagium is a fold of skin connecting the forelimbs and hind limbs.
Russell and Dijkstra (2001) compared the patagia and accessory aerodynamic surfaces
between two species of lizards, Draco volans (‘flying’ dragon) and Ptychozoon kuhli
(flying’ gecko).

FETRITZ 1, TR RERT ~ 12 EIRY K248, Russell and Dijkstra (2001)ELE: s

Draco volans (F$5E) 1 Ptychozoon kuhli (FR1T5F IR K BA 7 Bl ey i Bh

e

Ao Draco volans; [3—— Ptychozoon kuhli
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Indicate correct conclusion(s) that can be drawn from the study about the morphological

adaptations of the lizards for aerial locomotion with a tick (v'), and incorrect conclusion(s)

with a cross (x). (2 points)

YRS Bef b A2 22 RS Bl e LR HUTP REENE, mIGE b Ieie e 2 T80 (V); 85

AR fT X (%)

a.

Qo

0]

Although the mean weight of D. volans is smaller than that of P. kuhli, their body area

per unit mass is very similar.
#EZR D. volans HY-HEE /Nt P. kuhli, B4R B 8 2 R ERAITR T
Comparison of the patagial area to mass indicates that the patagia of P. kuhli are

larger than those of D. volans of equivalent mass.
FH FReREE i S B8 B Y ELisedo: AE MR ()RR S EEAH S B, P. kuhli HORHYTRAE
The accessory structures contribute more significantly to total available aerodynamic

area in D. volans than they do in P. kuhli.
D. volans Z ffBfif S B BEAG o] I 2 fie 22 HIfEEL P. kuhli BEFR AL 2 H S BIEHY
TEH

The total body area of the two taxa is very similar.

Pt SRR ERUE IR AR Y

. The proportional area that is contributed by the patagium is much larger in D. volans

than in P. kuhli, which compensates by the addition of extensive accessory flaps and

folds.
£ D. volans HyFRAFEEEEG IRV ERRZZ AT P. kuhli, 11 P. kuhli BIJ5E 5 250 @ AR

FAESAHE
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30. In the hypophysis, several regulatory peptides are built from the propeptide, Pro-
opiomelanocortin (POMC). POMC is cleaved proteolytically (A — E) into various products.
Every polypeptide below is represented with N-terminal on the left and C-terminal on the right.

i T A T Ay 2R E M 2K AT H POMC R RS T-12EL - POMC HI4E (A — E) 2B H i R R

Y) o NEAVEEZ IR FILL NSRS ~ C-IfEA R -

\ POMC |

S

| Y-MSH]| | ACTH B-Lipotropin |

X K

[a-MSH] [CLIP] [y-Lipotropin| [-endorphin]

?

30.1. Write down the minimum number of enzymes needed by a cell to produce 3-MSH from
POMC. (1 point)
—{E4HAfH POMC i& H B-MSH &/ ) 75 46 fd i 22 (1 77)
30.2. Write down the minimum number of enzymes needed by a cell to produce a -MSH from
POMC. (1 point)

— &AL POMC &t o -MSH i/ bR MR 2 (1 77)
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ETHOLOGY

31. Male fiddler crabs use their enlarged claws chelipeds (major chelipeds) for signalling (e.g.,
fighting for burrows, waving at females, etc.). A student studied male-female interactions by
using mirrors to reflect two different-sized images of the same waving male crab to females.

Mirror combinations used in the experiment were: 10x : 3x (Treatment |), 3x : 1x (Treatment Il)
and 10x : 1x (Treatment Ill). Ten waving males were presented to 20 females in three trials for

each treatment. She recorded the percentage of females (Graph A) and time taken by each
female to approach each reflection (Graph B) for each treatment as well as whether the male

was right or left-handed (Graph C).

MM AR SR > 40 - FEREHTT » ARS8 % - — U2 T
Fir 2 BUERG WA BRI o SR ZE LAY BT Ky » BRE2ME MR A — I MR (RS Mo
BRESE P EER F G IE - =M 5AHE 77 7R 10x: 3x (10 £% : 3 £% 55 14H). 3x:
Ix (55 W&H) Fe 10x: Ax (55 HTZH) © DL 10 SEHEMEEES 73 I 20 SMEM(E8E T8 - $1¥ bt
34HER - GHEE 3 N - MElsk S AH BRI - MR EG S BRI EL BB A) R EE 2 RIS Al
R BAIFT YR (B B) » S NaC sk iR R A A IS A= HI(E C) -
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Larger image;._1Smaller image; IM Right-handed male; [ ]Left-handed male

gt NI BRI FERETENE
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Indicate correct conclusion(s) that can be drawn about the interactions between male and
female crabs with a tick (v'),incorrect conclusion(s) with a cross (%) and statement(s) that

cannot be concluded with a dash (-). (1.5 points)
A RN BB BT &SRR o IEMERSETTA(Y), SERERETT (%), ANHEEH LU ()
Fore (1.5 77)
a. Female fiddler crabs generally prefer larger males.
—RRIME - AR A AR Y M
b. In mate-choice selection, male handedness is an important criterion.
FEFF AP A AR A A B A (I R Y A
c. Males that wave faster generally attracted more females.
MEVER TR BRI HEN SR E » — RIS [ HMEME
d. The mean time taken for females to make a choice differed between Treatments Il and III.
FEEERAERI N R N > Bl e B S S RV AR S TE - P CE R PIRFRE A e
e. An obvious difference in cheliped size of males may be necessary before females become

more decisive.

