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INSTRUCTIONS:E7 BH
1. Fill in your STUDENT ID and your country in the Answer Sheet.
E& %% FE A STUDENT ID & country

2. Each question contains four statements which you must indicate as True or False.
FEEAU/NE - BB H EE EE B fE iR

* If you answer correctly to all four statements, you will receive 1 point.

POREE¥4E 1 9y

* If you answer correctly to only three statements, you will receive 0.6 point.
=74 0.6 3

* If you answer correctly to only two statements, you will receive 0.2 point.
¥ REHG 0.2 57

» If there is only one statement with the correct answer, you will not receive
any points (0).
H—Er TS

« There is no minus system. ;875 &l#1

3. Tick (V) the correct answer in your Answer Sheet using a pen (in ink). If you
need to change an answer, you should strikethrough the wrong answer and write
in the new one (see the example below). In the table, T=True, F=False.
EEE&EDITY (V) AREE - MREEREE » MEK LIS E LSRR
% EHMERE - 2EFTERE - T=1EHE, F=§#ER.

No. | Statement| T F
1. A N
B f N

C v
D v N

4. You may use a calculator in your exam.

H DAGE T AR

5. GOOD LUCK.
Pidr
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CELL AND MOLECULAR BIOLOGY #liffa 8 573 14 Y28

1. Inorder to study translation and translocation of proteins P and Q (both monomeric), in vitro
experiments were carried out by Guenther Blobel and colleagues that eventually led to the Noble
Prize in medicine. The following cell-free preparations were first obtained:
af H R B 224545 F Guenther Blobel BLE[FER » HbHsE PEHEQEN (MEH L)
HEREEL G - EEVETIET TYIESS - DU N 2 S BRI |

» Preparation I(A): Isolation of functional ribosomes to which protein P synthesizing mRNA
was still attached.
R I(A) - &8 P&EH mRNA [ H EIhRE MR E G

* Preparation I(B): Isolation of functional ribosomes to which protein Q synthesizing mRNA
was still attached.
B 1(B) - A QEH mRNA [ H BTiReMERvZ RS

» Preparation II: Isolation of microsomes [ER fraction] free from mRNA and ribosomes.
BRI - A E mRNA BERZERGHIIU IS (KB ER)

» Preparation I1l: Isolation of ribosomal subunits containing translation initiation factors.

BRI SEEREUAN T HY e BRI

The reaction mixtures were prepared in test tubes 1-4 as shown in the table below and the
proteins synthesized were analyzed by SDS polyacrylamide gel electrophoresis followed by
autoradiography.

i LA R H A FEH &S R MR - IRFPECEAESVE 14 5th - W HEEEH ' E SRUETT
EEV)4E SDS-PAGE 7312 » AELABUN I AR B imah A

Test Tube [TT] No. 1 2 3 | 4
Preparation | (A) + | o+ |+ | +
Preparation | (B) + | o+ |+ | +
Preparation Il - - + +
Preparation IlI + + + +

Radiolabelled amino acids and other factors required for translation
KB RYVE R EN R AN, - BT TR T
Protease & [ fii - + - +
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Results of autoradiography analysis are shown below.
iR AR SN
TT1 TT2 TT3 TT4

P4 I .

Indicate whether the following statements are true or false.

a3 AllElE MY IARRGL - /2 IERE 2 88ER

A. Protein Q is post-translationally modified.

QEHHEERE

B. Protein P has a signal peptide sequence.

P EH AR EREIRF

C. Protein Q is most likely to be cytoplasmic protein.

QEH BN EH

D. Protein P could be a secreted protein.

P EH A RE RINAEIEH
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2. A helix-wheel projection is a model of amino acid sequences of the alpha helix domain of a
protein. The model can be used to show the distribution of amino acid residues along with its
hydrophobicity throughout the helix. Reading the model is like looking at the helix vertically
from the top so the helix will appear as a circle. The side group of each amino acid residue will
face outwards as shown in Figure 2.1:

iREEm e AR A ] DU AR E E o SEESEREIR - PEREA AR R B A ML 7T EAYR
SRt MR e v oo T B L UK MRV - TR TR B R IULES s > g 2R HRP -
RIS BRI R BEEANE 2.1 thas Ry -

No. of amino acid
residue

Amino acid

Side view Top view Helix wheel projection

Figure 2.1. side view, top view, and helix-wheel projection of an alpha-helix protein

2.1. o BEEE HESEAVHAI - S EE e s

A full circle of a helix consists of 3.6 amino acid residues. The following sequences show one
alpha helix domain consisting of 18 amino acids from three different proteins (A-C).
Information about the hydrophobicity of all 20 common amino acids is shown in Figure 2.2.

IR fEsS Y B —(EER 3.6 (A2 AR - =(EH 18 {Ma AR AVEH (protein A-C)
HEERFY R - ARESEEARIGEEAI2HE 2.2 -

Protein A M.QSWSLLQSLVSSI | Q
Protein B: TGAAAYAVVLFI MAYYNS
Protein C. KSSRKTPKKATARKSQRT
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You will be provided with an extra sheet of paper with empty helix wheel projections for
fragments of proteins A, B, C

R EE—REIESE - EES LEFMNERD A-CHZE IR -

Indicate whether the following statements are true or false. An alpha helix:
g o pllElE NAIAERIROL - 2 IERE B¢ R

RS B Y o 2 -

A. similar to the one in protein A can be found in the transmembrane region of water-channel
proteins i.e. aquaporins.

ATEH AT LME/K i & H A ER R ISR 63427 > 401 aquaporins

B. similar to the one in protein C can be found in the outer surface of cytosolic proteins.

C E A eI E & 0 R a5 R

C. similar to the one in protein C is amphipathic.

C E A EF B KM B HK T

D. similar to the one in protein B might be found in the transmembrane domain of a receptor.

B & HREE 2 AGHY B R L i e 553
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Figure 2.2. Structure of 20 common amino acids
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3. Arresearcher was asked to evaluate the purity of three EcoRI restriction enzymes from three
different companies (Antigen Co., Genomics Co., and Expression Co.). Some contaminant
enzymes which were thought to be present in the ECoRI tubes were exonuclease and
phosphatase. Exonuclease cuts the overhang base (single strand) from the restriction product of
EcoRI while phosphatase removes the free phosphate group on the 5’ end of a DNA strand. The
evaluation was performed in three steps:

WFZE B RS L B B =5 AL ERS (Antigen Co., Genomics Co., and Expression Co.) FfiHEfit
1y EcoRI EHIERAVAERE - (R AR H EcoRIl MVElE @A G /NGB e R 5 -
BRSNS E V48 EcoRI {ERI1R SRR HIARAVRE: (HAG) 451 - BEIEESHI &/t DNA
F BAHY 5 Ui FRIERLAR o AR nI&S DL = (@ BR e T -

« Step I: Plasmid X which contains two EcoRI restriction sites was incubated with EcoRI
from each of the three companies, resulting in 5’-P-overhang.

BB - XERGA M EcoRI FRHENTIAL - 5358 =S¢ {{EpGHY EcoRI fEFITR > BatH 57
Hﬁﬁﬁ/‘jgﬁi—% A0 E

» Step II: Plasmid X from step | was ligated again using DNA ligase.
AEE N R EACYTEER XEEG - DL DNA HRalE {7z -

» Step IlI: The ligated plasmid X was once again cut by EcoRI from the respective company.

AER NN RPERERAVERG - ISR OERHY EcoRI 1 TIRFIEGUIE
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The researcher ensured that he performed the reactions so well that there was no partial
digestion. The resulting fragments from each step were then analyzed by gel electrophoresis
shown below.

AEAAEMEGEFTANERE CAE 2 UIE - B8R B pl LB E TIRM > 0 MEFos -

EcoRI products of Antigen Co. EcoRI products of Genomics Co. EcoRI products of Expression Co.
K 1 2 3 K 1 2 3 K 1 2 3
] [ [ | (] -
[ [ [ | [ | [ |
[ [ | [ | N e [ |

BN -DNAband (DNAZF)

K = Control, plasmid X without cutting by EcoRI  (¥}H8%H » 4% EcoRI tJE[HY X '&E5E )
1 = DNA fragment from results of Step | (B2 | B DNA | EREE K455 )

2 = DNA fragment from results of Step Il (SUEE 11 B DNA F EFEEKEEH)

3 = DNA fragment from results of Step Il (UEE 111 7Y DNA | ER & K& )

Indicate whether the following statements are true or false.

a3 AllElE MY IARRGL - /2 IERE 2 88aR

A. EcoRI from Expression Co. contains exonuclease as contaminant.
Expression Co. /7 EcoRI SZZIf%EE S MBS Y

B. DNA ligase only joins overhanging DNA ends.
DNA iz H 2B B A TR ALHT DNA Uity %

C. EcoRI from Antigen Co. contains phosphatase as contaminant.
Antigen Co. [1J EcoRI <2 Z(|BHaREI 5 2

D. EcoRI from Genomics Co. is free from exonuclease and phosphatase as contaminant.
Genomics Co. 1Y EcoRI jZ 5 Z FX M M) B Blbe R G Y05 54

7/10/14 6:46 AM 9
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4. The diagram below shows three DNA vectors containing an antibiotic resistance gene, R.
TNEH={EEADERNZERA R £ DNA ##G~EE

I'I I'I I'I
T T T R = Antibiotic resistance gene R
1 [ DA E 2R R
o o O = Origin of replication
Rt
|1 C = Centromere
c R
T = Telomere
Uit hiL
R R R = Linear DNA (vector backbone)
1 1 1 41t DNA  (#HEg &)
T T T
Vector 1 Vector 2 Vector 3

You then transformed each of the vectors into a yeast culture in three following steps:
HIPU R = (B0 8% o3 BRI e AR R -

o Step I: Three batches of competent yeast cells were made.

BRI =TT

»  Step Il: Each batch was mixed with one of the vectors and transformed
RN AR A B — TS - I T

» Step IlI: Transformed yeast cells were then grown in selective liquid culture containing the
antibiotics and the cell concentration (cell/mL) was measured. As a control, untransformed
yeast culture was used. The initial cell concentration for each transformed culture and the
control was set at the same value.

