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B8 VIEW SUMMARY

Introduction 14%

General Remarks —#%s5HH

Total time is 3 hours. You will find a personal clock counting backwards on top of the
screen.

You can choose your language using the drop-down menu on the top right.
Raise your flag to draw the attention of the staff.

The following marking scheme will be applied:
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Questions with four statements Z T E
Number of correct statements [EFERI T 8L H 0 1 2 3 4
Points 77E{ 00| 0.0 | 0.0 | 05 1.0

Questions with five statements % 71 fGlELH T /EEE

Number of correct statements
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IEHER RS H
Points 478§ 0.00 0.00 0.00 0.25 0.75 1.25

Note: there is no negative marking. Try to answer as many questions as possible.
AR ZEED - FHETREEIERE -
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~ Q.1

Pathway Reconstruction

R EAYERE

Compounds X and Y are precursors in the pathway of Z synthesis. Z is essential for
growth. Wild type ( WT) Neurospora are prototrophs, meaning that they can grow on

minimal medium (MM).
{EE&EPIXHATY & &ZE’JHU%E% ZEH R RHLNEYE - B AR (WT) Y 4L 0 40 L1

(Neurospora) [ B B 73t + that 2 1] M AREE A (MM) 4 & -

Growth Experiment:

Four Z- neurospora mutants were isolated, and results of experiments with these
mutants are presented below (+ = growth, - = no growth).
NGO GRS
ARRIRE G RZYVE Y ZE Bk - BB E RS RO TR (+= 4K - = L%
&) -
apmmzs | owm | MO MEE D MU emme 4 g B LAY
WT
A * ’ * *
ZESE KT - - + + Y
ZESEIR2 - - - + X
EES | - : : + X
ZEgElk4 - - - + Y

Complementation Tests:
Complementation tests were performed by testing for growth of heterokaryons in minimal
medium. Results were as follows (+ = growth, - = no growth).

B REHE -
SR E MU EZBERAEERA A RRET - SRAOT (+=4£E& > -=fi4E
) o
Mutant 1
Mutant 1 - Mutant 2
Mutant 2 + - Mutant 3
Mutant 3 + - - Mutant 4
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Mutant 4 - - - -

Mating Experiment:

Mutant strains were mated and % prototrophs among spores of each mating were
determined. Results were as follows.

RECEE

TRFSESEIR AR E B EC R 1Y R B ARV E 7 EE » &ERATE -

o,
Mating %o prototroph spores

SRR H =M
Mutant 1 x Mutant 2 25%
Mutant 1 x Mutant 3 25%

0,
Mutant 1 x Mutant 4 0% (many spores counted)

ST TR R T
Mutant 2 x Mutant 3 0.004%
Mutant 2 x Mutant 4 0.001%
Mutant 3 x Mutant 4 0.001%

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

TRUE FALSE
¥ B

The mutations in the mutated strains were distributed in two genes

25 L SR 2 9 38 £ E (R R AR

Considering all the mutant strains, at least five different sites of the
Neurospora genome were mutated in one or more strains.

% 8 S B MBI - AL G BRI )5 i B
=

At least two of the mutant strains were double mutants (i.e. > 1 site was
mutated in each of these strains).

EE ST HES Sp SRt Je s

The mutation site of Mutant 3 is positioned between the mutation site in
Mutant 2 and the fymutation site in Mutant 4.

S P SENESS e DRlyiNeS S ke 37 SUNESS i ipd |

It is expected that 25 % of spores resulting from mating between Mutant
2 and wild type strain will be prototrophs.

ZeSEPR 2 BIZESEIR 3 SXFLIRAY T > FAITHIA25% T2 B A=Y

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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DNA Barcoding DNA4: a5 {6

Taxonomy has traditionally been based on morphology. DNA Barcoding is a new
approach that aims to allow accurate and relatively simple species identification based
on the nucleotide sequence of a 650-bp fragment of the mitochondrial COI gene. The
Kimura-2 parameter (K2P) distance is a widely accepted index that reflects the
divergence between two DNA sequences.

PN

FE R EG ERRIB VRS IR MR - LanlRiSHHES

JBN

e R 47 B DNA T Y45

FALEEFCOIRA - K%Y650bpsk i Efd - Kimura-2 parameter (K2P) distance iz —f# %
AR IR HEDNA RS A LA FEAYTE 5 -

In a study on fish inhabiting the Persian Gulf, over 150 individuals were studied that ,
based on morphology, represented 83 species. The average of intraspecific K2P
distances based on COIl sequence was calculated to be 1.15%. The average distance
reported in various reputable fish studies in the world has been 0.25% - 0.45%.

BRI TR Uk i e R B 837 £ (150 (E#) - R#ECOI > FEAHIK2P
distance V45 £51.15% o ZRIMAEIR 2 (i I [F] — R A MU 2R 9 43 {ERE E20.25-

0.45% -

In a study on fish inhabiting the Gulf of Mexico, again over 150 individuals were studied.
Based on morphology, these fish represented 76 species, 56 genera, 32 families, 11

orders, and 2 classes. The table below presents K2P distances between specimens at
different taxonomic levels.

50 SR A E A TRIAT B e b 5T 1 1 S0 (ERGHY &L RIS
2 150fF A FR T 76(EE - S6(EE > 2R} - 1M{EH - BE2(E4 -
NREUNEE A DA SIS E R HIHIK2PE L -

No. of Min. Mean 'I\D/lieslzt(ance Standard
. distance distance o error
comparisons (%) (%) (%) Distance
o -GS 4 SRS (%)
B | movrtere | st | BOTER
*\ fi s . e
Within
species 185 0 0.18 1.66 0.02
EUN
Within
genus 76 6.19 12 20.23 0.42
&N
Within
family 888 10.88 17.43 24.56 0.08
A
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Within 9274 14.57 21.51 28.9 0.02
order

HA

Within
class 3439 16.2 22.77 34.41 0.04

Indicate if each of the following statements is true or false.
e TR H B
TRUE FALSE
E3 i

The evolutionary rate of sequence change in a DNA fragment chosen
for DNA barcoding should certainly be more rapid than the evolutionary
rate of change in the H4 histone encoding gene.

e AR & AR e RO HIDNA S BerY s LR R fEa% L LE HA S fHAH &5 1 4Rt

The high average COl intraspecific K2P distance of the Persian

gulf study compared to other fish studies could be explained by
existence of relatively diverged clusters within one or a few of the
nominal species studied (i.e. those based on morphology).
REHTEY R COIRY P fE N K2P distancett HAtHFE AR » EFRI
SCAE R T E WA TE Y " R N B A e e -

The data in Table support the proposal that species identification of
fish can be made on the basis of COI fragment sequences.

T PHVEGE COIR B ] DL 1l s Jsiey " i

Table 1 suggests that COIl based barcoding is not appropriate for genus
identification.

T BUR(E F COZRE 1" " WA 1 &

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q.3 Genetic Divergence & {53k

Taxonomy has traditionally been based on morphology. DNA Barcoding is a new
approach that aims to allow accurate and relatively simple species identification based
on the nucleotide sequence of a 650-bp fragment of the mitochondrial COI gene. The
Kimura-2 parameter (K2P) distance is a widely accepted index that reflects the
divergence between two DNA sequences.

Haw b AP REE: - DNARESZE &R 704 » S ERIEAEREG COLEARY 650bp
1 B HRZ E B e S T AERER A B R S A P i i - Kimura-22:8 (K2P) BEREZE#E>
PEZHHEE - HLZW T AT {EDNAFR I 2 Ry A2 5

Selected results relating to 16 species from five barcoding studies from different regions
of the world are presented below. Three types of divergence values were calculated,
global, intraregional, and interregional distances. Global divergence which is commonly
used was the average of all pairwise comparisons of sequences belonging to the same
species regardless of location of origin.

JE NETBURIVESR B A E 2R S H R AIDNAL da iR ST 45 R - TiiE AL EE TSR &S K
—IE—ERAV16(EYIE - IFIETE = A XA EIEE © AR - WISRRHETEE - BRI
WIS - FTaBHT 5K A RS S TS " B8 Y sk VA ek B B N e A R Y R PR -

Intraregional divergences were calculated by averaging the distances of all sequences
belonging to the same species from the same location. Finally, interregional distances
were calculated by averaging all distance values obtained from comparing each of the
sequences from one location with all sequences of the same species in a second
location.

BRI S B LR R AT AR B A S s YRR PR S IR R o BAR -
"EBIBRFE] B " BE 25 EERA B 2 A [R]— (E Ry B N F By o B AR

Results of three calculations (i, ii, and iii) are given below:

S EGHC T i

i. The average standard deviation (SD) of 17 intraregional comparisons pertaining to 10
species was 0.11% (minimum: 0%; maximum: 0.3%). The SD of divergences of an
18th intraregional comparison pertaining to one of these species was 1.26%.