MEMERZEAY AR > AIRE R B MR AR U R E I RH 2
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32. Cormorants (Phalacrocorax carbo) feed on fish. They dive in the water and chase fish by sight,
so water clarity is important. Normally cormorants fish individually, but if the water is murky
they may develop a cooperative hunting method in a group. (1.2 points).

5#5(Phalacrocorax carbo) DA fy & > MFI7E AZK PRSI & - AT DUKH R S IRy 52 2
TRK - EREEPIF 2 B (HEKRENR > WM RS HRR(1.2 47)
BSEER R BT HAESEE e A

Indicate the process(es) that play(s) a role in developing the collaborative hunting strategy of

the cormorants with a tick (v') and use a cross (%) for inappropriate process(es).

faH N AT AL 7RISR T RS R G E R RIVE R > EMEEHITH(Y), hReg
g ] (%)

a. competition G+

b. conditioning 4k &

c. habituation HE(L

d. social learning t+&2H

e. imprinting E[JE

f. trial and error {iRES
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33. The figure below from Dittman et al. (1999) shows the behavioural response of mature
hatchery-reared Coho salmon, Oncorhynchus kisutch to an artificial odorant, 3-phenylethyl
alcohol (PEA) placed in one arm of a two-arm arena. These salmon were exposed to PEA at
different specific developmental stages: alevin (Stage |), parr (Stage Il) and smolt (Stage Ill) in
the hatchery before maturity and experimentation. Control fish had never been exposed to PEA.
NEZKE Dittman et al. (1999), £E&THfa &% KATRGH Coho fif:fi(Oncorhynchus kisutch),
Higm et Y B0 —fm A T &Ry ERIB-phenylethyl §% (PEA)RTEARITT R SE (FHRHIX
R —22) o B A H A F AR T G A R R R R PEA) AV AEER - D HE =1E A
ERYEERSEL - A EsfrfEfH(alevin, FEES ). At @il (parr , FSEL 1) DUR A E(ETER &
Jfi(smolt, FEEZ ), FERISHAY S AERGREIE T IER @ LBk -

g 06

©

5 05 -

[+]

3

o 04 A

£

8 03

(o]

©

e 024

L2

T 01 1

o

e

o 0 T T T

Control Alevin Parr Smolt
Treatment

D PEA absent; B reEA present

ZHH © Proportion choosing odour arm {E#& 52 Y B G BT —2 (G HI LB
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Indicate correct conclusion(s) with a tick (v'); incorrect conclusion(s) with a cross (%) and

inconclusive statement(s) that cannot be concluded with a dash (-).
NEIRCHE - AIEMEEEETT (V) SEEAEEETT X(x) » AHEE & LUREE (-)Fr. (1.2 97)
a. Salmon that had previous exposure to PEA had equal preference for both arms of the

arena.
SEfRERR AN AR PEA & B Y Mg P ERIVER » J2E R
b. Age of salmon is the most important criterion for navigation to natal stream.
fit VIR B B S A K iR AR T
c. Chemical cues play a secondary role in salmon homing behaviour.
{BERAR M Y AR AT Rty R A
d. There is a critical period for olfactory imprinting in the Coho salmon.

NS SEEREH RS2 IGIE Coho fi Uz 7 EHY
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GENETICS AND EVOLUTION E{&H2H1E/E

34. Bateson and Punnett (1908) studied the flower colour and pollen grain shape in the sweet pea
(Lathyrus odoratus, which is related to the garden pea, Pisum sativum, which Mendel studied).
They crossed a true-breeding purple-flowered plant that had long pollen grains with a true-

breeding red-flowered plant that had round pollen grains, and tabulated the following results for
the F2 progeny:

Bateson and Punnett (1908)#ff7¢EH = (Lathyrus odoratus){E &I E I RIVEE » STl
TERE R AN 2 HEE A FEAVYIRE o MFTRERAT - RACHRIVEIRAILLAE ~ BEkRIrI4E £

RS > HFHyRIARIAI TR

Phenotype FIH %I Observed
2RI E RS S
Purple flowers, long pollen grains 296

Purple flowers, round pollen grains 19
2AE ~ [BHERHIRL

Red flowers, long pollen grains 27
&LAE ~ RAGKHL

Red flowers, round pollen grains 85

Total number of progenies 427

TR AR
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34.1. If the genetic traits are assorted independently, what phenotype ratio would you expect

to see? Fill in the expected values for the respective phenotype and test for independent

assortment by calculating the Xz value. (4 points)
ARG AR E MRy BC (assorted independently) - RIS PUFEZRR A EE A f

il 2 ARILELBI » R S FEFIR RIS (B RS BB AR - W T E Y AR & R B sy

fic - (4 93)
df X2
1 3.841
2 5.991
3 7.815
4 9.488
5 11.070

Table: ¢ values for a (p value)= 0.05

34.2. Indicate the likely explanation with a tick (v) and inappropriate explanations with a cross

(%) for the above observation. (0.8 points)
R FERBEIZEAER - HIEEEG FAYSTEMRE - BUEEFT2(V) » $EAVEETT (%)