ZER N EHR AR EN S A TUERRAE BT - WA RAIRRE
(cell/mL) - REHFEALHALAITE R EHIEEH - A HAMARR AL B BRBr anlks #RFE 4 R A ] -

7/10/14 6:46 AM 10
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Growth of the yeast cultures is shown on the graphs below. All axis are on the same scale for
each graph. Transformant 1, 2, and 3 were transformed by Vector 1, 2, and 3, respectively.
(&A1 A4E R Hh 4R 40 N E AR - Transformant 1, 2 B 3 » 73 IR 5y Vector 1, 2 81 3 FYEEIESS

- -
S S
= =
© ©
[8) [8)
D D
o o
- -
Time Time
Transformant 1 Transformant 2
- -
S S
= =
© ©
(8] [8)
D D
o o
- -

Time Time

Transformant 3 Control
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Indicate whether the following statements are true or false.

a3 AllElE MY IARRGL - /2 IERE 2 88ER

gl JJ

A

In Transformant 2, the vector was not evenly distributed during cell division. Only the
daughter cells containing Vector 2 were able to survive and grow.

Transformant 2 1E4HAE 53 240F » FASAREEFIT57HC - (EE7F Vector 2 VT4 A AE

In Transformant 3, daughter cells containing more copy of Vector 3 than the parent cells can

be found.
Transformant 3 T4 (RAHRE & A B % E BIE#T Vector 3 -

The inheritance of Vector 1 into each daughter cells of Transformant 1 only happened at the
initial stage of cell growth in the liquid culture.
Transformant 1 fir&HY Vector 1 H gEAEEFE W HA 7 FC E1)1-AHiHE

The presence of centromeres and telomeres in Vector 3 helps the vector to be completely
inherited from the parent cells by the daughter cells.

Vector 3 [N fy & 4nBhEdumAlL - DRI RES s e aG Hoi QA AR A (0 -4

7/10/14 6:46 AM 12
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5. Five intracellular molecules A, B, C, D, and E are normally synthesized at a constant rate of
1000 molecules/second but with different lifetimes or survival rates inside the cell. The lifetimes
of molecule A=300s,B=200s,C=100s, D =50s, and E = 10 s. The presence of signal X
increases the synthesis rate of all five molecules by ten times without changing their lifetime.
HAEAREA T A, B, C, D Bl E - FEAlHE 1 BAHE E HIERF #Y &R 1000
molecules/second » {EZ{t {75 B AYEFan (BUFEEE) MAAEE o AR E 5 2
=43RI Es molecule A=300s,B=200s,C=100s,D=50s,and E=10s - [itHF » A —(EFf

X SHSRHIS % - SR EELES TIAREE » (BRI G MG -

Indicate whether the following statements are true or false.

i 3 AllElE MY IARRGL - /2 IERE 2 88aR

A. E has the highest intracellular concentration at the steady-state

EFEM EARREA B s AR AR

B. The number of molecule B at the steady-state is 200,000.
B AETRLEIRREHYEL H &y 200,000

C. One second after signaling by X, molecule A will have the largest increase in concentration.
X STRHEE - AWTERREE IR A

D. One second after signaling by X, the amount of E is less than twice as much as the steady
state.

X EORsiE—FE - EAVBEE/ N RLERRRH T (5

7/10/14 6:46 AM 13
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6. Graft rejection often occurs following organ transplantation. The donor organ is damaged by the
recipient’s immune response which rejects the foreign antigen present on the organ. However,
there is almost no case of graft rejection during transfusion of blood with the same blood type.

PR ERE R 2 AR BERIER - WRIFLEEE _EAVINMIGURPTS BHIPET - (ER0E
FHIE BB A R R EMEE - 2800 > R A N E A s s AR e R SR -

Indicate whether the following statements are true or false.

a3 AllElE MY IARIRGL - /2 IERE 2 88ER

A. Red blood cells can be recognized by recipient’s Natural Killer (NK) cells but are not killed
due to presence of inhibitory molecule at the surface.

SLIMERAE B2 524 1Y B AR T-AIHE (NK) #ra - (B2 N Rk m B HIHIA T
BCEA Ry NK 4T SE

B. Most proteins present on the surface of red blood cells are similar between different
individuals.

RER (i HIALIM PR A A A (E RS E AR L]

C. Red blood cells do not contain MHC | proteins.
ALImEkER = MHC | ZE

D. During blood transfusion, only the cellular component is transferred but not the plasma
component.
wEfET > FEEMNEERS - e/,

7/10/14 6:46 AM 14
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7. Helicobacter pylori is a Gram-negative pathogenic bacterium which causes gastritis, stomach
and duodenal ulcers. Its ability to colonize hostile environments within the stomach cavity is due
to production of several virulence factors. At the initiation stage of infection, H. pylori secretes
urease which acts as pH buffer to survive in the acidic environment. Urease also helps modify
the mucus layer of the stomach by reducing its viscosity hence and facilitates bacterial
penetration into the stomach epithelial cells. Another virulence factor produced by H. pylori is
type-1V secretion system. This structure injects the bacterial toxin into the host epithelial cells.

AP TR AT i Ry — TSR TRV R PR TR - BeRRAES 58 H % - B ElE -+ —f58a8% -
CRERMEFEEZAERES - WEAZEE N T - &2 FIWP TR E R - 2]
SHANE & PR 2508 > PREFEGIE pH &EYERAEEF ORI IERERE T - [
PREBEU G E TS HRHEE - FERREEE LUE IR E F A 2 & Ay £ R4 - 55
—HEE AT EHMEA SR RS ES - EEEEERNE R LA PE A
R4

Indicate if each of the following statements is true or false.
a7 BIEIE NYIAERIRCL - /& IEHE B¢ #8ER

A. H. pylori is an acid tolerant, not an acidophilic bacteria.
e e sy EEX N IES IR E L2 i eS|

B. Concentrations of the CO, and ammonia in the stomach corelate with the abundance of H.

pylori
B 0 SR LR B S A i B A P M AT R I B 2 A B

C. Before injecting the toxin H. pylory is able to specifically recognize the epithelial cells.

AP R E AL ST R AT - et L R dHE

D. Type IV secretion system of H. pylori is homologous with cilia in Paramecium.
AP TR AR 5 DU S B B 5 T e A

7/10/14 6:46 AM 15
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8. Prof. Tobi successfully isolated two new antibiotic candidates, tobicin and edeine from two
different bacterial cultures and studied the effects on protein synthesis by detecting the presence
of radioactive amino acid residues in globin using reticulocyte lysate (cell-free translation
system), globin mRNA, and radioactive amino acids. The figure below suggests that these two
antibiotics work by inhibiting protein synthesis. The arrow indicates the addition of inhibitor at a
concentration of 10 microM. No inhibitor was added for the control.

Tobi Zix HA FERVAE g - s B R 214228 - 734l £ tobicin B edeine -
Ry Tt E B SR & - i 2K B SR 2R (AR 240 ) AL
SHUEMEERERKEN ~ BREEEHY mRNA LA G S S AN ETE R - TE AR
PUAERIIHIE L E SERHYEER - 579k KAl 10 uM JRERYHIRIE] o SRR R
(EENER R

c

£

S

CC” Control

= Add

ES inhibitor .

5 Edeine

: |

o

2

@

@x Tobicin
0 2 4 6 8

Time (minutes)

Indicate if each of the following conclusions is true or false based on the result of the
experiment.

MR E RS R - 3 plllE MY ARG R - 2 IR 2R

A. Tobicin inhibits the elongation of translation.

Tobicin fIFHI#EEERTIE R

B. Edeine is a competitive inhibitor with lower affinity to ribosome than tobicin.
Edeine J&— a7 IUAIHIR - & EZiEaGH s E R tobicin

C. Edeine and tobicin are broad-spectrum antibiotics which inhibit growth of either Gram-
positive or Gram-negative bacteria.

Edeine £ tobicin [FIg iR BRI TTAZ » SRR S A E B M EH A 2

D. Edeine inhibits the initiation of translation.

Edeine {EBEERAA AL ANHISCR

7/10/14 6:46 AM 16
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9.

Formation of the neural tube involves a sharp ventral bend as shown in the diagram below. This
bend is associated with formation of wedge-shaped cells of the “floorplate”.

BT EGHETE - GRS I - AR N EFTR - SEE g P AR
£ RN P ECETR

7/10/14 6:46 AM 17
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As shown in the diagram above, the floorplate lies above a structure called the notochord.

W EEFTR - BRI A R BT -

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

a3 AllElE MY IARRGL - /2 IERE 2 88ER

A. If the notochord is removed, invagination of the neural ectoderm will still occur.

MERBR  MESMEEN AT E R T T

B. Microtubule orientation would be expected to change in the floorplate cells as they become
wedge-shaped.
DCEHRFIHY T [r M e R AR R SR e BT

C. Adding blebbistatin, a chemical which inhibits myosin function, to the developing floorplate,

wedge cell formation would continue.
IR IR B E  DhRERY LERSE L “blebbistatin™ - 18R & BEP AR L

2 B 48
a1

D. Administration of EDTA disrupts neural tube formation.
N0 EDTA EIHB LSBT

7/10/14 6:46 AM 18



IBO 2014 THEORETICAL TEST
BALI, INDONESIA PART B

10. Two temperature-sensitive yeast strains are unable to enter the mitosis prophase at non-
permissive temperature. Mutations in both mutants are related to different genes. Analysis shows
that a mutation in one strain inhibits the expression of Protein A, while mutation in another
strain inhibits the expression of Protein B. Observing the abundance of each proteins in wild-
type cells, the following result are seen.

WA AR SO SR IR BB A S B SR I - SR AT SR AR - BRI R AN S
ZESEIR o T HAE A [FEEA Lag AR 288 o QI sl - — RISk A BB O RG] -
SRR AE B EEREGANG] - TEAMEES (A~ B) EEEIRENLER -

/Tl\

|

Protein
Concentration

(per cell)

=ssss Protein A

= Protein B

|
1
1
|

—_— iSR0SI Time (h) Se s

In the wild-type cells, Protein A is a kinase which phosphorylates other proteins. Protein A is
only active when Protein B concentration exceeds the concentration of Protein A.