— AR O(EYIRE - 21 7HE " E Ik A " PR Y PR AE 22 20.11% (52/N0%, £ K0.3%) °
ARS8 G s e Ay HL o — R T s LR - HSDJE1.26% -

ii. The intraregional divergence of Argyrops spinifer specimens from India was 0.20%,
and the interregional divergence of specimens from India and South Africa was 0.13%.

ENE R R A VIR EH (Argyrops spinifer)f s A 77 BA2RE 0.20% - {H2 EIEEd p I EfEREE
Z [ B2 £50.13% -

iii. Global divergence for Platycephalus indicus was 9.46%. Interregional divergences for
this species were as follows:

-2 fi(Platycephalus indicus)iy 2R3 {LIEE £59.46% » ik 2 IRV EIEERE R MR

https://2018.iboexams.org/exam/b567c0a66ff12c3992da9cf0/results#b6fe3691512d1d487943c6de 7/90



2018/7/20

Joda 2.0 - IBO 2018

India/China 15.78% China/Australia 12.05%
India/Australia 10.61% China/ S Africa 16.05%
India/S Africa 4.05% Australia/S Africa 10.95%

Indicate if each of the following statements is true or false
et R IR R H B
TRUE
¥

The SD value of the 18th comparison in calculation i above is consistent
with the suggestion that the fish compared in fact do not all belong to the
same species.

Ft /E LR (2 L AME " HE T R4S R ) FISDIE S " H L Ak B
AR EH T A 2B E—E" -

The K2P divergence values reported in calculation ii is consistent with
the proposal that A. spinifer populations of India and South Africa arose
from a common source population, but that there is greater variation in
the ecological niches of India as compared to South Africa .

SifEFTE S - K2P divergenceJ{HE L FFE(E £ik © "EIEEREIER S
OBk A SRR ERE o (H BN EEENR I 2R M S A rE IR

BE" e

The divergence values in calculation iii show that, as compared to
interregional divergence values, global divergence values are more
informative of extent of divergence that exists for P. indicus in the world
sTEIY R ERUR - MBS RV &IERE 3 BE - 2R BEER
e B HAEAE Ry 1k -

With reference to calculation iii, the difference between global
divergence value (9.46%) and average of interregional divergence
values (11.58) can be explained by unequal number of specimens from
different regions.

ST &l " E S ER AR R R" 7] DU Ry (al =R LA
(9.46% Bl Ig P B2 R (11.58% )V H A KT A2 2 -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q.4 Pulse-Chase Experiment
AREBER T E B

Pulse- chase experiments performed in cells are experiments in which cells are first
exposed to labeled precursors of specific molecules for a short period of time (the pulse),
unincorporated labeled precursors are then washed away, and presence of label in
molecules of interest are followed through time (the chase). In an experiment designed
to study gene expression, cells were exposed to labeled UTP during the pulse, and
results of the chase part of the experiment are summarized in the figure below:

FTERRY” AREEERITEERR R B C VIR A TECHYATRE(L =% ( Chase Hik
&) > ZALEVIRS AT ZRH TGS - R | ABLE SR AR b S PIAE #
Jek > B AR AN A R R b &k n] FHACGE B i (Pulse ) LR Y 531 -

LUN A HIRRET G oA B SR A 7e BN FIR - iR AR AT e ] 2 B A A AR Y
UTP(Pulse) » F>AEIRFE" BB (Chase)HJ4ER4T T

100%

90%
80%

70%

60%

50%

40%

30%

Label in RNA

20%
10%

0% D

—— nuclear RNA
Hours chase

...... cytoplasmic RNA

Indicate if each of the following statements is true or false.
TR YIRS s
TRUE FALSE
£ g8

Based on the data presented, most (~ 90% of mass) of RNA that is
synthesized in the nucleus is degraded in the nucleus without ever
entering the cytoplasm.

AR AT SRV, K 284 90% Y RNATEARREIIZ N & R EBLK iR e &
HE A HHHEE

Based on data presented, the complexity of RNA (which refers to
number of different sequences) in the nucleus is higher than in the

cytoplasm.
WA Pt 2 BRAV SR, FEAHREAZ A Y RNAKE RS (R [EI P 5 IRNARESR )=
FEAHREE T

Assuming that introns constitute 60% of primary transcripts, splicing can
account for the observed difference in amount of label in the nucleus at
start of chase and amount of label in the cytoplasm after eight hours of
chase.

B — Ik - HN & 15 60%  FOMKENEER AT 5 2 AR
JAF R AT 22 FISEC E Y SR M A EARE 8/ NI 12 RE 4 A S R 22 5]
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TRUE FALSE
¥ 5
It is expected that chases of longer than 8 hours would have ultimately
shown a much higher amount of label in the cytoplasm than seen at 8
hours.
Chase8/ N2 & ELES/ NI - EIE S EHVEECY)
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q.5 Fluorescence Quenching
BOCER (B B

Enzyme activity usually correlates with its conformational flexibility, such that higher
flexibility (lower rigidity) is usually accompanied with higher activity. Tryptophan residues
which emit fluorescence are most commonly located within the nonpolar interior
environment of the proteins. An excellent way to experimentally determine the exposure
of tryptophan residues to solution is by measuring the quenching (decrease) of their
fluorescence. The effect of mutations on the accessibility of tryptophan residues can be
studied by measuring amount of fluorescence quenching by potassium iodide (KI). lodide
ions selectively quench fluorescence emitted by exposed tryptophan residues.
B yoE M B AE R ] SR R > RS By T2 (I EAYRITE ) 2885 A s S 0 0E
M o S MESEAE R ERE AN EL BRI R MEA SR - AR QR IRE
FIR TR NN — R AR E HR e (FEE) - a[DUREBYESH (KI) By
;?i—@r%ﬂ(ﬁ%%iﬁ%@%%%%mgﬁ% o HEE TR R B R IR A - BV R
2% 2 '_{E%f e e

In the experiment whose results are presented below, fluorescence quenching on equal
amounts of three mutated forms of an enzyme (mutant forms 1, 2, and 3) was measured
after addition of various concentrations of Kl (0-0.6 M). Excitation and emission
wavelengths used were specific for tryptophan. Quenching data were analyzed in terms
of the Stern—Volmer constant, Kgy, which can be calculated from the ratio of the
unquenched and the quenched fluorescence intensities, Fo/F, using the relationship
Fo/F =1+ Ksy[Q]

[Q] = the molar concentration of the quencher.

ANV ERRGE R T o IS TERERIKI (0-0.6 M) 1% - HIE T EHY =fHZE8 Ak
(ZERIN,2R13 ) BRI - P FHRVBER IS RIE R RSt 0= BRHY - 1RIE
Stern-Volmer# # (K sv) /o M EE - Hon] LUEE ARG TR Y sm Y EE R (Fo R

W Fr YR -

Fo/F=1+KsyI[Q]

[Q] =AY EERE -

515

i
0 0.1 0.2 03 04 0.5 0.6 0.7

[KI] (M)

Based on the results, indicate if each of the following statements is true or false
FRIBEEIR - F5 I NYIRICE S EsE
TRUE FALSE
3 i
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TRUE FALSE
# #H

Among the three mutated proteins, protein 1 is expected to have the
lowest enzymatic activity.

FE=fZEEELET - EHE1HENEAREAIEEN -

lodide ions have higher accessibility to the tryptophan residues of
protein 2 as compared to protein 3.

BLE B 3L - EE T HE R E2n e AR AR AR = R -

Protein 3 has the highest Kgy,.
EHE 3H mAEKsv

Protein 1 does not have tryptophan residues.
EHEIN BRI -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[~ Q.6  AntimiRs
Piigl RNA

MicroRNAs are short non-coding RNAs expressed in various tissues and cell types that
suppress the expression of target genes. MicroRNAs involved in cancer are called
oncomiRs. Inhibition of oncomiRs using antisense oligomers (that is, antimiRs) is an
evolving therapeutic strategy. However, the in vivo efficacy of current antimiR
technologies is hindered by physiological and cellular barriers for delivery into targeted
cells.

HAIRNASEA(E & TdHAH SR FIAT R s R 7 A0 VI RERTERNA - ARV ERAYZRIR - &
B RERYT ﬁ”RNA%EZlﬂai%oncomle (S FEIRNARY S e 554 (BI: HimiR ) ATHIH]
oncomiRsHYFRI » 2 — i H 2538 FERY R RIS < 281 > H AT HimiR Hfrfs e A ik
%@‘EE@%EH@E’MZ? &5z A B A AHRE A RELSE -

A novel antimiR delivery platform that specifically targets tumour microenvironment
makes use of synthetic molecules called peptide nucleic acid (PNA) antimiRs attached to
a peptide called pHLIP. PNA antimiRs are antimiRs whose nucleotides are connected by
peptide bonds instead of the normal phosphodiester bonds. The structure of pHLIP is pH
dependent. At low pH, a transmembrane structure is induced in pHLIP that facilitates
transport of attached PNA into tumour cells (Fig. 1). pHLIP mediated transport of
antimiR-155 effectively inhibited the miR-155 oncomiR in cultured cells (Fig. 2).