(0.8 47)
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35. The DNA sequence of the Atlantic salmon (Salmo salar) genome, which contains 28 pairs of autosomal
chromosomes and a pair of sex chromosomes (XY), has been recently completed. DNA microinjection
technique was used to successfully transfer a growth hormone transgene construct into the zygotic
stage of salmon fish embryos. Subsequently, 4 transgenic individuals (FO founders), 2 males and 2
females, were obtained. The growth hormone transgene is under the regulation of a liver-specific
enhancer and all 4 transgenic founders have high plasma growth hormone levels leading to accelerated
growth. It was confirmed that the transgene is inserted as a single copy within their genomes. Stable
lines of transgenic salmon with accelerated growth will be established through crossing. For the
establishment of the F1 generation, both the male and female transgenic founders (FO) are outcrossed
to the respective gender of wild-type (non-transgenic) salmon
RPE kA (Salmo salar) B A 28 B EASHT 1 ¥ EAS(XY) - EDNAKH4H (genome) L1
TEFPIERK - i FIDNAGEE ST (DNA microinjection )i A= R AL INEE A S G H0N - 1551 4 {1
A (ERS(Fo founders) » 2 (RIS - 2 (FRIES - BARYAE RBERERZ IS &b
(enhancer)3i% - 4 (FREESH R E VA & A RBERAVRIE NIV AE R - I H AR A —(#copyry
FRMEEREAFERNHAN - HEIIRERFEIEREANIIRA RAVim % > Fo foundersiyfif il

e 2 T oy AR A B (S R KT - IS 2R A
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35.1.

35.2.

For the establishment of the F, generation you have been asked to carry out a sibling-pair
cross in order to recover homozygous transgenic individuals carrying the growth hormone
transgene. What would be the expected genotype ratio expressed as a %? (1.5 points)
RS A EIHA N YRI5 5 A (homozygous) Fotth X » iREF 1 Y i 6 ik f L AH AL
IRTEHAER A - B fESE S RIHTE Sy by A Rl 2 (1.5 73)
When you check the ratio of males versus females of the F, generation you found that
there are always more females (70%) than males (30%) regardless of whether the growth
hormone transgene is present as null, heterozygous or homozygous within the individuals
of the F, generation. Indicate the appropriate reason(s) with a tick (v') and the
inappropriate one(s) with a cross (x) from the list below. (0.8 points)
EirtmEF TGN - SRfER T O ABEIEARN - fine RS e sEmE e
SUEMERAS 70% > HEFUS 30% o NHIRTRESRIAS - $HVEEFT2)(Y) o $BRVEETT (%) -
0.8 77)
a. Epigenetic silencing in some male individuals has shut down the growth hormone
transgene.
fE—Lbfferarh » A RIGFEETEAAL RS -
b. Integration of the growth hormone transgene is no longer stable.
RBFETEAN A R ENY R EANHEA -
c. Besides the XY sex chromosomes, environmental factors might have a secondary

role in sex determination.
Pr1 XY MZe@mpash - BN A RERR B M BIRIAE -
d. The growth hormone transgene has translocated onto the sex chromosomes leading

to sex reversal of some males.

A RBEFEEEANCEER RV e b o EECT L A piE -
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36. Chicken with short wings and legs are called “creepers”. When creepers are mated with normal
birds they produce creepers and normal chickens with equal frequency. When creepers are

mated with creepers they produce two creepers to one normal. Crossing between normal birds

produce only normal progeny.

HA R il HE 75y creepers - & creepers MIIEH HYFEACHACTZ > T creepers AT £
ff—=* : & creepers fll creepers Zfittk » 1 creepers RIIEHHEAVIESR 2 1 1 ¢ IEHHEA]

IEHHYRER R A AR I 5 -

36.1. What is the simplest genetic basis for creepers and normal chicken? Indicate the correct
answer(s) with a tick (v') and incorrect answer(s) with a cross (x). (0.6 points)

1 creepers FIIE T MRS FHALRE - B ERAVERRE Ry o] 2 HAVEHT A(Y) - $EEVEHT X

() - (0.6 77)

36.2. Indicate the correct phenotype of chickens carrying two creeper alleles with a tick (v') and

incorrect phenotypes with a cross (x). (0.5 points)

R 2 1 creeper SEAIER, HIBAILERIIM, BIEEITA(Y), SEHIEETT (%)

(0.5 %)
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37. The black hair of guinea pigs is produced by a dominant gene B and white by its recessive

allele b. Assume that 111 and 114 do not carry the recessive allele.
RERBAEREEHEN B HEARNES - HOBAZHREE b FAAERE - B NEFH 11

and 114 A AR b SR -

37.1. What is the probability of 113 being heterozygous? (1 point)
13 ZRGEEIHIFARZEZ D 2 (147)

37.2. What is the probability that one particular offspring of 1111 x 1112 will have white hair? (1
point)

1 x M2 B -REEEBARES D2 (157)
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38. Some allele combinations can result in a particular mental disorder in humans. The Table
shows the enzyme activities of different genotypes (reported as percentage of the normal
activity).