BRI - AERE NS - SRR {EHAES - B B EOREEE A EHRER -
AEALg/EE -

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

a3 AllElE MY IARRGL - 2 IERE 2 88ER

A. Protein A could be phosphorylated.
A EHREHRRE (b

B. If kinase activity is required for cell cycle progression, the yeast cell with mutated Protein A
will be arrested at G2-M boundary.
B4Rt B e TR SRS - AL SR E I G2-M {27 52

C. If amutant expressed Protein B in high level constitutively, cells are likely to become
smaller each generation.

B &EH = REREN - SHE AT SR

D. Inreal cells, the complex between A and B could be inactivated by tumour supressors

FEEEEIET - AEHE B EOEEYIGHAERIIHIN 25T
7/10/14 6:46 AM 19
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PLANT ANATOMY AND PHYSIOLOGY 18 ¥f# | e A THEE

11. The figure shows a representative cross section of an angiosperm plant.

N EE AR T E YRS R D)

Indicate if each of the following statements is true or false. ¥ g7 T % Z AV E 5 -
A. This structure most likely represents a dicotyledon plant.
ISR A e B DY) -
B. Cells of number 5 have thickened walls made of lignin.
AR SHIAMAL  EAHREE S B ARE R -
C. Number 2 will differentiate into a lateral root.
Amo 20 AR R B Ry SR
D. Based on physiological age, tissue number 5 is older than tissue number 1.

TR QA A B - mooRIAiRRR s IHVAIHEE -

7/10/14 6:46 AM 20
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12. Mutation at the phantastica (phan) locus has been identified and characterized in Antirrhinum
majus. Each phan mutant produces a variety of leaf phenotypes. The figure shows a model
developed to study the effect of phan mutation and the action of dorsalizing function (DF) in
leaf development. Early leaf primordia are depicted as yellow hemispheres viewed from a distal
position. Dorsal areas of the primordia experiencing DF expression are coloured blue. Different
leaf morphologies are shown below the patterns of expression of phan mutants.

4 F E (Antirrhinum majus){Fphantastica (phan)ZL R AV ZEEE 40 T Ao~ o &F{EphanZe s
%F‘”??E%Hjﬂ<riﬂﬁﬁéﬁz§ﬁﬁé’ i o RyphanZ€ S E LR EF R BV EF(REH
(dorsalizing function (DF)) - {2 HhEI(AE E)ACE @ W= ORR B EEEAILL
B o [B N5 A Ephanz€ BRI I EFIPRE -

Indicate if each of the following statements is true or false. ¥ & T 7| ZF M E B -

A. These variations show polarity of leaf development.
BB R BURE TR FHYRRE -

B. The dorsal area of leaf primordia determines the development of laminae.
HRiGH e HREREER INERVEE -

C. The ventralized leaf primordia will result in phan mutants lacking laminae.
HIFRCHVE L EHphanZe @k FHER -

D. If patches of ventral cells are attached on dorsal area shown in mutant 5, it will result in phan

mutants lacking laminae.
5 JF G Y B T B A R IR AT RS AT (I ZE RS FTR) - & E & phanZ€ kg A
AN

7/10/14 6:46 AM 21
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13. The figure shows a cross section of parasitic plant haustoria penetrating the vascular bundle of
the host plant. The intact vascular bundle is shown in the inserted diagram.

N Z V) EE R T AR Es AR EF EEYINGEE R o IEEEE RGN N
FEPRTR -

Indicate if each of the following statements is true or false. ¥ g7 T % B f AV E 15 -

A. This parasitic plant is probably photosynthetic, because its haustoria penetrate the host’s
phloem only.
EEFAEY A TEEER - N AHEESE AR EF AV LD -

B. The haustorium of this parasite is a modified leaf.
IEEFAAEYI R g e — TR AR EE -

C. The interaction of the host and parasite is likely to be obligate.
HFEEYINS - BFFEEELTOIERZNTEN -

D. The host plant is a dicot.
& E AT HEEY) -

7/10/14 6:46 AM 22
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14. The diagram shows a model of apical dominance in intact and decapitated plants. Next to each
plant is a model description of bud release and growth as it relates to the regulation by the IAA
(auxin) and sugars. At each axillary bud, the width of solid lines indicates high levels of
abundance and dashed lines indicate low.

N E R TR RS AR - B Se R AE PR (intact) K K TATE PR(decapitated) HY45 R - B TR
(A P o i Fe L D B AR RABTE - BB TAA ROBE T HIERFEARE - fEEEMAEFE - BRNE
ERERHEES  EHRAESEK-

Intact Decapitated

Indicate if each of the following statements is true or false. H[Er T &£k E A -

A. Auxin is the only hormone involved in axillary bud growth induction.
IAAZSAEAZE A R -

B. Decapitation will cause sugar accumulation in axillary buds.
IR G A RIZF A o B -

C. Axillary buds on a decapitated stem will serve as a new auxin source.
FERTRZFIVE E - ISR R I AABER -

D. From this model, apical dominance is maintained in intact plants predominantly by the

limitation of axillary bud’s access to sugar.

FRIZILAES - AESERAERT - REHIRFBIFFIEGNE > > H A ES R AR -

7/10/14 6:46 AM 23
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15. The diagram shows how sugar translocation occur in leaf phloem.

N ERUREE R PIEES AR s IE R o

Indicate if each of the following statements is true or false. H[|Er T 5 &£k EE -

A. Similar to water transport through xylem, photosynthate is also translocated through dead
cells, but with different mechanism.

WIAREEE LKy - SeElEHEYT e hstdthgm . - (B HEHEIAE -
B. Photosynthate is transported symplastically and apoplastically to the sieve elements and

companion cells.

Sl FH 4 R /EE J8 P9 (symplastically) 25 8 41 (apoplastically) i f i 17 3t 4 %8
i e ARG B AR 4R
C. Symplastic sugar translocation requires ATP.

B R P A TR OMFEATP -
D. In leaves, sugars become more concentrated in the sieve elements and companion cells than

in the mesophyll cells.

PR R AR S FEATHE A RE R R AR -
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16. In addition to auxin and cytokinin involvement in branching, the MAX4 gene is known to control
the production of the signal molecule strigolactone and its derivatives which inhibit branching.
To investigate its influence on branching, graft of max4 mutants and wild type plant were made
as shown in the figure below:

Pr T HED AR R R R R G2 B KA R > Pl HiL {5 5T B MAX4 2 (R AT 4%
strigolactone [EEH S 70 T R HATAEVIHYE L - HisSeYyE alHifl ok o HBeat AR 1
522 maxAZE B PR LT A RN AR RE B P S B ESE A N PR -

WT/WT max4/max4 max4/WT

Number of branching
o N E= (2] (o] g

scion —> WT max4 max4
rootstock WT max4 WT

Indicate if each of the following statements is true or false. H|Er T35 &£k EE -

A. In this experiment, number of branchings is determined by the substance produced in roots.
SEE SR > AT SRR R E Y VI E -

B. Mutant max4 does not produce strigolactone and resulted in higher numbers of branching.
max4 ZEEER A FE A strigolactone » HETPE IR 414 -

C. Grafting WT scion with max4 rootstock will produce less branching compared to WT/WT
graft.
FHES WT/WT 545 - WT 5L F maxd b AR & E 4w Doy -

D. The higher ratio of cytokinin to auxin will inhibit axillary branching compared to WT/WT
graft.
MHEZHY WTIWT 4% - Sl HEBMEYI ERER ZELESR - EHIHoR -
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17. Two leaf-stage maize seedlings with genotypes LM5, PARKASH, PMH2, JH3459, PARAS, and
LM14 are exposed to drought condition for 72 hours. Figures show activity of several enzymes
involved in the defense against leaf oxidative stress: i.e. ascorbate peroxidase (APX), catalase
(CAT), superoxide dismutase (SOD), peroxidase (POX), and gluthatione reductase (GR).
Vertical bars show standard deviation for the mean of three replicates. The asterisk indicates a
significant difference between control and drought treatment within each genotype using t-test.
FIFLMS5, PARKASH, PMH2, JH3459, PARAS, & LMI14R[EE RN Tk A ETTEES » B
EREW R ERS A/ NG R PR o NEBURSEEEE R HiE( LR A REEE
Zi4[: ascorbate peroxidase (APX), catalase (CAT), superoxide dismutase (SOD), peroxidase
(POX), and gluthatione reductase (GR) - E &R =8B 2 PIEBEAEE - BIFEZ R
HIZHETR ER) A RMH(R B HR) AR AR
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Indicate if each of the following statements is true or false. ¥ g7 T % B AV E 5 -
A. All genotypes responded similarly to drought stress.
P BRI A s BB i S FEAR (UL -
B. Drought stress does significantly change the activity of GR in all genotypes.
FTAE RN G - g7 R GR AYEM ARSI -
C. Peroxidase is an important enzyme to alleviate drought stress.
POX Eilkiisz R IRV EE B -
D. Based on the activity of the five enzymes, LM5 and PARKASH are most likely to be the top
two drought tolerant genotypes.
TRIE TAERE ZAYEME » LMS 2 PARKASH E A

o
A_\+
~H
St
&
+m
=
B
™
i
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ANIMAL ANATOMY AND PHYSIOLOGY B}y fi ] 8 4= 3

18. Stomach emptying is determined by the strength of antral peristaltic contractions

and the resistance offered by the pyloric sphincter. The time taken to empty half the

stomach contents was measured in one patient and compared with normal data.

B2 2 B W AR B A r R S P RS LY BUERTIRE - o N B B — -2l TiE

R FET B I M B

Time taken for stomach to empty half its contents (min)
Individual BHE— S+ ERREH
Liquid Solid
Normal <20 <120
Patient 18 150

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

45 A0 TE BESR B8 2%

A. The patient has a higher risk of malnutrition as compared to healthy individual.
RN EAEEE N RS B RE R AR

B. The patient is likely to experience an increase in acid reflux.

BEEEGBE TR
C. Anincrease in pyloric sphincter resistance will accelerate the emptying of solids from the

stomach.