— T A AT E AR PR AR R HTmIR R 5 o AR Rfikixig (PNA) Hifery &
53U A8 B pHLIPEYK E - PNA antimiRsi2—JHantimiRs » Hopg i 175 ik g i
P2 IRBLIEE AL —FagE - pHLIPHYGEREAURPH « fERpH T - BSRERIE &1
pHLIPthlA g » HAe e HyPNABE R ([E1) - pHLIPf#AEHantimiR-155
FyE A RE A o 4 A T HYmMIR-155 oncomiR ([&2) -

a
pHLIP AntimiR-155
Kidneys JJ\/\A
Liver
Extracellular
Tumour y ll @l"i"llﬁ‘ %% (ﬁl 513

SIS ﬂg }E) £ ?E,D ;i
Yo x @) <r; )}
?gb )?h )751 o£ 5 ' r

Intracellular
ALl
v PNA-bound
miR-155
HS.. 11111 ® y

Freg anfimiR-195

Subcutaneous Tumour F7 g
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Fig. 1: Targeting miR-155 in a mouse lymphoma model using PNA- antimiR-155-pHLIP
a: Distribution of pHLIP (yellow and red zones) 36 h after injection into tail. b: Schematic
presentation of pHLIP-mediated PNA antimiR delivery.

&1 : {f FHPNA-antimiR-155-pHLIPSE [E) /)N E R fERE R AYmMIR-155 - a : JE TR E536/)N
K#1% - pHLIP (=&ALt ) f97014ff o b @ pHLIPHFEEIPNA antimiRIEX£H 7 REE]

1.0

o
o

1 pHLIP-anti 155 (pH 7.4) T4 e
2 pHLIP-anti 155 (pH 6.2)

Fraction of Viable Cells

0 1 2 3

0 10 10 10 10

I
o

[AntimiR-155] (nM)

Fig. 2: pH dependent transport and activity of PNA- antimiR-155-pHLIP. a: Microscopy
images of A549 cells incubated with labelled PNA- antimiR-155-pHLIP (red
fluorescence) at two pHs; the label for the nucleus is blue. b, Effects of pHLIP-antimiR-
155 on cell viability at two different pHs.

&2 : PNA-$imiR-155-pHLIP > pH{{EEAE 1S M: -
a © ASAIIREAE M I pH T EIFEECHYPNA-JIMIR-155-pHLIP (ALEESE) R AV E
& VERECEE Y o b FERIREAEIpH T » pHLIP-antimiR-155¥ AV E A2 & -

Indicate if each of the following statements is true or false.
fa T YRl 2 HEEE
TRUE FALSE
¥ i1

Based on the data, you can conclude the liver does not function in
clearing the pHLIP-antimiRs from the body.

MRIBIEEEEE - BT A RETERE SRR pHLIP-antimiRs -

At pH less than 7, pHLIP inserts into the lipid bilayer and thus facilitates
delivery of attached

TEPH/NFATHS » pHLIP R[5 A 4R FE RS &S B g o > (M a0
antimiR-155( &% -

The acidic microenvironment of tumours is responsible for intracellular
release of antimiR-155.

antimiR-155 G{E4HRE A BRI R PR HICREE TP R AL -

The antimiR cargo will be trapped within endosomes.
antimiR 78 25 R RAE AR N G - -

Transition from random coil to helix of pHLIP enhances cell death.
PHLIPHYFEA e A6 dh i s p i e A & (e 4 sE L -
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COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q.7 Steroid Hormones
FE[E =

Steroid hormones affect expression of primary response genes and secondary response

genes in cells as schematically shown in the figure below.

R ] P PR 2R 2 IR T R SR S R AT R SRS RN 23R - A N 8PS

secondary-response proteins

hbd = L |
4 == I‘niz

P
w m

One primary-response protein shuts
off primary-response genes

DNA

Another primary-response protein turns
on secondary-response genes

Primary and secondary response genes can be distinguished by
FIERAN RGBS FEEL N =] DA 77
TRUE
E3)

Inhibition of DNA replication simultaneously with hormone
administration
[EIRF 5 T R I HIDNAKE B

Inhibition of transcription simultaneously with hormone administration

8RS 1 2 B4

Inhibition of translation simultaneously with hormone administration

IR £ S B

Inhibition of transcription and translation simultaneously with hormone
administration

BiliSE e E=FilliH] L Sagill b

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q.8  Uncoupling Drugs
R ABIEEY)

Drugs that render the inner mitochondrial membrane permeable to H™ a’re called
“‘uncouplers”

ST (3 A P B H T B R ey

Indicate whether the following statements are true or false.
fa Y MY RGBS
TRUE  FALSE
E3) i1

These drugs will increase oxygen consumption.
iB LY S I NS RONAE

These drugs will reduce body carbohydrate catabolism.

ja Le g e VRSN IR KA L& Y o R

These drugs will decrease body temperature.
B EEY G SRR -

These drugs may cause death upon overdose because of severe
weight loss.

A8 B R 1T A i P S L B e BSOS L

These drugs may cause death upon overdose because of severe ATP
loss.

i i 2 Ee AR AT sE N B EE VAT P R KM E BB LT -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q.9

Restriction Enzyme Digestion

RHIEG D) e

Some restriction enzymes have different recognition sequences but create the same
sticky ends, as shown below for Sall and Xhol.

— LRIl ELA A [F R S IE & e LA RIRYRE R > 403X Sal | AiXho IFR -

Sall Xhol
\ \
5..GTCGAC..3  5..CTCGAG...3
3..CAGCTG...5'  3..GAGCTC..5
A A

The following gel electrophoresis image shows linearized DNAs obtained after complete
restriction enzyme digestion of non-recombinant (empty vector) and recombinant
(containing gene x) expression plasmid vectors. The expression vector includes a strong
promoter near its cloning site. The insert of the recombinant plasmid was a product

of Sall digestion. The insert was ligated into the vector which had been cut with Xhol.
LUR BeRR K B BN E IR G e = V)BT R B (Z2#kEG ) FIEM (SAARK) REEH
HAG TR IEGHYARAIDNA o FRIFHEAS AF HBETE A R AT B SRR E + - EAHERAEA R B
& Sal IW)ENRHYEY) - K’HE AR BEZERERIE A Xho IDJEIRyEES - -

Sall Xhol Sall andXhol
Empty Recombinant Empty Recombinant ~ Recombinant
Vector Vector* Vector Vector* Vector*
7kbp ............... . O ). B I
Skbp .o .o | . ——
7\ I IR [ FER . EE—
000p f--

* All recombinant vectors gave the same pattern in the gel

EEE B A BT B BB R I 5

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

fat MEIRGIUE S BGEE

TRUE FALSE
¥ BE
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TRUE FALSE
# #H

The data indicate that two copies of the insert were cloned in the
expression vector.

BAE R A W EE H A A 7 Begseia i R sie

Half of the clones are expected to be able to transcribe the mRNA of
gene X.

FFEIAAS - By B R (clones ) Er R AL AXYMRNA

An Xhol site exists outside of the insert in the recombinant vector of the
experiment.

Xholtty D) EI L B L B By B 4H A B B G Y S &

The 2-kb fragment seen in the gel can be used as probe to screen for
the recombinant vectors

FERRF chT RL2-KbIF E T P F s A A e

the insert produced by If Sall digestion was ligated into a vector that had
been cut with both Xhol and Sall enzymes and the recombinant plasmid
subsequently cut with Xhol, a 4-kb product would be obtained.

Sall VJEEA AR Bz AT ELF] F Xhol and Sall®: ) EHskAc # &P R E
HERE, HLIXholVJER AI1554-kb A B

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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Q. 10  Mating in Yeast
BRI RS R TE

Joda 2.0 - IBO 2018

Mating experiments with a yeast species that has 16 chromosomes of equal length were
performed. Results of mating between two mutant yeast strains (shown with an unhappy
phenotype), each with a mutation in a single gene, are shown below. The mutated allele

of each gene is recessive with respect to the wild type allele. Unhappy is a polygenic and

many genes affect the phenotype. Recombination does not occur in these yeast strains.

HEA16fRHERE *@E"ﬁm@%l.hﬁ? ERECE - WiERREZEE R (B "R

g ZEHYECEER - EE EAE

Hy o "SR RS AN FRA ”ﬁﬁﬁﬁ‘%’?ﬁl

Cross 1

Cross 2

DR 248
jt@ ’

WTATR » BREENRZEEZEE

T B R o AEE R R R A SR A B -

2n

Al OO
Oo
All LN

Indicate if each of the following statements is true or false

faH MR B

TRUE

If mutations of m1 and m2 were in the same gene, it is possible that all
products of meiosis of cross 3 will be unhappy.