— T SRR (S PR B — (ER E R R LR AT R — (R e EE R » A [EJER R T A
HAH & & BB RS N RATRE SR E AR AR - GBI SMEBIE R B RS
grER) o AL A AN & S E U R R -

Allele 2 Allele 1 i £ 1

SHILAR 2 R§(31 P292L | R407W | IVS-12 | E290K | R158Q | R271Q | Y424C
R231X <1

P292L <1 <1

R407W <1 <1 <1

IVS-12 <1 <1 <1 <1

E290K - <

R158Q ~6.5 10

R271Q N 20 ”

Y424C y 0 -

All individuals homozygous or heterozygous for any combination of the first 5 alleles listed
above exhibit the classical symptoms of the disease. Individuals heterozygous between Y424C
and any of the first four alleles however have mild symptoms. R158Q/R158Q homozygous
show classical symptoms of the disease, while R271Q/R271Q homozygous and R271Q/Y424C

heterozygous have mild symptoms.

Sl S EEALARM A - fisn 2RSS ER I S S AREE—HENREGER! - HFRWT
BAIGER © B YA424C Ffr AR 4 FE BRI — ARG EA] - AR HEEHUEIR
R158Q/R158Q A4S & AIFIH ANER - R271Q/R271Q [A45 &8I R271Q/Y424C FE4ESHUHI

RIREEDIIEAR
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38.1. What is the enzyme activity in individuals for genotype combinations marked by X
(R271Q/E290K) and Y (Y424C/ R158Q)? (2 points)

R X (R271Q/E290K) M1 AIRY Y(Y424C/ R158Q)HYER Z0E M7 Bl Fofol 2 (2 97)

38.2. What is the critical range defining those with classical symptoms from those with mild
symptoms? (1 point)

165 o SR R RN A R A B 2 M SRR R RE AL SE R A 2 (1 99)

Page 47 of 66



IBO2012 Singapore Theoretical Test Paper 1

39.

In a particular crop plant, several genes govern the production of anthocyanin. In the
absence of anthocyanin, the seedling leaves show only green chlorophyll pigmentation.
In the presence of anthocyanin, the seedlings have a purple cast on top of the green
coloration. A gene locus called Colourless 1 (C1) appears to function as a transacting
inducer locus for at least two other loci (ChsA and ChsJ) that encode two enzymes in the
pathway for anthocyanin synthesis (see figure below). The pathway for anthocyanin is
blocked in homozygous recessive genotypes as shown for chsA in the figure. Assume
the following conditions exist: (i) independent assortment applies to all three loci; and (ii)

homozygosity for the recessive alleles at any of the three loci causes green seedlings.
FEICREY)T - BEARZERTEERVEL - [2AILFER > 4imER etk iEgR
AIEFRR > QeGP ASRE - 5%k Colourless 1 (CL)HVEA - AT —({#E
{EAF - SR AE{E ChsA F1 Chsd BELRHYFFR - ChsA 1 Chsd AR EY &S H
TEBE RO RGEL TIE) - B PR pIFEEses chsA FE S g PEEE RS
ke BREE IA 2 fRfRRaL © (1) Bl =RNRVE S BB o B HaHE - (i) E—2ERE AR
MRS SRR - HE Skl

Indicate the expected phenotypic progeny ratios for the two crosses listed in the table in

the Answer Sheet with a tick (v) and inappropriate ones with a cross (x). (2.0 points)

WEFEG EHTHEREGHS > S Bl AT PRSIV - SEVEET (V) - SBEYES

FIX(%). (247)

TEEY) A EEY) B REmR
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40. The marsupial moles (order Notoryctemorphia) inhabit the sandy desert regions of South
Australia, Western Australia and the Northern territory. They tunnel through the sand, filling in
the tunnel behind them and giving the appearance of “swimming” through the sand. The eyes
of the marsupial mole are completely covered by skin, measure about 1 mm in diameter and
lack a lens or pupil. The optic nerve is greatly reduced. Indicate the correct statement(s) (a — c)

with a tick (v) and incorrect statement(s) with a cross (x). (0.6 points)

£%H€(Notoryctemorphia H)JEEAEFH ~ PR LS TR 2 VVEVDE o HifTHE DR - 1%
T2 RERIAS - EHTTEBE ik o IWEEMIRIIRIE (e 2 BENE T - 512K
KBS L - AR EUSEEIRE - YA R HIRIE S LHREL - WHVFETTA(Y) > FEHEETT
(%) = (157)

a. The lack of a lens is homologous to the lack of ommatidia in cave flies
LRREIIRIFB G/ D /K SRS B iR D/ IR (4 a8 [EDEsEAL -

b. The greatly reduced optic nerve is a vestigial (rudimentary) structure
iR LR R R AR —(E R R s -

c. The eyes of the marsupial moles are analogous to the eyes of kangaroos

LREAVHRIS B3 R RIS (B [ DAL -
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41.

Interphotoreceptor retinoid binding protein (IRBP) is a single-copy gene, the product of which
plays a role in the regeneration of rhodopsin in the visual cycle in mammals. This gene was
sequenced in several marsupials and the resulting sequences were aligned for comparison. A
portion of the sequence of the coding strand of IRBP is shown below. Note that this is not the
beginning of the gene and that the correct reading frame has been indicated.