AP RECILAY ST INT E h2E  PEE AR B )

D. If the patients vomits, the vomited material does contain bile.

i A > HiE ) & A hE T
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19. Olympians, at least in sports, can run faster, leap higher and lift more than ‘normal’ humans.

Such elite athletes earn their titles with an astonishing amount of hard work and support (like

you in IBO), but many also have some unearned advantages: the right genes.

FESTER IR ARG ER - UG ES - BGEH > SLEFHEIEE S NEHNEE > 5t

BARSEIBO—1% > (HZBHERM E55EHAFEN -

There is growing evidence that world-class athletes carry a minimum set of particular

‘performance-enhancing’ genes. For instance, almost every male Olympic sprinter and power

athletes ever tested carried the wt 577R allele variant of the gene ACTN3 (alpha-Actinin 3).

AR RREIRRDR, B R REE) B BA RO R AR RN, T AT A B R

Bart) ZBVEBkE . Bhin KR E % B TR ACTNS FEA BRI A 577R AYE BLAENT JEIA,

Actin filaments are stabilized by actin binding proteins including actinins of which there are two

main types, type 2 and type 3. ACTN3 is expressed only in fast twitch fibers, ACTN2 is
expressed in all skeletal muscle fibers and is essential for their function.

AlEhE B ddEsq g tractinins B EE HAVSE G E A TRIE - actinins G ff i £ 2 AYRI -

type 2 and type 3 » ACTNIELA A G{EPRETEIHEAERIR - ACTN2EN G EATA HHHL

QAR - HEREHHRE & REE -

In general population, there are people of:

FE— MR p, FEAZ

* XX - TYPE: homozygous for inactive R577X, associated with a natural predisposition

to endurance events.
XX AL HEYEPER) RETTX [RIALA -, Bt s E e RS E A

* RR-TYPE: homozygous for wt R577, associated with a natural predisposition for
sprint-power events.
RR Y - wt RE77X [ G-, By /) Mgt B85 10 S R E AT B

* RX - TYPE: heterozygous are equally but not optimally suited for both endurance and

sprint-power events.
RXHY « UG-, Bajinf ) VEBCIR 38 ) MRS 8 25 e ol AR el 4
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Indicate if each of the following statements is true or false.
8 T AIAOR EmE S S5 RR

A. These alleles are expected to be at very similar frequencies in all human populations
75 B A BRI Y B R ARAE AT A AN [E] Y AR i Ry RE B

B. Selection will prevent a loss of function mutation in the gene ACTNZ2 to reach high
frequencies
RIZ(EH AT ACTN AL ae 4 AR 285 » (1 BRI =

C. Similar the R577X variant is found in large cats (especially in cheetahs)
BLRS77X AH{LLHY Z288 ] ££ RS LA (Reill e %)) Hh a8l

D. Football forwards, must be able to accelerate quickly yet need to be able to run throughout
the entire match, are most like to be of the RX-TYPE than XX - TYPE
JEERATE VL ZE RS INE H AR BB R LR, ATRE HRf A RXR M FEX XY
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20. The graph shows three dissociation curves of oxygen binding proteins.
TEE R =REGS S EE AR

100% I‘ -
17

17
/

25' 50 75 100
[mm Hg]

50%

N

25%

0%

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

8 H TSI RCR IEFE B o iR

A. Curve 1 corresponds to the protein which is present in very high amounts in skeleton muscles of
whales
it 1 RFFREAE AT R REHN BN EAE

B. Curve 2 could be found at acidosis in individual, normally displaying curve 3.
IEH RIS 3 By AERE 55t & R Al 4R 2

C. Curve 2 could be found at lower temperature in individual normally displaying curve 3.
IEF R A 3 B AR & LI A 4R 2

D. Curve 2 belongs to fetal if curve 3 belong to maternal hemoglobin

HihaR 3 B RERAYIMAT KA 4R 2 J@hha
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21. Obesity is associated with several conditions, such as type 2 diabetes. Both obesity and type 2
diabetes are associated with insulin resistance as depicted in the figure below. Insulin sensitivity
also modulates B-cell function and is almost always decreased in obesity.

R B R EERSCA TR > 4055280 MERRIR » T B B R B S 2R PR S B B 2RV
B > BRE RAVBURME S B-AHEYIIRE - RERFR RS RAVBURME (K -

Indicate if each of the following statements is true or false.
8 HH T AIROR IEmE SRR

A. Obese individuals have greater insulin release and greater sensitivity at puberty.
HERE B BR S 22 70 b S UM B LA B B IR DA RS

B. The data shown on the graph support the idea that insulin release could be correlated to
insulin sensitivity.
[ o B R SRR B R I B B R R AR BARY A

C. Elevated blood glucose levels due to decreased insulin sensitivity usually causes the
increased insulin release in obese individuals.
ok B 2R A RN M P (R A B Y ITUNE (BT R S (e AE R B RS 2R 0 T

D. A trained athlete with type 1 diabetes would display lower release and higher sensitivity to
those of healthy adult
o5 IR RT3 B e B R Rl N SR T D HO R ey 38 50 1 K B i O BSURR A
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22. The diagram outlines the feedback mechanisms regulating secretion of stress hormones in the

human body.

N EE 35 B A B i TR DU R 3 A [ B AR

Levels of hormones involved in stress responses can be abnormal in a large number of clinical

states

FERFEAEERRIRIC B ERN rLE

= /—‘—r
e L]

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

8 HH T 5 BOR IEME B R RR

CRH |ACTH gzo,gg;' Cause

A. | High High High Long term stress = HRE /) T
Chronic adrenal insufficiency

B. | High High Low (Addisons’ disease)
TR EIRBCE R RRE (Bl A )
Adrenal hyperfunction (Cushings’

C. | Low Low High adrenal disease)
BT (R IRECE)

0. | Normal Normal High During long-term treatment with

- cortisol = I H B E BE B AR
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23. As an adaptation to extremely low temperatures in fast flowing water, Rainbow smelt (Osmerus
mordax) produces glycerol in its blood plasma, liver, muscle and other tissues that avoids
freezing at sub-zero temperatures. Maintenance of glycerol levels requires active feeding on
insect larvae and active glycerol-3-phosphate dehydrogenase (GPDH).

Fo T BIEAESOKEOM T AR EORE > L% (Osmerus mordax)AyiiAe - A ~ LRI MEH
S EAHH o DURROKR - iR B H R alvgha i BATECAVENE =8t X
AEG(GPDH) A RE(E M A A 4R E &

Glycerol can be synthesized from dihydroxyacetone phosphate (DHAP) formed either from the
amino acid alanine or from glucose in an incomplete glycolysis. The figure below shows the
correlation between plasma glycerol content and temperatures.

HH B dihydroxyacetone phosphate (DHAP)FT &k » DHAP 7k 5 1% (alanine) 2\ & &) fE
HA e bEfAE - N R A T H RS B R R AR B M

Seasonal pattern of plasma glycerol concentrations (mM) (@: in natural temperature;lll: in artificially
increased temperature; A: in artificially decreased temperature) and temperature profile (A=natural, B=

increased, C= decreased) for smelt held in a long-term acclimation study from October 2000 to June 2001.
Symbols represent mean =+ SEM (n=5), * indicates significance from initial sampling point within a
treatment.

IMAEFH AR (MM ZREIEE(CE (@ fEEARET : B EATHIAEET @ A TE
N TREATRE T)FI4E 2000 4= 10 %] 2001 4% 6 H &SRR REE(L(A=E 25 - B= 3,
C=[Z(R)E - FrE MRS E LI E SR SEM (n=5) » *({F — R h itk A = R
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Effect of glycerol on freezing point of water used in engine coolers.
(Molecular weight of glycerol is 102 g/mol.)
5 |28 % AU T B A VKRERF Y 7F P (HHAY 9712 & 102 g/mol.)

Concentration of glycerol Freezing point of water/glycerol solution
H 0 Y5 (%) K/ H IR VKR (°C)
0.0 0.0
5.0 -0.6
10.0 -1.6
11.5 -2.0

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

f8 T 51 B IE 7 B 8RR

A. Fast mobilization of glycerol is primarily dependent on protein in food and protein deposits
in muscle tissue rather than dietary glucose and mobilization of glycogen stores in the body.
Hibry R E A F 2R E 'Y KALRESEFEEE - IR EFER S ey E
W7 1

B. Since glycerol is poisonous (LDso dose in guinea-pig is 7.5g/kg body weight), it is not
advisable to eat rainbow smelt caught wintertime from water of subfreezing temperatures .
N H B E 31 (LDso £ Ry 7.50/kg #GEE) » aR A BIZAE R /K& /KT ATEY
FAHIT fi

C. The level of plasma glycerol alone is sufficient for surviving the temperatures the fish is
exposed to in experiment C.

SEPAVEHTRE R e ARE fUS B E R C HRE

D. When the rainbow smelt fish was kept at increased temperature B (20°C), the plasma
glycerol level, will probably not permit the fish to survive if instantly moved to
temperatures prevailing during winter time.

E SR B S H R (20°C) - iR S E RS A RIFHRE - AP E Y
R EE N EIREE FRh
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24. Acne can be formed by several factors, such as genetic factors, androgen, nutrition, bad habit
(smoking), or infection of the hair follicle by the strickly anerobic propionibacteria as shown in
this figure below.

sTZNE AT LIEZ R > PIEENER ~ HEMRE - &8 - BEE GhE) SEEGRE
MY BRAR R FTIEEE > 20 B AR -

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

f8 T 51 B IE 7 B 8RR

A. Acne may be aggravated in males with an extra Y-chromosome (XYY males).
MREEAR XYY FeeienyBE s L g HEE
B. Some peroxides are efficient to reduce acne when applying to the skin.
F7R b LS (A 0K) o] LA RCR D ]
C. Inhibition of prostaglandins secretion will aggravate acne.
AR B ZR Y o s 1 S
D. The substrates used by bacteria in acne formation are actually compounds essential for
epidermis lubrication.