WIEMANIM2H 22 Y [E— A > JlCross 3 HYJE T L E VAR &

IEé" et HAII

o

If 1 happy to 3 unhappy yeasts were produced from meiosis of cross 3,
then the mutation of m1 and the mutation of m2 were in different genes.
AI57E Cross 3 Y52 4: 3(E SR B EH T > O m (22 88 R)
m2 YZEELE A [FRYARA T -

If 1 happy to 1 unhappy yeasts were produced from meiosis of cross 3,
then the mutation of m1 and the mutation of m2 can suppress each

other.

WIRAE Cross 3 Bk S o e A2 M " S e A B BTN 1 (18" SR e " U B
B Rl m1 RYZEEEFT m2 AYZEE ] DURH 7 1] -

https://2018.iboexams.org/exam/b567c0a66ff12c3992da9cf0/results#b6fe3691512d1d487943c6de
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TRUE FALSE
¥ i
If the experiments were performed with various pairs of unhappy
mutants, the most frequently observed ratio of happy to unhappy yeasts
among meiosis products of cross 3 would be 1:3.
USRS S " A R R R 2E S8R e T B » FII{ECross 31 347
I BRI S B SRR B R ILLBIRR ¢ 3 -
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 11 Thalassemia
Hr R E

Thalassemia, the most common inherited disorder of hemoglobin, is caused by loss or
substantial reduction of one of the globin chains. This results in lowered levels of
functional hemoglobin and decreased function of red blood cells, which lead to anemia.
In a-thalassemia, the a chain of hemoglobin is not produced in sufficient quantity and
consequently, hemoglobin tetramers form that contain only the 8 chain. In B-thalassemia,
the B chain of hemoglobin is not produced in sufficient quantity and the a chains form
insoluble aggregates that precipitate inside immature red blood cells and prevent
differentiation into mature cells.

A R i RAYIMAL R & H R AVEEM RN - B2R—RERE O HE AR E
BV 5 RERY - B EETREMEIMAT R & H E AL M BRI RE R KI5 [HEE 1L - fra-HT,
HBEMES @ MATRE DA sELUE S EEA - RILPRIE A BHEAVIMmAL ZE N
VUERRS o AER-HHUBEIMET - MATE LIRS A RELLUe Sy EE A - Mo RN IE MR
RG> HAEARBGNAVAL BRI A B REL - EL 7B Ry e AR

The normal haploid human genome has one 3 chain and two a chain coding genes.
Presence of four alleles for a chain compared to two alleles for 3 chain in the cells of
normal individuals is expected to results in excess amounts of a chain and production of
a aggregates. However, a aggregates do not exist in the cells of normal individuals. One
mechanism for maintaining a chains in soluble form was revealed by the discovery of an
11-kDa protein in red blood cells called a-hemoglobin stabilizing protein (AHSP). This
protein forms a soluble complex specifically with a chain monomers as they are
synthesized. The crystal structure of a complex between AHSP and a-hemoglobin
reveals that AHSP binds to the same face of a-globin as does B-globin and ensures the
proper folding of a-globin as it is produced. B-globin displaces AHSP when it is
expressed.
B B AE NHALRAH o B — (8 BRI W (i o A5 AL DR o AL TE 58 {[E] BG4 A = B Fy i {2
FArEAEEL - oYU S A AARAVAFAE - FHET S EEE B Yo o 4G - 2R - a
FERN NIRRT ERRAVARE T - fEALMERAMAE 33 Ro-Mm4L EZiR &N

(AHSP) fy11kDa & H - &7~ I 4EFr ilA Mhosny —fiid] - 5% 8 08 AE & RS Blogi B
FeFr EMEP R A MEE AY) o AHSPRIa-MMAL 2 & AP BHE SIS - HEERER
AHSPEAR-FEEE H Y [E— &S & » WhERo-g#dE H 2 AR o] DUERET S - BRI > B-i
HEHHUTAHSP -

Indicate if each of the following statements is true or false
faH MYIRCIUE B e
TRUE FALSE
3 it

Higher incidence of severe B-thalassemia compared to severe a-
thalassemia could be explained by difference in copy numbers of a and
B genes.

B o-sth PO M EARED » B EE B-3t PR M AT A R E s > ATH o
FIBALAIFE H B 7= S AR R -

a-globin/B-globin ratio is an appropriate marker for screening of -
thalassemia.

o-BR & H/B-PRE O EER B A SER-#th R MAEA E & 1RC) -

a-Hemoglobin has a higher affinity for f-hemoglobin than for AHSP
a-IM&T 2R HHB-1MAL 2 5 H YR = i B AHSPHERFI T -
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TRUE FALSE
¥ i
AHSP deleterious mutations are expected to mimic 3-thalassemia
phenotype with respect to a- chain aggregation.
THHAAHSPHY A & 2888 1 - X SR IS B - U & U R A -
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 12  Pentose Phosphate Pathway
Bl I TR AR

Pentose sugars and NADPH are synthetized through the pentose phosphate pathway.
A CHERRINE ARIE & RO INADPH -

uuuuuuu

Oxidativephase<  6-phosphogluconolacton

eeeeeeeeeeeeeeee

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Reduced glutathione (GSH) acts to neutralize reactive oxygen specie (ROSs) in the
body. The reaction for GSH generation is shown below:

FHCHIKERES(GSH) vl ARG A E M E(ROSS) L GSHEY R EAEFEAN T AR

Glutathione reductaseg it H k& 5 [iE

GSH =— GSSG
<~ O\

NADP* NADPH+H"

Individuals with glucose-6-phospho dehydrogenase (G6PD) deficiency have decreased
level of NADPH which can cause the favism disorder. Compared to other populations,
frequency of G6PD deficiency s higher in Africans, and its prevalence in Africa positively
correlates with the prevalence of malaria.

= A HE-6-iE i Sl (GOPD) HY(ERGE#(ENADPHEYE - g E EIE - B
it NEIGEFAEEL - EIRM A » B= GOPDER Ky BT » H B RELE R B2 2 1A
58 -

Indicate if each of the following statements is true or false.
T YIRS S Bt

TRUE #t FALSE &
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TRUE #t FALSE &

The high prevalence of G6PD deficiency in regions with high
incidence of malaria can be explained by high susceptibility
of Plasmodium falciparum to oxidative agents.

G6PD&k = HY R TELE PR SRR 2 1IEMHRE - 7] LU IR & 4
(BRI & S R A e -

Increase in levels of cell division is accompanied by increase in the
ratio of fructose-6 phosphate/ ribose-5 phosphate production by the
pentose phosphate pathway.

AR > ARG - Bl OB R 1 A SR -O kg | AZ0fE -5t ~ Lh
(EURUA=EE VI

G6PD deficiency affects catabolism more than anabolism in
individuals with the deficiency.

GOPDif = E & B RN GRS -

It is expected that the cause of favism in some affected individuals
may be glutathione reductase deficiency.

FRHA— S8 e R A R IR = B H R SR T 5 [REHY -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 13 DNA Polymerase Il
DNAZ &g 11

DNA polymerase Il holoenzyme consists of the pol IlI* and the B-clamp which hold pol
[II" and DNA template together. You are investigating whether during lagging strand
synthesis, the pol IlI* synthesizing the lagging strand dissociates from the 3-clamp as it
finishes one Okazaki fragment and re-associates with another -clamp to begin making
the next Okazaki fragment. You prepared a primed M13 phage (a single stranded DNA
and a primer) template (M13mp18) as a donor and loaded a 3-clamp and pol llI* onto it.
DNAZE &g 1 Hpol 11* A1 B-clampZHfk - B-clampiyr Al EKrpol 111" FIDNAFAT A E—
o (R E B S EUDNARTIE R (lagging strand)i » & R R Ipol 11 E A G AE5ERYL
—{iflOkazakif Ezf% » HIB-clampirit » 231& A1 S —{EB-clamp&h & » FAtGE R N —1{E
Okazakif E% « {R¥Ef T M13 phagea(FELEDNA K. 5 [ T-4HAL) 1t (M13mp18) E 5
donor » 2R 1 A —1{EB-clamp A pol III* -

As acceptors, you then added two more primed phage DNA templates, one (M13Gori)
preloaded with a B-clamp and the other (¢X174) lacking a B-clamp (Figure A). You
incubated the templates together under replication conditions for 90 min — long enough
for the donor and acceptors to be replicated — then performed gel electrophoresis (Figure
B, lane 1-4). You then repeated the experiment but now loading a B-clamp on X174
instead of M13Gori (Figure B, lane 5-8).