WAEE~ZRs retinoid bindin protein (IRBP)HS— AL AZRH » &S Bl 2 B G 2 I5ER T R E 1Y
AR - A [EIfELERERY IRBP AN A E bl - Hfr#i o ay#iEik(coding strand)Fr 41l ELE AN

NEIFTR > R REIEEAREEAARE - AR 2N (reading frame ) 1 E] R

41.1. Starting with the codon involving the frameshift mutation, write down three consecutive
amino acids coded for by this gene for Vombatus and Notoryctes. Use the genetic code
table provided in Question 1. (1.8 points)

WHEEE 1 FEHVE R - BEEREA IS 2888 5% (frameshift mutation) BE4G » 77 BI%S LA

Vombatus F1 Notoryctes Hr{y #8545 = ([ fz L EL 75 - (1.8 47)

41.2. Indicate true statement(s) with a tick (v'), false statement(s) with a cross (x) and
inconclusive statement(s) that cannot be concluded with a dash (-). (0.9 point)

IR > HHIEEFTAI(V) > $ERTEETT XU(*) > S0A T EsmHYEE 2 AL4R(-) © (0.9 77)

Compared with that of Vombatus, the protein product of the IRBP gene in Notoryctes will:
Bl Vombatus [ IRBP AHLL, Notoryctes [¥] IRBP
a. contain multiple amino acid substitutions.
B 2 {18 P R A ol At e R -
b. not begin to be translated as it lacks a START codon.
R Ryt D —(E#E4R START 54 » FrDAN & s -
c. be truncated as it contains a STOP codon at an earlier point.

N B A — {11 STOP % » At A Er e Feh s -
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ECOLOGY

42. The zonation patterns of littorinid snails on the rocky shores in Singapore were studied at a
vertical cliff and a sloping rock. Two taxa of littorinids were found on the vertical cliff (see A)
and an additional species was found on the sloping rock(see B). The snail distribution was
recorded in July, September and December 2002 (see A) when the mean temperatures of the

rock surfaces were 42 °C, 34 °C and 27 °C respectively.

W RTINS e R AP IR E T U BE oA 3 e M ARG - SERBUN A L R R A

\

EHEE(SFEA) > MEAREE0R N Eiik—E(2FEB) - BAYAiElE 2002 4F7 9~ 12

HoyFtacsk(SHIEA) - ERFa R EN PR HIE 42 °C, 34 °C ) 27 °C -
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Kite diagram showing the distributions of littorinid species on (A) a vertical cliff: (a) July, (b)

September, (¢) December 2002; (B) a sloping rock.
BT [F R R R B B (A) LA A R S A (B) 24 - (@)7 H ()9 H (e)12 A
-- “ Mean High Water Spring (MHWS) tide level. &z 15 =543
EM: Echinolittorina malaccana; EV: E. vidua; LL: Littoraria sp.;

Tide level(m) : /KL (A R)

42 1. Indicate correct conclusion(s) about the distribution patterns of the littorinids with a tick
(v'), incorrect conclusion(s) with a cross (%) and inconclusive statement(s) that cannot be

concluded with a dash (-). (2 points)
THE BRI AR AR A - IEMER DT AR, $EEREDIIT (X)) TR, AHEE
FHLURSR ()FR © (2 47)

a. Sampling period has no influence on distribution pattern of the two littorinid taxa at

the vertical cliff.
FEE EH B b o HUERIRF T R i R o A s 2
b. Echinolittorina vidua and Littoraria sp. have similar zones of distribution.
EV 1 LL BEAAEEH /A7 i
c. The upper limits of the Echinolittorina malaccana zone at the vertical cliff were

constant regardless of sampling period.
EMfEEE B e B EE S oAy EIRZEERT - A2 HUBER Ry 2
d. The preferred zone of occupation of Echinolittorina malaccana is smaller than that of

Littoraria sp. at the sloping rock.
RS E A E o EM FrEdr a9 Nk LL
e. Echinolittorina vidua is less heat-tolerant than its sympatric species, E. malaccana.

EV B3ty EMARRS - i By a0 R
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42.2. Snails were collected from the field and extracts of six tissue samples of each of the three
littorinid taxa were incubated separately at different temperatures. Glutamate
oxaloacetate transaminase (GOT) activity was determined and the results of the enzyme
assays are presented in the graph below. Indicate the correct taxon (EM, EV or LL) that

corresponds to the graph shown in the table in the Answer Sheet. (1 point)

TEEB S EE = FEIEAVIEA - SRR 6 (HAHSHEA AR EIRSEE N - e
Glutamate oxaloacetate il (GOT)Hy &M » HMELERE RS NE - FEFE L > §f