MRIERCGEES - SR E Y B SRR NEZLEY)

7/10/14 6:46 AM 36



IBO 2014 THEORETICAL TEST
BALI, INDONESIA PART B

25. A 15-year-old boy was diagnosed as a case of Duchenne muscular dystrophy (DMD) and
presented with progressive proximal weakness of the lower limbs starting at 4 years old
followed by involvement of the upper limbs. In DMD, there is a mutation in dystrophin gene
leading to the absence of the corresponding protein. Dystrophin is a molecular *shock absorber’
in the sarcolemma and has a major structural role in muscle as it links the internal cytoskeleton to
the extracellular matrix.

—fE g2 A R R AN ZGEDMD)EY 15 i > MAY T ECE 5 TR 24
fife 4 Rl > ERtEEBZGBT - LERYINREER AN AZEEE O ER N %

> HEGhZ HEENERE - HIAZMEES S FERHLET T ] RIGEEH T P
AR ALE R P AR S N R R A

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

8 T 5 BOR IEFE B R °R

A. Increased levels of creatine kinase and other muscle-specific proteins in the blood plasm are
used to diagnose the DMD.
PILBE i s ELAT AL A B — Y 2R B AR I 3 E ARSI ] A2 B IR HL A Ze Mg i
B. ATP cannot bind to myosin heads in the muscle of DMD.
KRB A LA EE WL T ATP EAEANE E A 7 F45 4
C. Motor neurons can initiate contraction in muscle fiber of DMD.
R FC L A Z5 0 e R A a4 S e 2R v 5 | B UL RIBGAHIE A
D. The maximal contractile force of skeletal muscles is significantly reduced in DMD.
R L PR Z5006 E R i UL A e T A ) i B SR ARG
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26. Para-Nonylphenol (4-nonylphenol / NP) isused in the preparation of lubricating oil additives,
plasticizers and surface active agents. It has also been found in polyvinylchloride (PVC) used in
the food processing and packaging industries. In an experiment to observe the effect of para-
Nonylphenol on parental and 1st generation male mice, adult mice (P-generation) were treated
with NP for four weeks. For the F1 generation, the treatment was administered during pregnancy,
lactation and pubertal period up to adulthood. The results show that it wasshownthatpara-
Nonylphenol was able to influence membrane integrity of spermacrosome (see figure below) and
that the litter of F1 and F2 generations are therefore smaller.

Para-Nonylphenol (4-nonylphenol / NP)& RS EERIANIIY) ~ BEIH R S S R 3H -
tH HE N B YRR EE A ARV ER] (PVC) o » DUREME/NEREZZ para- Nonylphenol 75
RP)ELE—FR(FRYZLE » B LA NP FRER U - F1 AR ~ 2 3 RA
FH L E R > &ERER para- Nonylphenol & #2285 1 [HAGAIAARAY 52 88 1% - F1 8

F1 +RevEE ey (R TE) -

Percentage of spermatozoa with labeled acrosome as sign of their integrity sperm membrane of
control mice, mice treated with para-nonylphenol 50mg/g body weight (NP50) and 500mg/g
body weight (NP500), measured in parental (P) and 1stgeneration (F1)

FESPIRSHEL B ey P 81 F1 AIfCZ Bl TP ~ FE e JHAC A AR S aC (R I L S R ) RO AR
BHEIL - HhasHE M 2L para-nonylphenol 50 mg/g #&EE (NP50) 1 500 mg/g #GE5 (NP50)
PR IRV R, -
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Indicate if each of the following statements is true or false.
8 TAIROR EmE SRR
A. The effect of NP has begun since meiosis occurred in spermatogenesis.
NP HI1E FHBRLETS DURES 22 ARG T IEF
B. If a defective sperm fertilizes an egg, it will develop abnormally.
(A — (B HH RS 7 BLINSERS, SORSONAUES B & 2
C. Defects in sperm are more severe in F1 generation due to longer NP exposure.
K2 R NP o > Fl B SN EE G kR
D. If NP has the same effect on humans as on mice, it will potentially impair male fertility.

AR NP AL NHELE R ERIARNR] - ATREe E R HEF D
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27. The HIV-1 lifecycle is a complex multistage process involving interactions between HIV-1
proteins and host macromolecules. The early phase of the lifecycle consists of infection of host
cell and integration of viral genome, and the late phase of the lifecycle consists of regulated
expression of the viral gene products followed by production of viral particles. The HIV
proteome consist of 20 different molecules, only subset of them is targeted by the immune
system. Immunogenic molecules are shown in the picture.

HIV-1 475 55 (S BRI AR - BAE HIV-1 EEE B BLE £ By T HAVIER - 42085
Eﬁﬁﬁﬁﬂ€E%§F§>Rf§EEéEH@ eH SRR N A LA > e RN R R E A E
B JPRORBEL > HIV BIEARRERE 20 A ER T Hf A VEREERE RS
R > NEB NG SRR I T

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

8 H T 3800 IE e S 8578

A. A-specific antibodies could efficiently interfere with infectivity of the particular viral strain.
HAEHOAE MDA SRRl R

B. The gene for protein A is undergoing rapid evolution (much more quickly than happens for C)
resulting in escape variants to which preformed antibodies do not bind.

AEARVENEETREEE (CEAERNFER) - SRR fiiess

I
=

C. Peptide fragments derived from protein C could activate cytotoxic response of CD8 positive
T-lymphocytes.
KE CEHMZIK R BaeiE{bEA CD8 1y T MK HakFH

D. Due to lack (or highly diminished number) of helper T-cells, the humoral response is crippled
and unable to clear the HIV infection.

HRth= (BHBERD) St T4 - AR 2R EA A R HIV AR
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28. The following figure shows a relationship between membrane potential and muscle tension. The
latent period is gap between action potential and muscle contraction.

N EEURA IR RE AL AL A UEERRE R - A SRR T B R R AL BN L AU R 2245

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

B T AIROR EmE S AR

A. Both ascending and descending parts of the membrane potential curve reflect ion gradient-
driven processes.
s e s b T B R R S0 B P TR B T 32

B. Both ascending and descending parts of the tension curve reflect ATP- dependent processes.
LA 4 b R B T B R B350 2 BORE HE AT PR ME Y i A

C. The peak of the tension curve reflects minimum number of actin-myosin cross-bridges
formed.
FIL AT 4 ittt P g e R 3 UL 2 1 BLLUER R 1 R T T i o2 R ) e )N B

D. A decrease in temperature will decrease the duration of the latent period
L FEE T e e S S B T R ]
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30. The effects of high altitude on humans are considerable. After the human body reaches around
2,100 m (7,000 feet) above sea level, the saturation of oxyhemoglobin begins to plummet.
However, the human body has both short-term and long-term adaptations to altitude that allow it
to partially compensate for the lack of oxygen.

NSNS G A N IE - ST 2,100 43K (7,000 BLR)E - & & MAT ZAVEIRIE
=g N B SE SRR IRIPEE L mE A= -

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

B TAIROR IEmE SRR

A. Unacclimatized people experiencing high altitudes sense lack of oxygen by the carotid
bodies, which cause hyperventilation followed by the respiratory alkalosis. This inhibits
the respiratory center from enhancing the respiratory rate as much as would be required.
RERE S N SRR - SHENR( BERZ He & 5 [RE A X HA SR 1 A5 PR P o 55
DR EC ORI PR ol 2 1 i 7 I R 2

B. During full acclimatization, there is a decrease in the plasma volume and increase of the

hematocrit number.
SEEEIERAERE T METASE G R (Ki M ERE L E g 0
C. At high altitude an unacclimatized person’s heart rate increases, stroke volume is slightly

decreased and non-essential bodily functions are suppressed. This result in a decline in
digestion efficiency.

RN SEEEAN AL OEERE 0 O E G N - JRUNE B RST)
RE BT A - 45 R S RO BRI K

D. In the skeletal muscle tissue full acclimatization leads to lower density of capillaries
and decreased myoglobin content.

ST E R YA REALAH S T U E R E H & 2 B g lE(K
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GENETICS AND EVOLUTION B e[k

31. Three corn phenotypes plant-color booster, liguleless and silkless are all controlled by a single
gene located on the same chromosome. In all cases, the wild type allele is dominant. A cross
between a plant with wild type characters and a plant showing all three recessive phenotypes
resulted in the following progeny:

TORFERIZRE > MERE R TR —Ze B RIFAIN S ELN R E — A tfg £ - it =
{EE Ry B A RIS FE N 6 Ry BN - — (8 = AR MR B Ry 1R 5 FR IR AR TR Bl — ([ o
A I =AEZE S R TORFER - 152 YIS

Indicate if each of the following statements is true or false.
HETE 51 S AR0IUE EfE true 2igE R false

A. The wild type parent plant carried a chromosome with only dominant alleles.
TE LB AR BGRAR — et de b BE=(EERF HA —E RS F A AR
B. Recombination frequency between the loci encoding plant-color booster and liguleless was
37.18 %.
gt ER R e T T R R Y AR B 4H A #A 32 Ry 37.18 %
C. The locus controlling silkless is located between the loci controlling the other phenotypes.
PR e R OK SR AV AR A 7> HAtr — (AR 2 R
D. The progeny of a back-cross between an all wild type progeny and the wild type parent will
result in a similar distribution of phenotypes to that found on the table.

T ZAEMEAR S Ry 1 R TR BRI TR RAH Sy - S 2B il
R AL Af
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32. Earlier research suggested that the red flower pigment of plant species was the result of a
chemical pathway including multiple steps and that all intermediate pigments were white. Three
pure-bred lines with white flowers (White 1, 2 and 3) of this species were crossed with each other
and the following ratio of colors were obtained among the progeny:

R AL C R SO 2 L RiR Mt - @Ry P EYEEa & -
={EARFEHETE4E M Z (White 1, 2 M1 3) A G AR S EIRY TRAVBRE AT &

No of Cross | Cross F1 F2 (F1 x F1)
1 White 1 x White 2 | All Red 9 Red : 7 White
2 White 2 x White 3 | All Red 9 Red : 7 White
3 White 1 x White 3 | All Red 9 Red : 7 White

Indicate if each of the following statements is true or false.
HETE T3 & 00 - IERE true 275527 false

A. These results suggest that flower color is controlled by two genes.
FEACAE BTGB Y 2 (A
B. F1 plants were all heterozygous for all genes controlling flower color.
B LIRS FL (S a2 &
C. A cross between an F1 individual of cross 1 and a pure White 3 individual will result in
only white individuals.
FERZAHE 1 AT FL (ERSF] White 3 i 25858 1% » HTFRELEFETE
D. One fourth of all offspring between a cross of F1 individuals from crosses 1 and 3 are
expected to be white.