PEEARIIA B IR 2 A S [ HNE R A 1F £ acceptor » Hrh—{#Z2A 1A B-clampHy
M13Gori > % EREZH A B-clampiy @X174 ([EA) - {RiZEdonorflacceptoriyDNAFE
IIAE—#E - #ETEBINNE 9074 (3EHFH & LAFEdonor 1 acceptor #ETTHEEL) » A% HE
{78k (& B, lane 1-4) - HZ HEMHEIRVES: » H/ZE XA - K—{EB-clampfil A
eX174 - A HHE M13Gori fii AB-clamp > E%%iﬁ%ﬂjéﬁéﬁ%ﬁﬂ B, lane 5-8 -

(A)

B clamp [ clamp
PoI 1
5 Ve M13Gori
M13mp18 ﬁ—) M13mp18
Two acceptors
Donor
Donor Acceptors
(B)
B clamp on 3 clamp on
M13Gori BX174-
Time(s)- *15 30 60 90 15 30 60 90
M13Gori- —
M13Mp18- s ————
BX174- - — Ee—p—

1 2 3 4 5 6 7 8

Indicate if each of the following statements is true or false.
TR N YIRS s

TRUE FALSE
# i
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TRUE FALSE
¥ B

After replication has finished, Pol llI* dissociates from its original -

clamp.

RIS Pol Il @IEANIB-clamps 3 -

The data are consistent with the notion that the B-clamp is not

absolutely required for replication.

PSS SREL B-clamp AR SR B2 HYBS—2

Pol IlI* prefers an acceptor template preloaded with a 3-clamp.

Pol III* R4 a4 B-clamp Ayacceptorf&Eif o

Based on the results, one B-clamp is enough to synthesize all Okazaki

fragments on the lagging strand of each replication fork.

FRAEPTIS4ES - — 1 B-clampst & PAFESHE# 54 X (replication fork) fyZE

R & A Okazakif Bz -
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 14  Para-Nitrophenol
TR

The enzymatic reaction below includes two steps.
NI P 2R S FE L FE WA {(E2E B
Para-nitrophenyl-peptide—para-nitrophenol + peptide

Para-nitrophenol has maximum absorbance at wavelength 405 nm. The progress
curve of the reaction is shown below.

Para-nitrophenol £} =405 nmiki A e RHIROLREE - SMERTHERE dh &R ] -

-
—
—
-
—
—
—
-
—
—

—
-
—
—
—
—
—
P
-

Region b

(405 nm)
AY

Region a

Absorbance of Paranitrophenol

/
/
/
/
/

Time

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

faH M YIRGIUE B

TRUE FALSE
#f o

The release of para-nitrophenol occurs during the first step of
enzymatic mechanism.

para-nitrophenol R i3 A AE I 22 S ERY 55— [

The rate limiting step of this enzymatic mechanism is the second step.
IR IE B2 SR AU 56 IR ESE
Enzyme activity can be determined from the slope of region “a” of the

curve.

B A M AT &I a " By Hh SRR AR E -

One of the reaction products activates the enzyme.

Hoh—{E i fEEYr &S bR =R -
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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g Q. 15  Amino Acid Metabolism
P LI ot

Amino acids resulting from the degradation of proteins can be further metabolized by

conversion to intermediates of the citric acid cycle. The following labeled amino acids are
obtained by degradation of a labeled protein.

5B HE I R AR RS ] LU A SR R 6 (citric acid cycle) AT EIED) - NI #
FRRCHIR AR - 2 H T AR EC Y E B B 2RAY

Q)
14 C00

I 2
CH 2o CH
2 14
2 © %‘d 3 @
H N— CH—COO HN—CH—COO
3 3

Aspartate Glutamate Alanine

H N—CH—c00®
3

bt
Indicates radioactively labeled carbon

The Krebs cycle is below. Note that most a-amino acids can be directly converted into
their corresponding a-keto acid by transamination reaction as also shown below.

T E R e U EER (Kreb cycle) » 41 NE[FTR - 25 S (transamination) » R ER 3 A
W% m] LUE PR p S fERY a-keto acid -

Citrate

ql:oo-
[+]
Il CoA tH
WO+ N -00C—C—OH
HC” “gcon 00~
':I": H—C—OH
) 00~
\“:/c coo- -ooc—c::—n coo® coo®
CH, <> | |
[+ Oxaloacetate e i H;N —CH 0=C
NADH + H* oo~ ) oo, | |
Isocitrate R, R,
‘ NADH + H* alpha-amino acid alpha-Keto acid
NAD* o ¥ 0, (alpl )4 (alp ),
~e°
= i
HO—C—H Hz .
| alpha-Ketoglutarate  ¢H, Transaminase
CH,
Malate | ¢oo-
coo-
NAD*
/( + CoA TOO@ lcooe
CoA—S &
e N naH + we 0=c¢ HsN—CH
Ho? Ny coo- ] + €0,

| |
H
¢ coo- : Ry Ry

C
SHeEE | ?H’ (alpha-Keto acid)1 (alpha-amino acid)2
Fumarate ‘liﬂz coo-
FADH, CH, GDP + P Succinyl CoA
GTP

|
FAD. 00~ + CoA

Succinate

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

faH MYIRGIUE B

TRUE FALSE
Ea i
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TRUE FALSE
# 55

Upon introduction of the aspartate into the Krebs cycle, label will first
appear in oxaloacetate.
— Haspartatef A e U EER - #HTECYR & 55 —(E 3 AT oxaloacetate

Upon introduction of the alanine into the Krebs cycle, label will first

appear in citrate.
— Halanineit ATe= {8 » #ARaCY)i & 55 —(E i Ecitrate

Labeled alanine will yield *CO, during the first turn of the cycle.
et alanine E 5 —ElER G4 CO,

Labeled glutamate will yield *CO, in the second turn of the cycle.
HAEETglutamate 55 Bl EEE g £ 11CO,

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0

ANIMAL PHYSIOLOGY AND ANATOMY
B A EER R £
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[ Q. 16 Pain Transmission J&/& f17{#1E

In figure a, the pain and temperature sensory pathway is depicted. The first-order neuron
enters the spinal cord and forms a synapse with the second-order neuron, which its axon
ends in the thalamus. The third-order neuron transmits the information to the brain
cortex. Figure b shows the vibration and proprioception (joint position) sensory pathway.
The axon terminals of the first-order neurons are located in the brain stem and

form synapses with second-order neuron, which crosses the midline and their axons end
in the thalamus. finally, the sensory information is conducted to the cortex via the third-
order neurons.

[ afEU AR MM SR ARV B R« 55— 4R iaiTTifE A A BBTR B S — it i se

il > PN ACE T 2 BhioS R BIR BN o S = O TR R IR ERS A -
[EDRER T IRBIA AR BN (BRI BT (1L B BE (AR S - Sh— ST il o8 X B Rl
EASE O TP R - S O T eI R SR T R A B - RIRHEES
= IW SISV SE N A

Following a spinal injury, the right ventral and left dorsal sides of the white matter in
thoracolumbar spinal cord are damaged.

iR E SR s i a R I 2 IRy e B 2 286 -

@) (b)

BT

BRI R
/1N

' ACE RBP4
SRIBHE BRI 28

o AHEE

PRI wee =L NS ’ — = S

SRS Rartan

HE (A
FBARTIMAFE

Indicate if each of the following statements is true or false.
et YRl E H BsE

FALSE

i

TRUE ¥f

The patient has impaired temperature sensation in right hand

BEGTHAREDRE -

The patient has impaired vibration sensation in left leg.

AR AR IRE) -

The patient has impaired joint position sensation in left leg and
temperature sensation in right leg.

B AR RREN L B AR AR RE -
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TRUE #f ALSE
i
The patient has impaired pain sensation in left leg.
BE TR A RV -
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 17  Cardiac Response to Emotional States
o G S Y ST

Perception of the emotional stimuli is a reciprocal process between the brain and the
heart. In an experimental task, pictures depicting facial expressions were quickly and
sequentially presented to the subjects at different phases of the cardiac cycle.
Participants then rated the emotional intensity of the faces in a scale of 0 to 100. Given
the role of the amygdala in the process of fear, the amygdala response was measured in
normal individuals and subjects with pure autonomic failure (PAF) at the time of
presenting facial expression images (using the fMRI method). The results of the study
are as follows. (Consider p<0.05 indicates significant difference between groups).
EHUE%D OB ARIRHE < T AR o TAIERIEE IS - £ 0EEEA EPEE -
Gy EREA ARG B - iR sl EaHE R B 54 m (0]
100) - A CAZAE MBI BOEfE th s E S A > AERER MR (THEEMRI) » 40
FRIEH a8 e EfisERng (PAR) BERCIVIE - tHFRaERBURATT - (p <0.05
ToNHE AR AR) -

T ]

Fear ZLi# I |
intensity 32 72 I

rating F43 70
68

ECG [ ElE

J S D
Fearful ZL{#ErY *
facial expressions fiiF= 1% = 16 |
Neutral 54 12
intensity a8
Neutral ffr{:fy rating 3743 4
facial expressions f#iiZ< 1% 0
S D
I systole (s) v (Late) diastole (D) &7
p <0.05 p>0.05 p<0.05
20 . ! ! ' "
0.1
nght E 1.0 " nght E "
amygdala #{°f% l I amygdala ("% o0 — g
response [ZfE ili ) response [ [ ° g
- -0.1 H
1.0 s b s b N
Fear Z4#  Neutral % Controls ##]  PAF

Fear 2L

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

e YRGB -

TRUE FALSE
#f i

Perception of the fear face in the systolic phase is higher than the
diastole phase.

e i L SR P R AR R AT S R PRI
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TRUE FALSE
# #H

The difference between systolic and diastolic response of the amygdala
to neutral face images is the opposite of facial expressions of fear.