HIHATRES EAVEE R - A FEEVPIE(EM, EV or LL) -

40 4

GOT ACTIVITY {umol NADH/min/g wet weight}

il 25 30 a8 4 45 50 o5 B0

TEMPERATURE {°C)
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43. The ecology of a group of dung beetles was studied in West Africa by Krell-Westerwalbesloh et
al. (2004). The beetle community was divided into four categories: (i) rollers, (ii) tunnellers, (iii)
dwellers, and (iv) obligatory kleptoparasites. The rollers rapidly form balls from the faeces (in <
1 hour), roll them away from the food source, and deposit them in or on the soil to ensure
exclusive use of the dung. The tunnellers make nests directly under the food source and
transport dung into the nest where they form dung balls (= a few hours). Dwellers feed and
reproduce directly in the dung pat. Kleptoparasites use faeces portions monopolised by other
groups, e.g., by penetrating dung balls made by the rollers or the dung mass in the
subterranean nests of the tunnellers. The abundance (see Table) and flight activity (see Figure)
of these beetles (pooled data of 15 samples) at six different periods of the day were recorded.
Krell-Westerwalbesloh et al. (2004){£PIEbT 78 —BFE G SBAYAERE » EEHH &BE% o0 s VIS ()RR
¥i(rollers) ~ (ii)$&[EXH(tunnellers). (i)t = {E X (dwellers) DL K (iv) T B4 4= JFi(obligatory
kleptoparasites). FIEHRHIIE R ERRIFEBEEEER (E 1 /N - &R EEER Y&
T BRI RS B - DRI S (I - SUTIEE BT R IERAT TS 3
AR E RN AP EEEER CREYS/INGF) © RS (R SRR B e RBTE - F1Eh4e 4 te
EHMSRF R ARFEER - W58 A REPTP RS ER S A SRR P ZE - &L
—K 6 {EFELHVERZE » R&7E 15 (EERARTER > SRS 80y S8 (2 RFR) K Egh(2EH

BB
1 2 3 4 5 6

Period

0200-0600h  0600-1000h  1000-1400h  1400-1800h  1800-2200h  2200-0200 h

N % N % N % N % N % N %

Dwellers 51 646 31 145 4 003 78 209 1795 27.91 172 4845
Obligatory 51 646 536 2501 1351 1087 1230 3300 253 393 24  6.76
kleptoparasites
Rollers 34 430 997 4652 8559 68.87 1243 3335 22 034 45 1268
Tunnellers 654 8278 579 27.02 2514 2023 1176 3155 4362 67.82 114  32.11
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14000

12000

1

10000

(2]
= 8000
=
=)
2
E 6000

4000 W

2000 AR

0 . . . - T T
1 2 3 4 5 6
Period

B Rollers; L Tunnellers; B Dwellers; Kleptoparasites

Indicate correct conclusion(s) that can be drawn from the study with a tick (v'), incorrect
conclusion(s) with a cross (%) and inconclusive statement(s) that cannot concluded with a dash
(-)- (1.8 points)
NEIRCHE » IEMER DT RV )R, R DT X (%)FoR, e & LURSE (-)F - (1.8 77)
a. There is intense competition in the dung beetle community.
FESIWAVEET - ARSI T
b. Rollers dominate the community of dung beetles.
R TS E
c. The four groups of dung beetles cannot co-exist as they all exploit the same resource in
similar ways.
VUL 4 AR T A AUHAEE &R - R REdEF
d. One or more of the groups will eventually be out-competed and eliminated in the
community.
FESEER & » — s THDL EAVIE R AR i R Bt e B F 05K
e. The results of this study support the principle of competitive exclusion and provide
evidence for resource partitioning.
BEAE SR S RPE R R - W ERA PR R R
f.  The ‘realized niche’ of each group is similar to their respective ‘fundamental niche’.
IR B iz (realized niche) BLEC AR (fundamental niche) 2 A [EiY
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44. Mount St Helens in southwest Washington state (USA) erupted catastrophically on May 18,
1980. The eruption produced a landscape with low nutrient availability, intense drought and
frequent surface movements. Permanent plots were established at several sites above the
treeline around the crater to monitor recovery after the eruption. The figure below shows the

number of species and percentage cover at one of the sites from 1981 to 1998.

B K LLAE R EE BETR M PE R R » 72 1980 A5 5 H 18 HMEE - SRS iR it pl— RNy S - 1]
MRS &) ~ TR DU AR BB - 5K WL AT A R A AR = B (R 28 5
T #PaE L T A AREE - AREDADKUNERRHVEIRIEE o NE R 1981~1998 FEAEH B MIatE )

TEHB Y8 &L RVE BT -
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Indicate the correct conclusion(s) that can be drawn from the figure above with a tick (v') and

incorrect conclusion(s) with a cross (x). (1.2 points)

NHIRG - IEREEDET AV )R, SERE DT (%) - (1.2 47)

a. The eruption killed all of the vegetation above the treeline.
KLLIR SIS ARk 4 (treeline) DL AP A TEY B 7% 5E
b. Secondary succession occurred rapidly after the eruption.
KRR - RGO R BEHELT
c. Neither space nor light are limiting resources for plants in this environment.
e ER S rp 2 B 4 B R IR R 4 RV
d. Only a few additional species invaded after 1982.
£ 1982 £ LUE » HAVEESTET I ARSI R
e. Total plant cover in this area has increased relatively slowly due to harsh conditions on the

volcanic deposits.
FE K L2 ) (RS R ER IR AV ER S, - SRS I A 8 S T AR A it 4% 1
f. A stable plant community of 20 species has been reached at the study site indicating that

the climax stage in the succession process.

BT HITE YIS 20 FEFEYIRVIRE R - BUR IR T F A R AR AR
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45. The schematic figure below shows a simulation of a marine community done with the objective

to study the relationships between its populations.