M 1 Aoy FL(ERGRIERCAH & 3 FTfefy FL (ERAEsct: - H-{UF 14 BiH

8

1
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33. Each of five mutant strains of Escherichia coli (1 — 5) has a mutation affecting the lac
operon. Mutant 1 has a mutation in the lacY gene and the others have one each of the
following mutations:

* A nonsense mutation in lacZ; a nonfunctional p-galactosidase is produced.
«  AlacO® mutation; the repressor cannot bind to the operator.

* A promoter mutation; RNA polymerase cannot bind to the promoter.

» A super-repressor mutation; lactose cannot bind and inactivate the repressor

The lac operon from each mutant was inserted on a plasmid into a wildtype and the
mutant E. coli strains and their ability to grow on lactose-containing medium was assayed. +
indicates the ability to grow and — indicated that no growth was observed. Growth requires both
functional LacZ and LacY.

5 EAHHIRE E. coli ByZEEfk(Mutant 1~5) &7 g2 28 iie4t4H (lac operon) » Mutant 1
AZEEEEE AR AE lacY FAH - HAHYZE BRI E 3l By NI E 2 — ¢

- —{E lacZ fyfE = #2558 (nonsense mutation) ; FEFRETFHAY B-galactosidase

- ([ 1acO® Yz ; HIIHIGE [ fEs LI 27 2 T-(operator)

- —{E B Eh+(promoter) Z€8# ; RNA & A2 7 BEh+

- —{EEE &R 2 H 2€5 (super-repressor mutation) ; FURESOABHIGIEC &S - A
RRERF 2 FE b

B Lt ZE SRR Z€5 lac operon ARSI BEFE AR BRI R 28 BRI - Aol
THEAMEREER FAERGITR) » "+"Fori4d R "Rl Ritd & - fEAEEER
4 EEFAINEEN LacZ and LacY ZE [ -

Host cell
1 2 | 3 | 4 |5 |Wildtype
Inserted |1 - + |+ - | - +
lac 2 + + + | + +
operon 3 - - |- +
4 - |- _
5 - +
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Indicate if each of the following statements is true or false based on the type of mutation in

mutant2 -5

FRIE R 2S8R IS - HEE T YIS AUILE TEHE true EEHaR false
A. Mutant 2 has a LacO® mutation.

Mutant 2 2545 —(& lacO® fyzesE
B. Mutant 3 has a promoter mutation.
Mutant 3 #775 — (& BEl)f-(promoter) 2 £

C. Mutant 4 has a super-repressor mutation.

Mutant 4 775 —{ERELRANHI & 1 228
D. Mutant 5 has a LacZ nonsense mutation
Mutant 5 #75 —{[& lacZ HYHE = K225
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34. Two highly inbred strains of a plant (P1 x P2) were crossed to get F1 plants, which were then
selfed, all in the same location. The mean and variance of stem height were evaluated in every
generation. Stem height is controlled by many genes modulated by environmental factors.

i A= B AR )i 2R (PL x P2)RREI FL 18 > F1 HE - ArA sl iH [F ik,
#17 > BMSRES - PIMNEREN TFE - S e SRR > H2BER T
I

Generation Stem Height Stem Height
HAL (Mean) (\Variance)
mZ WY HeZ8R
P1 60.5cm 4.3cm
P2 85cm 4.2 cm
F1 (P1xP2) Data lost &} iE 2k 5.1cm
F2 (F1x F1) Data lost &} iE 2k 25.4cm

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

HEE NS A0 (EHE true 23525 false

A.  The mean stem height was approximately similar among F1 and F2 individuals.
F1 70 F2 Ay s REUHAT
B.  The variance in stem height among F1 individuals is determined by both genetic and

environmental factors.
F1{EMNEsSE R EAEEERNTEENIRER T8 R

C. InF2, environmental factors have a greater effect on stem height variation than
do genetic factors.

F2 (BRI R Fep > BRI TSR R IR T 5
D. Flindividuals are heterozygous for all genes contributing to stem height.

7E FL (EREP A S TR B B S A
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35. Three mutant bacterial strains, TrpB-, TrpC- and TrpE-, each defective in one of the steps in the
tryptophan biosynthesis pathway were streaked in a triangle on a petridish, as shown below. The
very small concentration of tryptophan in the medium allowed them to grow and form pale
streaks until it was depleted. Some regions of the streaks, however, continued to grow slowly and
became thicker. The tryptophan pathway involves the successive conversion of chorismate to
anthranilate, indole and finally, tryptophan:

—{E4HEZEE MR » TrpB-, TrpC- F1 TrpE- & H s B il (tryptophan) & R AR Y — (B0
B - Kt =22 BEMEF S REBOFEESEER GO TEFTR) - fFIEEA L &FE
FRTEREREZEL  BE—SREMNE  FAFERIEERIERSEEX -

iz % (tryptophan) & i A2 72 FH chorismate 4GB Y anthranilate - F#ERY indole - &4 4
[ tryptophan

Indicate if each of the following statements is true or false.
HETE T3 &0 2 TERE true 275527 false

A. These results suggest that intermediates of the biosynthetic pathway are actively secreted
out of the cells.

B RGE RBUR S PRy T R E Y & E B b AR
B. TrpC hasa mutation in the enzyme that catalyzes the conversion of indole to tryptophan.
TrpC Ze8EpRAZE 4 4 AF B T HE (LR indole B %y tryptophan HYAE[A]
C. TrpE has the capability to synthesize tryptophan if the medium contains anthranilate or
indole.

ARz EL 47 anthranilate 5¢ indole » TrpE Zeé4 1] DL4 5K tryptophan

D. Indole will continue to accumulate in the medium where TrpB~ cells are in the
vicinity of TrpC” cells.
£ TrpB A1 TrpCAH#ASEE € A indole Ef&

7/10/14 6:46 AM 49



IBO 2014 THEORETICAL TEST
BALI, INDONESIA PART B

36. The pedigree below shows the inheritance of a rare genetic disease (inherited by autosomal
dominant allele) in a family. Locus for this disease is unknown. A genetic consultant is curious
whether the inheritance of this disease is linked with a certain genetic marker (microsatellite)
located on chromosome 5 in humans. This microsatellite has two main allele variants: allele 1
and allele 2. The pedigree shows the inheritance of the disease (dark means the person has
the disease) and the microsatellite marker associated with it in each person (1 or 2)

T ERVESER I —F R E R R A EE o R e R F AN [
BEHANFTAE AL B - — B 5 RIE AL RE & B FY 2R TR Culie B VR E S (A
#(microsatellite) 55 > [ HREA “MEA AN © FUEN Lallele 1)FIFAZA 2
(allele 2) > el -P AR RFEIR & (R EED L) I i1y 28 ARk (microsatellite)

Indicate if each of the following statements is true or false.
HETE 51 S AR0IUE ERE true 2igE R false

A. ltis possible that the gene for the disease is also located on chromosome no 5
R ENA FTREAL Y SE 5 Rl |

B. If a person has the disease, he/she would always have microsatellite allele 1 variant
PP & — E T A AR SR (microsatellite) Y F I LA 1

C. Inthe 4™ generation, only one child obtained a recombinant chromosome from his/her
father
FEFVUR T HA L/ INZEH A 52— (E3r A A At dG

D. From the 3" and 4™ generation, it could be concluded that the recombination frequency
between the gene of the disease and the microsatellite was 3/16

FH B = RS DU R {8 B i R 20 2 IR 28 (AT A (microsatel lite) Yy EE4H 4 #A Ry 3/16
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37. The locations of six deletions have been mapped to the Drosophila chromosome as shown in the

following diagram.

FESR MR E RS 7T 6 [ECAahh R ZE B EmIsa I & th &

TERATIR

Recessive mutations a, b, ¢, d, e and f are known to be located in the same regions as the
deletions, but the order of the mutations on the chromosome is not known. When flies
homozygous for the recessive mutations are crossed with flies homozygous for the deletions, the
following results are obtained, where the letter “m” represents a mutant phenotype and a plus

sign (+) represents the wild type.

=lEEEZEE a, b, ¢, d, e A1 f L AFY LAl - (HATIRVIRAABA - KA B —Rhoe 2 m Al
A?%%% PHIBU A A [FEA e B ZE B [F B & Ay SRS - PSSR %

Firw » Horp m” (QRRZEEERIAAL ; (+) (URIER B AR
Mutations
Deletion| a ([b|c|d|e|f
1 mi+|+ m +m
2 + |+ |+ m|+|m
3 +|Im|+ | m|+ |+
4 + m{m|+|m|+
5 +Imim{m|+|+
6 + |+ m|+|m|+
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Indicate if each of the following statements is true or false.

HETE TS A0 IEHE true 7853 false

A

7/10/14

Mutation d is located in the overlapping area between deletion 4 and deletion 6.

ZE8 d fir NGRS 4 MIGRK 6 BB

Location of the deletion where mutation b is located can be deduced using information
of overlapping area between deletions 3, 4 and 5.

FHBRSG 3, 4 715 A LAHEHZE5E b FrfE s

Among the six mutations, mutation d is located in the shortest deletion

FEs Bhzest - 2288 d iy ] RE E fiL s i

The relative order of the six mutations on the chromosome is a, f, d, b, c, e.

iE e RhZE AP & &, f, d, b, c, e
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38. Suppose that the horse’s color is determined by one gene which has two alleles B and b. B allele
is dominant over b and expresses brown color, while b allele is recessive and codes for black
color. There were two populations of horses in two separate locations. In population 1, the allele
frequency of B was 0.5, while in population 2 it was 0.2. The size of population 1 was five times
larger than population 2. Initially, both populations were in Hardy Weinberg Equilibrium. Then,
the two populations joined into one unified population..