T AT AZAE AR &Y i ST S b P e T 17 AL RV RE A B B R AR Y S A
K -

Increasing the arterial baroreceptors sensitivity in the carotid and aorta
may cause a significant reduction in the perception of the fear.
HEBIARER 7527 2 SRR £ BHARABRURNME AT REE 2 sz sl R Y IR
HIFEE T -

Increased blood flow to amygdala in the systolic phase compare to the
diastole phase cannot explain the results of this study.

W PR A DO U T SR Ry VIR S AR RR IS TR SE R4S
Ho

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0

https://2018.iboexams.org/exam/b567c0a66ff12c3992da9cf0/results#b6fe3691512d1d487943c6de 34/90



2018/7/20 Joda 2.0 - IBO 2018

(o Q. 18 Light Refraction
HRER S AG ARG D CIT BT HIRR (%

When a light beam enters another medium in an oblique angle, its direction will change.
This phenomenon is called light refraction. The amount of this change in beam

direction can be calculated by Snell’s law, where “n” is the refraction index.
EDCRLMERITT A S —/VER » BRSO - SR R Th o JCREsISHy
P B ] LUE TR B EFE(Snell’s law)it 5 > Eo“n"Z 45 (A5

fast medium /& slow g
(smaller index of refraction) #4H{4%# /N  medium /&

Snell's Law T E & &

n sin 6
1 2

n sin 6
2 1

This phenomenon is also the principle of conversion and diversion of beams in lenses.
Power of a lens can be calculated by the following formula. Optical power of a lens
demonstrates the degree of convergence or divergence of the light beam.

(D: Power of lens, r: radius of curvature)

D=(n1-n2)/r
FE IR G2t 2 S H (B0 /K S G ) o' AROEHGUR I (m Y S PR - S50 (B/K S AG )HY B AT DA AR DA
TAFETE BEEEE TN - SRR EERS ARG - ZKEEE 2 AR RE T R IE MmO

W2 EREEEHAETE (D @ $RIEBUKERRIIE » ri P
D=(nq-np ) /r

HRHSHYEL B

F& (mm)

FERERTE7.259

1%17i5.685
KSR 8.672
1%1H6.328
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The figure below shows the eye structure of Anableps sp. which can simultaneously see
objects in both aquatic and terrestrial scenes.

TNEEDTR T Anableps spRIIRHF G -« © R LUK A F/K EAIEERS = R ivYas -

(B)
A) Anableps sp B) Anablebs spgidliE C ) Anableps sp HRIEH T ElE

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

a8 T Y ERCLE S5 -

TRUE FALSE
¥ i

The largest refraction index belongs to the lens.

KGR RTS8

The largest amount of refraction belongs to the lens.

Kimie BB R ARH AR ITH & -

The light beam would be more divergent when passing through the

aqueous humor than the cornea.

I B AR R LR I E bh A B 3R

Considering the different diameters of the lens of Anableps fish, light ray

1 and 2 belong to terrestrial and aquatic spaces, respectively.

Anableps sp BH R [FE EEHY/KEAS » BTLARIRFEFI2E R, - /KB FRAK

A HIRER /M E RSSO RN A s » SER2AR /KA IRER)
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 19  Tyroid Hormone Transport
IR AR ZAEHE A 2 iy

Thyroid hormones are transported in blood by proteins. The TBG (thyroid hormone
binding globulin) is the main thyroid hormone transporting protein. Many factors affect
TBG concentration such as estrogen and OCP (oral contraceptive pill), etc. OCP
increases TBG concentration. T3RU (T3 resin uptake) assay is a method of
quantification of unbound TBG in the blood. It indirectly measures the capacity of
patients TBG to bind radioactive labeled T3. The less patients thyroid hormone level

is the more radioactive labeled T3 will bound to TBG. Thus, since radioactive T3 is only
detectable in unbound form, the T3RU assay result will be lower.

HHIIR PR Z B2 (VB 45 S DRI s - TBG (HRIZ4ESHED ) BEFEHIREE
KR o STFHRPETBGRE - AIMEHEMNOCP (LfkE4s2EE) & » OCPH I
P TBGRRE - T3RU (T3 resin uptake) o] f LLEALMLIR FRGE EAYTBG o FHERIFREH]
B EERANTBCH BN ML TINVEE G RE ST - BRI RIRBMER ) - B U AR
LT3R BITBGEE & » [N Fs R A AE RGN MET3 - AT LI R B E G R BIRER 2R
#i/ > TIRUFFIS4E &K - FRUIT3RUZ &SR vl LB RSN HIRIR Z & & -

According to the above sentences and the principle of feedback in physiology,
indicate which statement is true or false.

R EAtrnA B EER R A - SR BRI $ s -

TRUE FALSE
# #H

In primary hypothyroidism, the thyroid function test would be like below:
TSH increased T4 decreased T3RU decreased

JR M FIRBR DR MERY B - EHIRARDIRE AR & Z S5 SR Al |
BATSHERN - TAGE/D > T3RU T

A person who use OCP and is euthyroid (normal functioning of thyroid)
the thyroid function test would be like below:

TSH normal T4 decreased T3RU decreased
FHIRBRDIRE IEE I NG ARFHOCP » BRI RIRTIREM & &S R AT REA |
BEANTSHEEIEE - T4zERE/D » T3RUTF

In primary hyperthyroidism the thyroid function test would be like below:
TSH increased T4 Increased T3RU increased

JR M HIRBR DIRE UMY 7 > BIRBRDIRE R A &E A mTRELO I

R TSHIRERE A > TAZ RN - T3RURIY

In secondary hypothyroidism (pituitary dysfunction) the thyroid function
test would be like below:

TSH decreased T4 decreased T3RU decreased
TR FIRIRTIEE R NE (ISR TIREERE) BT > HIARIRTIREMR
ELERAREMT -

AN TSHIRERN - T4 & [ > T3RU N

In tertiary hypothyroidism (hypothalamic dysfunction) the thyroid function
test would be like below:

TSH normal T4 decreased T3Ru decreased
M =S HARIRDIRE R T (MR EDREERE ) WVEE - HIRBRDIREia &4
EABEAD -

ARNTSHREIER - T4SE T > T3RUTRE
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TOTAL 0
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(o Q. 20  Sperm Motility
FEFEE)

Spermatozoa motility is essential for the fertilization of an oocyte. In most animals,
including fish, spermatozoa are immotile in the male reproductive organ (testis or sperm
duct). Spermatozoa moaotility is triggered after being ejaculated into the female
reproductive tract (in animals with internal fertilization) or after it is released into the
aquatic environment (in animals with external fertilization). lonic composition and
osmolality of freshwater, seawater, and seminal plasma of pike (Esox lucius), sturgeon
(Acipenser ruthenus), and cod (Gadus morhua) are shown in the table. Pike and
sturgeon spawn in freshwater, and cod spawns in seawater.

KET-HYEFE VRGN 2B 2 RIE R - TERZHENYT - BREEAE > B TR EESEE
(SEADEEE ) TEUEAEIN - M EEAMMEAEE (BASBNEY ) sSUEREIK
BRI (BIMZENEI)) 18 A HEREFGES) - RPEUR TiHRA ( Esox lucius ) >
fim e ( Acipenser ruthenus ) FlfEf ( Gadus morhua ) FiE/KARRE(EIERK - 78/K)
FIER R EVEEF4HRR RSB R o (B Al e /Kh Dy » 6% S E7K R EEDN) -

%7K K 73S fizt i fa
Na * 0.26 469 7 20 197
PR (mM) ' °
?ﬁﬁ(i ) 0.22 546 112 6 179
il +
ffr‘fj )K 0.07 10 82 1 6
5 2+
fa%&)?ca 0.38 10 2 0.2 3
2%;%55’; ol k) <1-5 1000 302 51 385
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(A) BB R (ZE0/E) A ( B D E) 1 158k % s 2 - NaCl JIE g H LA # e als

1E70E - i NaCl and A 25 B8R/ S RE ra g 70 (L7

(B) ZZ B HF (25 00E) 15 705 B)% 7 i 2 - NaCl FIEERE LI Rz g 70 (L7 &
(C) #Hl T3 15 7058 Z AR RANE T IF B[S

[ 40mOsmol/kg Hfg 7 171 E

Use table and figures to indicate if each of the following statements is true or

false.

{58 R TIE FE AKF5 T F IR ¥ s -

2 - KCI(mM), 7517 iNaCl 2 eI 32 7%

Sperm motility in pike and cod become triggered in a hypo-osmotic and

hyper-osmotic environment, respectively.