YRR E R e R B A P R R S L

ERSIN-G T EMER KRS
R e H R SRR B

Starfish-Asteroidea; Mussels-Lamellibranchia; Barnacles-Cirripedia; Gooseneck barnacle-Cirripedia;
Rockweed-Phaeophyta

Based on the above figure, indicate correct statement(s) with a tick (v') and incorrect

statement(s) with a cross (x). (1.8 points)

FRIZ_EREDAIET - ToIR  EREE LT ()RR, SEEE AT (%) - (1.8 77)

a. The community, in its natural state, includes four species of the Kingdom Animalia.
TEH AR - IR S EiEEY5R 4 TEptd
b. All the animals of this community have three germ layers and are deuterostomates.

FERLER R > FrARVEHY S A = EHLE I S & T E)
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C.

Phyla of animals represented here are Echinodermata, Mollusca and Arthropoda.
FEILEAEY) T BB ~ WGP R BRI

In their natural environment, starfish is a keystone species

TEREEZRIRES - Vg Ryl g e

In their natural environment, mussel density is larger in the middle intertidal zone than in
the lower intertidal zone because starfish live in the lower intertidal zone.

FELEE 2RSS i B Y & B R PR R A © B2 S AR
At the end of the study, the community collapses and only one population increases its
ecological niche.

FERR RS AR - EERETS FUE - A —TRIGREERS 0 1 Ry AR REAE L

The competitive exclusion of the other populations by the mussels was demonstrated.
e SRS e H RS s TR T AR R

Mussels occupy the fundamental niche including both the middle intertidal zone and lower

intertidal zone.
fia HAGA AR B B4 i S Ry
Natural conditions include biotic interactions like inter-specific competition and predation.

ERAE ELAE AR 2 S B R F AR (R R e RO P
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46. Growth rate of most intertidal organisms generally declines in an upshore direction. Lim and
Green (1991) studied a population of the Baltic clam Macoma balthica (a common bivalve),
from two levels of the shore at Hudson Bay, Canada. Annual shell growth rings are distinct in
the two sub-populations (see figure below) and the clams from the two zones do not differ
genetically. The Baltic clam normally buries itself and is generally hidden from predators. It is
the intermediate host to trematodes; the daughter sporocysts of the parasites are found mainly
in the gonads of the clam, causing partial or total disappearance of the gonads. Shorebirds, the
definitive host of these trematodes, are present in large numbers at the upper shore during ebb
tide. The clams in Hudson Bay have been observed to make conspicuous tracks on the sand
flats at ebb tide. The number of metacercariae (the next stage in the parasite’s life cycle)
encysted on the inner shell surface of crawling and burrowing clams from the two shore regions
were counted.

R THET YRR — R HAR TR R = R - Lim kK Green (1991) tH9t—1& % A,
FEER ELRE Ry R 2R H (Macoma balthica) 3R {E IS RS B AR, XA
WA E A [E] S AL A o B WA (EZUBREE © H 7% EAVF A RIRAE FE R (E A SRR RE A B = 5
(25 TIE) , BRI FIEE RO RS - R ERn e s K E, BARRD AR SRR KR, 2
W g XH A T [E S s M2 2R ey AAnikghas £ 22 M ERAE It B AYORE R, JSEp Ol S 7 e
HOHE o HRERHVAE £ REIERIS, SRR REREEEEHN SR < Ik, BIFIETEE
ENY R EENE Rt EIE TG T IHEERIRED o SlhE e T RIS E A R EENYE R AR

~ (KRR G < A2 52, ST AN B AT R AT N R < iR @k (b i AR U S Y
P& Z B H TR - 48R T E:
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et TER
=T
(9753

Symbols represent number of clams: o, 1; e, 2; x, 2 3. The vertical line divides clams that were

smaller and larger than their median length at their respective tidal level.
& YRR R B EE 0, 1, e, 2 x, 23 o HAKREIEKH Ry &8 70 Ry N K R A
’E% o

Indicate valid conclusion(s) about the behaviour and biology of the Baltic clam with a tick (v')

and invalid conclusion(s) with a cross (). (2.8 points)

e THIER RENER raul: IEREE DIV )R, s D<)

a. The growth rate of Macoma balthica in Hudson Bay conforms to the general rule observed
for most intertidal organisms that lower intertidal organisms grow faster than those at the
upper shore.

FERSTEHAE I EERE B 2 A RRFF & — R ERIE AR 2=y 35 A, B (R A= E Y (G =
b= E =R

b. A relatively higher proportion of clams was parasitized higher up the shore.

A S e e A e Y R ar R EE B S AR (e &
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c. Crawling behaviour of the clams could enhance the completion of the parasite’s life cycle.
BRI AT T R Bl o A s 50 plcH AR TR S

d. Clams that are buried in the sand generally have more metacercaria cysts regardless of
shore level.
A e S S, A D Yy FUSUE AR RIS

e. Increased exposure of the clams at the upper shore to shorebirds, the final host of the
trematodes, could probably account for the difference in parasite load between the two
sub-populations.
TE A R SR HUE, HEBURIR 7S 8 S0 (R i 44 27 5 )V RERB S 10, T RE Sl — A
KIRE < AR B E 4 s FA B2 R

f.  High parasite load promotes increased somatic growth as reproductive output is reduced

due to host castration by the trematodes.