B B B B — BRI - PEAARA ES 5N > B Rl b - B ¥f b Z#iM%: - B Eﬁ
© o b BRE - H (EFANEERE R LT B HAARGRE 05 0 EEE2 o
ﬁlﬁéll{:ﬁ—g 0.2 - JFEEE 1 WERSEE ZIERE 2 89 5 % - —(EEEE A RS- umilz{@ﬂﬁ(
fe o Nz B (HIERPRG R B —ERE -

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

HEE TSR0 2 (IEHE true 23525 false

A. The above phenomenon is an example of genetic drift
AR 1R (R A

B. After the populations joined, the allele B frequency is higher than frequency allele b.
TIEEER TR 0 B FUARNIRRE AR b AL AR

C. Two generation after the population joined, 12.6 % of all offsprings between two
brown horses are expected to be black.
FEGRER R E1% EHEA - RS CHCE A T R EIVHARE 126 %

D. Among 1000 offspring born in the first generation after the populations joined, 698 are

expected to be brown horses.

1L R A ER S —AETE A=y 1000 UCH 4=/ NE R » /A 698 TLEfrEtfy
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39. Figures (A, B, and C) illustrate the results of a series of computer simulations of changes in allele
frequencies in a group of populations due to chance alone (genetic drift). The simulations were
done in different population sizes. X axis indicates the number of generation, Y axis indicates
allele frequency and different colors indicate the repetition of simulations.

A Bl C By— %S IESGEHHEA FREE T -

(genetic drift) ¥ (L B NFAAREY

RHE - B EEEREDIRE A/ NATIEERE( > 10 AT M) HIETT Bl X SlFontt R Y

AR - AFEBOAREESES -

Simulation on Population |

Simulation on Population |1

Simulation on Population 111
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Indicate if each of the following statements is true or false.
HETE T 51 -SR0S IEHE true oigE R false

A. Among the three simulations, Simulation Il was done on the smallest population size
while Simulation I was done on the largest population size.

FEIE SR BREE T - 5B || I DAy NAVIRERHEDT - 15E | BAE S RHYIREE T

B. Time of fixation of an allele at 50% is shorter in Population I than in Population I11.
BN E (fixation) FrERAYIRFE] - (EREEE | G EEAEERE 111 2%
C. Probability that new mutation will be lost in a population will be higher in Population 111
than in Population I.
JERRE TR SR B AR AR > FERRE I tPEEEEAEIRRE | T
D. Results, such as those obtained for Population Il can also be obtained when a weakly

deleterious allele is simulated.
& DL — (g fre S0V FEAL AR ETEENT - 5B | —EiaER -

7/10/14 6:46 AM 55



IBO 2014 THEORETICAL TEST
BALI, INDONESIA PART B

40. Robertsonian translocation is a rare form of chromosomal rearrangement that can potentially involve the five
acrocentric chromosome pairs, namely 13, 14, 15, 21 and 22, in humans. Other translocations occur too but are
inviable. During a Robertsonian translocation, the participating chromosomes break at their centromeres and
the long arms fuse to form a single chromosome with a single centromere. The short arms also join to form a
reciprocal product, which typically contains nonessential genes and is lost within a few cell divisions. The
figure below shows the four possible gametes produced by a carrier of a Robertsonian translocation.

Robertsonian Z{iz (translocation) & —7f8 %= BV AL (S i 28888 > mlAE fb ek b AT It fir Y 2%
tafig (acrocrntric chromosome) F#HZ2 % (A ¢ 13, 14, 15, 21,1 22) » HA @i thErad g
B A{7E - %54 Robertsonian S (il - JLOS R EIEETR - —RAORREHE LSS

B ELE — PRy s st 4SS o (HEE L PR A S IR B 4 4R
A o NE FER BT Robertsonian Fyf{ir 4 BiGE Al AR EE AR AYVURHEC £~ -

A B C D

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

HEE 71 SRR IR true 2gE 5% false

A. The fusion of gamete B with a normal gamete results in a translocation carrier with a
normal phenotype but 45 chromosomes.

for B Ml—IEEETHEated N —ES i Iveiiins - EEHEA > B 45
(et

B. The fusion of gamete C with a normal gamete results in trisomy 21. (Down Syndrome).
ficy C M—IEHEAT4Earegd N —(Ewa =% 21 fRrEeh BN =305
(trisomy) S (2 LR IEE)

C. The fusion of gamete D with a normal gamete results in a lethal monosomy.
i+ D Fl—IER L T4 G 1% &8 R LY B G (monosomy)

D. Among the offspring of two translocation carriers, one-fourth is expected to have 44
chromosomes.

{75 Robertsonian Zi{ir A tgGE L T - U4 & 1A 4 Rt
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41. The table below is a static life table for an unspecified invertebrate species with a life span of
around five months. Certain values in the table are missing, and are denoted by the letters A to J.

NRESEEA ISR > SwhIEH - RHAEEERBI (ISR

AF[IFR) -

Number . .
Number : Proportion Mortality
Age;xc)lass alive dg/o:r;g surviving \ rate
(ny) ; (1) (9%)
ERE | mmme | PUER ) eanm | omex
B B
0-1 2000 C 1.000 0.944
1-2 112 D 0.056 G
2-3 74 27 0.037 H
3-4 A 43 E |
4-5 B 3 F J

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

5 TSR R IE et 3R

A. The values for A and B are respectively 47 and 4.
A BLB {73 A 5 47 F 4
B. The values for G and H are respectively 0.019 and 0.014.
G i H {g47 715 0.019 }% 0.014
C. The above life table is based on cohort data.
A e AR F G BV E R S
D. The organism recorded in the life table is most likely a K-strategist with a Type-1 survival

curve.

FEAE AR R PRTAC#RAVERS - BoA FIRE 2B H Type-1 (G H4RAY K 5l (K-strategist)
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42. Studies spanning a period of more than 100 years have recorded the changes in vegetation on
islands around the volcanic area of Krakatau, Indonesia. The following graph shows the number
of plant species recorded, since after the volcanic eruption of 1883 up to 1983. The graph
differentiates species according to their mode of dispersal, i.e., by wind (S=Spermatophytes,
P=Pteridophytes), sea, bird/bat, or humans.

Ellf& Krakatau K LT HE& AV 423 b A 100 FAYERL - T EMDR 1883 g%
F| 1993 FAYE YV TR o I E R IR N B YR AT RO T & o 0 BITEE R T
(S=Spermatophytes f& -4, P=Pteridophytes j&ig) - &% ~ SRR N -

|
f
%Z

114

) AR

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

i 1 T 7 AL TERESU S8

A. Dispersal through mutualistic relationships was most important in determining plant
establishment on the Krakatau islands.
o HH AR A BRRAVEG 520 - 2PE Krakatau B AP B ZEAY AT

B. In 1943, most plants would likely have small-sized seeds.
£ 1943 4 » RZHHEY) A se BA /NI

C. Leaching of nutrients is likely to be higher in 1963 than 1923.
1963 FHYEEEIRK A AEHE 1923 5

D. Plant community change as illustrated above is an example of primary succession.
AR HITE YR R R S W O Y B
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43. Vascular plants and macroalgae produce a variety of secondary metabolites that can function as
defenses against herbivory. These defense chemicals can either be present and produced at
effective levels continuously (constitutive defense) or increase in production when induced by
herbivory or artificial clipping (inducible defense). In many vascular plants, response to
herbivory may also result in increased resistance to further grazing. An experimental study
examined the importance of phlorotannins (polyphenolics) in the chemical defense mechanism
of the brown seaweed (macroalgae) Ascophyllum nodosum, which is grazed upon by two
species of mesoherbivores, i.e., the gastropod Litorina obtusata and the isopod Idotea
granulosa. Part of the study results is presented in the figures below:

B ARE Y B RS A 2 R AR - T AR e e Ehnyis & o IS
{EEYVE — AR ELE R B AR (REE) - i iR HE e e s A TETHL
P YRS s B GR 2T E) - SF 24 REYNEE e Ens e - 1E
BRI Z R & - RS R A 3% (Ascophyllum nodosum) it 7 4 HY AL E2 9 'E
phlorotannins (polyphenolics) ¥t/ 2wy fi b U &5 gr§f#77- 12 (Litorina obtusata) &z 2 £ 2 (Idotea
granulosa) Y EEZEE » HERFEERETRIN T -
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Littorina obtusata

LA
0.2 - P=0.02
|
Phlorotannina. [ 0.1 4
W oC < I
S = ?\ @
& = X @
= = % £
(ewzm) g % z 0
E ; _g Idotea granulosa
=
% 2 E 2] ZRE
H o3 P=025 l
0 B, = -] m = @ o <~
. g2 Efr 38x £ g8 = 3 I
SHE 88 £ S g g g
4 §2 § = g or
yi ) :
i
Ungrazed Previously grazed
control seaweed seaweed
E N R=YiOE S NE S S YR

Figure: (1) Phlorotannin content of A. nodosum seaweed after exposure to grazing by
mesoherbivores and simulated herbivory (clipping with a hole punch). Control treatment received
no physical damage (no clipping or herbivory). (Il) The amount of A. nodosum shoots consumed
by mesoherbivores in two-choice feeding preference experiments. Mesoherbivores were offered a
choice between seaweed shoots that had been grazed by individuals of the same herbivore species
or shoots from control seaweed.
B : (1) A nodosum Jsadfr i H AL B BN & SABBEE s & (FE 5 EFTRE) NATEAHY
Phlorotannin & » 8040 AR S2F A0S RAYG & (RN TR EHEE &) -
(1) FIF A, nodosum JEESEAETTE S » JRIEURIIE A S B S R [E i B Y s

IR — R ARZEERHIHIREE - S5— AYREEaErEE -
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Indicate if each of the following statements is true or false.