& RIS RS 15 1 5 IE (RS 1B BRI = 2 BB 2 BRI P s 5%
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TRUE FALSE
) i
Under physiological condition, osmolality is the main factor that inhibits
sperm motility initiation in sturgeon.
EAERGT » BEREIRE S T EEEE S EHRE -
Sperm motility in sturgeon become triggered after discharged into a
hypo-osmotic environment with lower K+ ions.
fig fa IS T8 T R EK "B TR 2 BB A -
Environmental osmolality is a key signal to trigger sperm motility
initiation after release from reproductive system into aquatic
environment in marine fish
IR S BRI K RS T B BT E A E KA IR T 5 [ 38 F-FdeE
ENEN | S
COMMENTS MAXIMUM POINTS STUDENT POINTS
TOTAL 0
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[ Q. 21 Epstein-Barr Virus Screen M\ JE{EZ % 5 S5 VURIR BN EH

Nasopharyngeal carcinoma is closely associated with the Epstein—Barr virus (EBV)
infection. In a recent prospective study involving more than 20,000 participants, detection
of EBV DNA in plasma was shown to be useful in screening for nasopharyngeal
carcinoma. However, 5.4% of participants without nasopharyngeal carcinoma had
detectable EBV DNA in plasma at recruitment. Figure below shows the effect of ambient
temperature on test results.

SIS IR 2R e VAR 5E (EBV) Eeres UIAHRH © (2R —IH ki i820,0004
Zal 2 ATEME e T (HIME T EBV DNA Y& & 0] [ Eite 0/ - 280 » Ho
5.4% 2\ Er e 2 S o (B RTEMIR S EBV DNA -

NERER 7R S AR GE R R

Sensitivity refers to the test's ability to correctly detect affected patients who do have the
condition. It is calculated as: number of affected patients with positive tests/total number
of affected individuals studied.

- Specificity relates to the test's ability to correctly identified those without disease. It is
calculated as: number of healthy individuals with negative tests/total number of healthy
individuals studied.

- R R R T IR B e R B
SFEOTEAT ¢ ORISR > 8 0 e e -

- MR S IR 1 IERERERE R EL s [ R A
TR o et (e A R S e A -

||||||||||||||||||
<1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

ean ambient temperature on the day of sample collectionff & K 7 E# R E
°C

Participants positive for EBV DNA, {[f 6 H{EBV DNA
=without Nasopharyngeal Cancer (%){E fi &0 > [L{] (%,
O
.

Based on the data above determine which of the statements is correct
R EHEVEES - HIERGL R B EEE
TRUE FALSE
¥t s}

Based on Figure above, performing the test in warmer places will
increase the specificity.
R _LIE - AERCRERAY I T TR S e — 1
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TRUE FALSE
# ]

When a test becomes more sensitive, the specificity of the test will
increase.

BB E R - AR — MR i -

A 100% specific test will be 100% sensitive.
R B —14: £ 100 90 R HAURN M4 7R 51009 -

To rule out a disease, it is better to use a test with high
sensitivity instead of a test with high specificity.

Fo T HRRE S RERIREN - S EASBEMEZ N AN A ES
H—MZ W57 -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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™ | Q.22 Frog Embryo Morphology
ERAIM AR RE

Figures X, Y, Z show the sagittal sections (the plane which divides body into left and
right parts) of a frog embryo from the surface to the depth, respectively. Figures a-d are
cross sections of the same embryo shown in Figure Z.

Figures X, Y, Z BUR eV (FIRCHI ) - Figures a-dBiRZIE] b VU (&Rt )i 25 R IE
) e

Based on the above figures, indicate if each of the following statements is true or
false.

fREE EImEVE S - f5 NS IREUE s
TRUE % FALSE

Figure “a” is the cross section from region “1 .
a=1

Figure “b” is the cross section from region “3 .
b=3

Figure “c” is the cross section from region “4 “.
c=4

Figure “d” is the cross section from region “2 “.
d=2
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COMMENTS MAXIMUM POINTS STUDENT POINTS
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(o Q. 23  Heterotopic Grafting
SRR

The early embryonic cells pass through two stages of differentiation: specification and
determination.

AR AR AR SRR R (1 73 (R PE B © dHRE M ERY S EANERSHAE 3 (b an AR E -

Wic graft [FEI{iL B NEIE
e D :E:% Specification Hi{t;
y (B) Isolation (in vitro culture) FE#kELBE M

Red spinous sphere 4T toififiEk

(c) Heterotopic graft FEArAEY) (i) No determination 4L

Label doner #iiSiar iy fEE
Early F.Hf

Labeled d|<_3nor JF;H‘SE’J?EE“*’% (d) Heterotopic graft F{rft#1 () Determination 73 L
ate

Based on the results of the experiments a-d, indicate if each of the following
statements is true or false.
IR E AR - F5H LU N YIRS s -

TRUE FALSE
# #H

This data supports that the fate of the determined cell is not reversible.

1B BEBHE SR AIRE R T L S A AT

The cell that is specified loses its other differentiation potentials

EAE B LA AR Rt & 2 = H U5 (LB

If the graft is removed at the late stage and cultured in isolation, it will
give rise to the red spinous sphere (shown in the picture)

WERBARYHENSHRE PR it - RIE A sl ek (g )

If the graft is removed at the late stage and cultured in the presence of
the eye including factors, the eye-like structure will be developed.

WIERBARY SRS ER - AEBAIREAEN TFE NEE - AIRHP R
IR AV &S -
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COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q.24 Phylogenetic position of Symsagittifera
SETET S SR VAR & RR (At i

Uljanin in 1870, discovered a group of marine, soft-bodied, unsegmented hermaphroditic
worms without hindgut and coelom. The mouth in these worms opened to a central
digestive parenchyma. They moved with their multiciliated epidermis, although, many
were ‘surprisingly muscular’. Most of the species were free-living and some were
ectocommensals. It has now been showed that several species form obligate symbioses
with green algae, making them functional photoautotroph organisms. Later, phylogenetic
position of these multicellular animals was studied using the complete mitochondrial
genome of a member of this group (Symsagittifera roscoffensis) which has been given in
the figure below.

Uljaninjit 18704537 | —BEZ ARG NIRGHE ~ SEAG 6T ~ SEGHRE D\ « 22 MEREE 3SR
f o HPIAYRE LS B s e OB LR LA A, - HuIfE A 2B HIR B E) - A EILA
R o RESBHEFHEE B AR > RN - AP P E — R
£ (HEMBRREEEEAEY) - MitEss (Symsagittifera roscoffensis ) (5 S & #a
NEEERM TSI ARG S EEN > & TNE -
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— ACropora ------------- Cnidaria
Geodia .
" Oscarella I ot (outgroup)
— Aurelia ----------e-e- Cnidaria
— Trichoplax

l4er Ecdysozoa

Lophotrochozoa

Ecdysozoa

Lopho-
trochozoa

' Paraspadella
0 pdets | cractognatea

Lophotrochozoa

Deuterostomia

Xenoturbellida

0.1 oz — " Acoelomorpha

Indicate if each of the following statements is true or false:
TE TR B
TRUE FALSE
E3) 8

Based on this tree, Acoelomorpha is a sister group of Deuterostomia.

IPEENYIP T2 18 LR h IR B

Based on the above given description, the identified worm is a
triploblastic acoelomate.

i ER E A =M
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TRUE FALSE
# #H

Based on the above given text, the identified worm has incomplete

digestive system.
SHEa B A A E R E RS

The provided data is consistent with the hypothesis that the identified
worm belongs to the earliest diverging lineage of Bilateria.

TGS E - Ik SERE DI sy wa otanl S B3R

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 25 Phylogenetic Position of Dicyemids
Z I BYIF E VISR AR &R (%

In 1876, van Beneden, found a group of microscopic ciliated wormlike organisms that
inhabited the renal sacs of cephalopods, mainly octopuses and cuttlefishes and named
them as Dicyemids. They have long fascinated biologists because of their highly-
simplified body organization and enigmatic life cycles of asexual (under normal condition
producing vermiform larva in host kidney) and sexual (under crowded condition
producing infusiform larva excreted in host urine). These ciliated animals are composed
of approximately 20-30 (or 40) cells arranged in two layers, and they lack coeloms,
circulatory systems, and other differentiated tissues and their embryos employ spiral
cleavage. Due to their simple body plans, it can be considered as intermediates between
the Protozoa and the Metazoa.