A s R E (e i FUAN ERSROR, (AR (3 EEEETERE ), AR MR

ol

g. Environmental factors probably played a greater role in determining clam growth rate of the
sub-populations than heredity.

BRI AT A] RE S FUIE A B OB RE 2 A R R A 5 B BRI A
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BIOSYSTEMATICS A4¥& 4k EEe

47. Match the following characteristic features with the correct organisms. (1.2 points)

i N YR R ey £ )

Features: 55481

book lung, claws formerly made of three parts, but now reduced to only two, gizzard

HER; e 3 M Al E AR R LR 2 B BB T b #E

. reduced ribs, undergoes a metamorphosis during ontogenesis

RACHIR S, (E(EG AT T 3R
hind extremities covered with scales, respiration organ using ventillating air bags, movable

upper jaw (maxilla) and lower jaw (mandibula)

RO A R A, DUBRRZEE RIPREs e, i8Ry B3 T3

IV. thin, tube-like excretion organs ending between mid- and hind-gut, body made of three
parts (tagmata), a pair of antennae.
HERIVBER SR E, ERCIAAE T RZBLZHE ~ [H]; #afG (tagmata) 7 Fs =807, B—¥fE

V. specialized epithelic muscle cells, nettle cells, radial symmetric body
RHALHT_E R AILAIATRE, RISRAE; A fIEET BT

VI. uses ampullae of Lorenzini to sense electric fields and temperature differences, cartilage
skeleton, spiraculum
I FH 7 1o EC B AR RN BR 11435 BOR TS 72 52, 0 sRAL

Organisms:

a. white shark (Carcharodon carcharias) H#%

b. house fly (Musca domestica) il

c. bird, common redstart (Phoenicurus phoenicurus) 7K§&

d. brain corals (Faviidae) f&4 i

e. european garden spider (Araneus diadematus) ik

f.  common frog (Rana temporaria) &iE
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48. One of the known hypothesis of the origin and evolution of plastids is shown in the Figure below.

“IE] Ry B A (plastids) Z R soE A LAY :

&L SREtEY)
R &3
H
BRI
ALY
W%

The processes that facilitated evolution are represented by the numbers (1 to 4) in the diagram
above: (1) for primary endosymbiosis, (2) for loss of primary plastids, (3) and (4) for secondary
endosymbiosis. These processes resulted in the presence or absence of certain plastids in
various taxa.

EE TP RE (1 ~A)ERATS A REAR RO, oAl R (1)RI8RAIA AR SR, ()L WIRAVERS; (3)
Fe (4) REFIIN ARG - 18 i EEE A [E) 7y fiEs - M B A Bk = 8k -

Match the taxa (a — d) with the corresponding type of plastids in the Answer Sheet. (1.2 points)

B LRy (a — d) A FIRE R En & B
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49. Cladistic systematic researchers apply comparisons among groups in order to differentiate
derivative characters and shared primitive characters. In doing this, they use an external group,
closely related with the one they are studying.

SR & RRIRE N B R R LR & Bl & 1A R BU = R tH e R B - thFIiE M
—{E BT SRR AR AT SR AR E A SR

Condition: The external group is less related to any member of the studied group than the
members of the last one are between themselves.

PR SNEE REERTbTFE B B TP AR ple S I R BRI % BT AH AT H R

Supposition: The primitive characters that precede the divergence of both groups are
homologies.

{Beas: AivA 28177 K Ry B R A6 R e AR 2 B i [EDR PR A -

Taking into account these theoretical concepts, some researchers studied a group and the

information they obtained is presented in the following table.

B B RS, W7 A B AT ST R R BRI I R R -

Animals represented by double digit codes

RSB
Characters 5513 A1 A2 A3 A4 A5 A6
a. Hair £& 0 0 0 0 1 0

b. Amniotic egg with extra
embryonic membranes 0 1 0 0 1 0

% THEINIIRERR 2 DN

c. Four legs for locomotion

IDRUST3EE) ° 1 ° ° 1 1
d. Jointed jaws T3HE A 0 1 1 0 1 1
e. Vertebral spine % 0 1 1 1 1 1
f. Notocord %72 1 1 1 1 1 1

Note: 0: absence of character; 1: presence of character
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AR By 0 RFGAEZFE 1 (UEREAZ R

49.1.

49.2.

49.3.

49.4.

49.5.

After analyzing the information above, identify the external group. (0.2 points)

Lot ERZ AR, fEHI— 8RS SNEE?

Identify the characters (a — f) that are shared between the external and internal groups.

(0.2 points) W{EFT(a — f)/E SN SR FERYAEE TSk Hy?

Identify the primitive character present in all members of the internal group alone. (0.2
points)
FEHWEAE NEF FHIRTA RS LB AT —E R iaRH

Identify the last point of divergence of the cladogram given in the Answer Sheet using the

most appropriate character. (0.2 points)
fE B B P i 2 oy B RERVRF L, B — s e

Fill in the cladogram which best represents the relationships between A1 to A6 was

derived using the information analyzed. In the Answer Sheet. (1.8 points)

TRIZATIATHTEEN, BAEURYIMEAT ~ A6 GBI AHY S B ERE EATR, 2R
AR 4RS -

END OF PAPER
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