{5 TSR R IE et 3R

A. There is a high degree of specificity in the elicitation of chemical responses by A. nodosum to
physical damage.
A. nodosumERSEF B Z AN IGFER; - &5 SEE 12 E

B. Production of phlorotannins by A. nodosum is strictly an inducible defense.
A. nodosum;isEE 7 £ phlorotanninsy 7 J& 7~ a7 2 [ 2L

C. A.nodosum that had been grazed by I. granulosa were less susceptible to further grazing,
compared to ungrazed ones, as a result of induced resistance.

MBI A S B HYA. nodosumyfgd: - 31, granulosas e B B HV/EES: - HORRHIS &
017 = (AR =P aa s Bl N U KRS S
D. The different feeding modes of the two predators are likely to be responsible for the

differential chemical response of the algae.

EREA FREREYIFT 2R AR RS & IRATRE SRR E A E RS e
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44. Given below are Lotka-Volterra equations which model the competition between populations of
Species 1 and Species 2. In the equations, N=number of individuals, K=carrying capacity,
r=intrinsic rate of increase, and d=competition coefficient.

N HJZ Lotka-Volterra Y27 > HAFEBERIYfER(Species 1 and Species 2)REFHVBES © £
B A N={EESS > K=RKEE > r=IREFTER I R 0=35 P (R 8L -

The figure shows two possible positions of the isoclines, i.e., lines which indicate zero population
growth for the two populations on a graph that relates N; (green) to N, (blue). Arrows indicate
direction of population change. The location of the isoclines depends on the parameter values, which
for species 1 and species 2 are found to be: K;=80, K»=100, 0,:-0.80, and ¢1,=0.67. Based on the
graphs, the outcome of the competition between the species can be predicted.

BRI (E 4R (isocline) TRERYAL & » BIVE Wi (EGREE Ry Z R - B DI 230 i
JEEFATRERVALE - Horh Ny DUgkt ~ N DIEECUFOR » RBHORIRERCERY A A - JE T (HAR
AL BRI PR 1(speciesl) ki 2(species 2) HYSEE(E - BT Ki=80, K;=100, 521=0.80,
Ko 012=0.67 o AR5 b [ ] LATHHI R ¥ ek 5 S Y45 5% -
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Indicate if each of the following statements is true or false.

{5 TSR R IE et 3R

A

This model assumes that carrying capacity is constant.

BB R E R 2 EER

The outcome of this competition is co-existence of Species 1 and Species 2.

i R HVEE RIS RI(E )78 (Species 1 and Species 2) iREFHAF -

The two species will co-exist if intraspecific competition is stronger than interspecific
competition.

(i e B R R T8 3 - AL & 2 p -

The competitive exclusion principle states that all competition will eventually result in the
exclusion of one of the competing species.

i Fr A AR Al (competitive exclusion principle) /5 A i 5 i &% g H5we 5 ¥ TR -
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45, Terrestrial biomes are distinguished primarily by their predominant plants and are associated

(0 ) WEs K

with particular climates. Climate diagrams are used as a tool to explore the relationship between
the distribution of terrestrial vegetation and climatic factors, particularly seasonal variation in
temperature and precipitation. Pictured below are climate diagrams for four biomes (A, B, C
and D). The bold, red curve denotes mean monthly temperature, while the filled blue area
denotes mean monthly precipitation.
Edak A 8 2 T+ B AE ez A B SME VR S L RV RF IR SRR 2 0 HE - SRR LET =] P AR PR
RIESHEY i ELRIE A YRR (% - Rl SR E0RE K ERERVERE - NEZIUEAER R
HIsR R (A, B, C J D) » HrkHATHigR ARG H PR E - ME &R &G H FHEK

=)

E&O

+am

&5 ;7J<,$ljj i/ij

55

R

(Wi e

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

i 1 T FI AR TERESU G 8

A. Biome A is found in tropical countries such as Indonesia.
FRER A FAEREVTRIEIZE - BIAIENE
B. Permafrost can be found in Biome B.
KR FAENLREZR B
C. Biome C is characterized by the presence of large herbivorous mammals.
& C R BA R SRR ALENY)
D. Succulent plants with reduced leaves are among the typical plants found in Biome D.
BN 2 NTEYE AR RE A DI AR )

7/10/14 6:46 AM 64



IBO 2014 THEORETICAL TEST
BALI, INDONESIA PART B

ETHOLOGY

46. Protomognathes americanus (slave-making ants) are eusocial parasites that live in highly
organized societies and exploit the brood care behavior of Temnothorax, a related host species. P.
americanus attacks Temothorax colonies to replenish their slave workforce, but the Temothorax
host workers defend their colonies and kill intruders. Additional new slaves are critical to the
slave-makers’ life cycle since they ensure the colony’s survival. Prior to attack, a single scout
evaluates the host colony’s susceptibility. If found sutitable, the scouts recruit slave-maker
workers to attack the colony. A study of preferences of the scout ant to demographic parameters
(A) and the condition of the slave-making colony prior to a raid is shown in the graphs below.
Note: * indicates statistically significant data, NS not statistically significant.

Protomognathes americanus (4(#i#%)/& H L& RIHYEF LML - PP Rt R L& > A
PSR iR AR AT 37 i (Temnothorax) - 2B MIEYA0HE - ZUZEE(P. americanus)
G B A LIRATHE G AERM MR T > (EEH EIRGI EE URIEARE - BTG
RGBS > M PSR TV L - (£ BEAT - M & RE M S 3y Ly
5055 o EEEEIREEE » ENE G A SRR T TR - T BB U E M
EAEBER T A LI SR N R N T AR (A) R SR T HIR(B) -

it *BURNERHESTT EARE =R, NS= Ednat R ER

BV H I L% H U

AT T /DY T8k

SHEFEGTRRH BRI R

LEJIDNR: il
DI L Tk
P R UG
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Indicate if each of the following statements is true or false.

{5 TSR R IE et 3R

A. Scouts prefer colonies with more workers since they indicate larger and better quality

colonies.
THAEE B RT3 F IR EH N AR ) TI% - R MEReZ & F Bk B
i AT

B. Host workers are caught by raiding workers since the slavemaker colony needs these

workers as slaves
A R T g ARSI Te » AU iR TR 2E L TR E(FOCT -
C. Slavemaker colonies send out scouts to find new hosts on a regular basis.
PR G E R B AR S TR F £ -
D. The scouts join the raiding party to guide the attack throughout the raiding process
PR G 2 A RE: - EARBETEES [ ERBeAaE -
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47. Some animals form temporary groups as they receive certain advantages when they are together.
A study (see figure below) examined the success of hunting groups of fish that hunt prey, also
found in large schools.

AHEBVIEMATE LR - GG IR R R EREERE o T RbTFeid e ey
TRV B HERG A NVRE (R - DU RIE BRI EHYRE (% -

EAEHVERRE A eI E

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

& T SR 2 IE B 88 3R

A. The total number of captures increases with increasing hunting school size

S R giER e B RS I KR O -

B. A stable dominant hierarchy is set up in large hunting schools with more than four fishes
ERBEAE GHT IR T - G — IR E B SAIEN -

C. The individuals in the second and third positions in a hunting school should leave and hunt
solitarily
TEAR B B REAG PHE(T S5 2 A0 5 30y B A (181 A B 2% il T B G I B AR

D. Bigger hunting groups increase the energy spent by individuals in hunting

FEARAHN - B B ERG P RV(ERS S I RE B ORAE -
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48. A study investigated the evolution of aposematic pattern in the Malagasy poison frogs
(Mantella) using data from mitochondrial 16S rRNA sequences. The phylogenetic tree is shown
below with the dorsal coloration phenotypes of each group.

FIFkr4Rkg 16S rRNA FF5Iif5¢ Malagasy #iE (Mantella) & P REHVEE - T BEEIRE
BEF LR AG IR R (R Frd 1L HYRR G BR AR -

PtdEEE RIFAI

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

& H T F R 2 IE RE B EE BR

A. The madagascariensis species group a sister taxon to the ancestor of the bernhardi-cowani
groups.
[l madagascariensis #7jf&Ed bernhardi-cowani #77f&E R tH S ER R AH B -

B. This study provides evidence for homoplastic pattern evolution in these frogs.
et rese s LA B [F] f X (homoplastic pattern)#y7s (LG

C. The aposematic patterns in these frogs may have evolved in response to nocturnal predators.
78 LR Y AU RE AT RE R S IR T MR BB P AL Y -

D. Mitochondrial 16S rRNA is often more suited to infer deep phylogenetic relationships than
non-coding DNA of the same length.
MR EHREAYIRRE DNA - FIL4RAS 16S rRNA 8 #5078 A e dm 5 = PR A 4 B (% -
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50. A phylogenetic tree of Fagaceae was generated using the CRABS CLAW gene. In this tree,
Fagus grandifolia is the outgroup.

TE A FHCRABS CLAW FLINIFT AR RER & B (et - HrrFagus grandifolia/g 4 M -

Castanopsis argyrophylla
Castanopsis fissa
Castanopsis carlesii
Castanea mollissima
Quercus myrsinifolia

Quercus suber

Notholithocarpus densiflorus

Quercus robur
97
Quercus rubra

100

1 Quercus tomentella
100 Lithocarpus pachylepis
93 _E Lithocarpus xylocarpus
Chrysolepis chrysophylla
Fagus grandifolia

Numbers above each branch represents the relative credibility of clades. Attempts were made to
classify the species into 3 subfamilies that best reflect the evolutionary relationship with
Corylaceae.

% FNEFFRA RS TERE - e E s Bk S Y 5 F3(E it - DU
H s 2 FHECorylaceaelf T8 (L RE 4 -

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

& H T 5 Rl 2 TE RE B EE BR

A. Quercus suber is more closely related to Castanopsis fissa than to Ouercus rubra
FHH#EE A Quercus suber Eil Ouercus rubra > Quercus suber EilCastanopsis fissar 4% T

B. The genera of some species have to be changed.
BLECE R (genera) DAE IR

C. The phylogenetic relationships among Castanopsis species are poorly resolved.
Castanopsis /) [t i 4% B (4 1 RS

D. Fagus grandiflora is the ancestral species of all other taxa in this tree.

Itk Fagus grandiflora 7 e I B (A el A HLA o3 J50RE 2 1H A -
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