Z P BV (dicyemids )2 {E1876F & AT —EEAMEAVENY) - WMar LT e HE 5
e MRy S AeE REE E ATV - £ T - S LR R E A IR A4
& 0 B ETTAEAE(EEERE LR PIREHEEaE &) -

B4y 20-30 (240) (EAHAEHFYIERIE - 2R RGHE - TERR A UAEAAAES - B AL

BrEIREINR - NPT RASIRAGER - A DA 19140 & S84l Ry i 2 Al B Y B[R A= B9
CREAFAEAER)HY AL -

1R4%18S rRNA (1196 bp) 14518 + 28S rRNA (4564 bp) R#EInnexin amino acid (394 aa)

Ecdysozoa i F7 1)) Ecdysozoa f§ KEf1) Ecdysozoa #7811

Dicyemida EF/81%) Platyhelminthes [/ Platyhelminthes /&0
Platyhelminthes Mollusca & E&%1#) Dicyemida Y Ei¥)
Mollusca #a&sh4 Dicyemida 2/ &%) Mollusca #XEEEH)
Annelida 2658y Spiralia FHEEI—— Annelida B2&iE0¥)  Spiralia &S Annelida ZZEiE1]

Spiralia 7

The phylogenetic position of dicyemids suggested by previous phylogenetic studies remains
controversial

TERTEHTHIEG 1B )RR o (71 7 Fde

Based on these data and Figure, indicate if each of the following statements is
true or false.
RIE EE - f5H T IR H EiE
TRUE FALSE
fal 72}

Based on the above explanations, infusoriform larva is a mean of
dispersal for these animals.

IR Ll BV - 22 B0 a8 4l ek A AR

Based on the above molecular data, these animals are missing link
between Metazoa and protozoa.

RIBELL EH > T5898 - 2P e 2 AREnY) B IR AR B YRR AVER -

Based on the data, these described animals faced a regression
evolution during its evolutionary history.

RIZELEEE - 2P EELERE T A8 TEF 2 S ERVRE -
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TRUE FALSE
¥ i
Based on the given data, it is more likely that Dicyemida is more closely
related to Mollusca than to Ecdysozoa.
R DL EEGN - 220 B S AR EL R i ) - 1A 2 SR B
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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™ | Q.26 Flight Apparatus of Birds and Bats &} #illRigEa ] T4k

The figures 1-4 illustrate the schematic cross-sectional anatomy of bones and flying
muscles of a bird and a bat.

Figures1-4 7R S SR IETR THILEZATRBE = B e U) i s el s -

(©)

s Hig/ AL

4)

According to the structures in the figures, indicate which of the following
statements are true or false:
MR B A& - fRH T IRCILE B e
TRUE FALSE
¥ §H

Figure 1 and 2 are the bat structures.
[ 1 B2 iR R S5 1E

The animal of figure 1 and 2 has seven cervical vertebrae.

[ 1 B2 2 s B RS

In figure 1 and 2 the only mobile joint, which is involved in wing’s
flapping is scapula-humoral.

[ 1820 - B TS A R Y R Eh iR 6 A TR - R

The muscle supracoracoideus in figure 3, is responsible for downstroke
movement in flapping cycle.

P B Y T a5 R ESHY Y LR E

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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PLANT PHYSIOLOGY #E¥74E
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[ Q. 27 Anthocyanins {E5Z

Anthocyanins are vacuolar pigments that consist of two phenyl rings and one
heterocyclic ring. They are the source of red to blue colors of flowers and fruits. Changes
of vacuolar and soil pH, formation of complexes with metal ions, and introduction of -OH
groups particularly at 3" and 5° positions and subsequent methylations at these positions
all result in production of variations in the colors of the pigments.

TERREREOER » HMREFIRN—(E RN - EfTES TR ERVAL O TR GO -
REA L RpHAVERAL ~ Bl e TP RE &) ~ R E3 RIS N5 [ A-OHZ » LUK S
RALIEEI BN FEAL - SIES O OB ESE -

For example, increase in the number of hydroxyl groups or complex formation with metal
ions shifts absorption of the pigments to longer wavelengths, whereas methoxyl groups
(OCHB3) shift absorption to a slightly shorter wavelengths. Given that plargonidin (1) is
the most abundant pigment in the variety A of Tropical Water Lily flowers (Nymphaea
spp.) indicate if each of the following statement is true or false.

B0 - FEREEL B EE T e &Y H R I I SR e =AY R RS B S R AT & » TH
gt (OCH 3 ) R EI s SRR AV & - Hrjitplargonidin(1) /2 AT £
SEAVEER - F5H MRS -
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Indicate if each of the following statement is true or false.
fa T F I ER IR $ B
TRUE FALSE
£ i1

Pigment 3 is the most abundant pigment in flower E.

FEALEERIET - R 3SBREZHEE -

In Nymphaea variety C, pigment 4 is more abundant than 5.
eI E M EC T - mRALESHEE 2 -

Compared to the other flowers, pigment 6 is mostly abundant in flower
D.
B H A snfEAY{CAEEL - DR RO E 2 -

The color of flower B is explained by presence of higher levels of
pigment 2 as compared to pigment 1.

EEZR ML > sfEBHTEER N R 20V IS 2 -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 28 Boron as Micronutrient
MEmEEEZ

Boron (B) is an essential micronutrient for plants. Its uptake, transport, and function in
plants appear to be dependent on the formation of B complexes with sugars, such as
sorbitol in phloem sap (Fig. 1) and a specific dimerized form of pectin in growing cell
walls. Yokota and Konishi (1999) studied the effect of various exogenously supplied
sugars including sucrose, glucose, and fructose on promotion of pollen tube growth by
formation of sugar-borate complexes. Pollens were cultivated at different concentrations
of B for 20 hours. Effect of sugars on the pH of the media is shown in Table 1, and the
length of pollen tubes incubated with the various sugars is shown in Fig. 2.
B (B) ZHEYILFNHEEER - EEEY IV - SEAThRE AR BELREF AL
HHE &) - BIANE] R80T T A LLSLHERS (sorbitol) (1) e & A4HAEE R &2
TR AHAVRE -
Yokotaf{IKonishi (1999) #&H1HE - BIEEEIE S ZJURK - AHTEAE 2 BRINA A HE
(EIFERERE ~ A tERIRNE ) SHRIETH E A RIVE: - RO EAEDRERB T H&20
INEF o BEATREPE AL pHEVSZ IR AR - B [EE — i B8Ol e it A R R A E
2Ff718 °

Figure 1. Boron-Sorbitol complex #lj - [//Z4fzZg 54

Table 1. Changes of the pH values of the pollen culture media containing different sugars
after adding boric acid at different concentrations (first row).

NIRRT - EA A FERERTERE R ZpHESZE - FAIIZBRERE A E (B5—51) -

H3BO; fifiiiz (mM) 0 5 10 20
Sucrose JEF 5.2 5.2 5.0 4.9
Glucose #j%jif# 5.2 4.7 4.5 4.3
Fructose i 5.0 3.7 3.5 3.4
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4 _
’E‘ Fructose
é 3 ] I /
c
5 . N\ .
S 2 4 Sucrose
(]
o]
21 -
S
§ 0 [ [ [ [ 1
0 5 10 15 20
H3BO3 (mM)

Indicate if each of the following statement is true or false.
R MY ERILE B B SE -
FALSE

TRUE & o
e

Growth inhibition of pollen tubes by high concentrations of B is more
pronounced in medium containing sucrose as compared to frqctose.
BLAERELD - EREIBEI O B A R ZHIHIE S A REEr R AP
HHE -

At lower B concentrations (5 mM), growth inhibition of pollen tubes
was more pronounced in medium containing glucose as compared to
the other sugars.

FEARHYBIRIE (5 mM)T » BLELAERHEE - SA maii s aE ATt E
Z A RANHIEE A -

Inhibitory effects of fructose on pollen tube growth increased with
increasing concentrations of B.

BEE BYRFEAURIND - OB TORYE B AL R -

Based on effects of sugar on pH of the media, relative levels of sugar-
B complex formation is as follows: Sucrose < Glucose< Fructose.

I o HI R » RE-BI S IV AT & BT ¢ A<t
KBS -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 29 Nitrogen Fixation [ 4% {EH

Nitrogen is an important nutrient for all plants. While there is an abundance of nitrogen
(N2) in the atmosphere, most plants are unable to convert N, into a usable form. Fixation
of nitrogen gas into ammonia is an ability restricted to nitrogen-fixing bacteria. The figure
below shows prerequisite step for nitrogen fixation through symbiosis between these
bacteria and some plant species.

FEMTAEYNERESER - #ARRTARENE (N2 ) - BERZEHEYI A EERN 8
{ERRTHIVIEE - RAESMEA RS REESET - NE# RS Ly B tg P
HySEA D ER - RIS EE R AYERE -

Recognition ¥k Infection g

calcium 5 _Y ig:ﬂ“:'
spike 18 Fop tep s Brd

LE o s _;_., Nodule formation JfZ i fRJ&E
DGR BRID

ndicate if each of the following statements is true or false.
e AR LR B B S -
TRUE FALSE
3 i

Between two major inorganic nitrogen forms, NH;* and NO3™ which the
former is mobile in the plant, while the latter is not.

WA F SR A T - NH,"FINOg™ - i AI{Era Y PR - Mg
HIREE -

Immediately after recognition of plant by bacteria and recognition of
bacteria by host plant, a calcium spike occurs in the root cells.
TSN EGEAE Y R e FAE a2 1% - YL RIEAR AR a2 85
T

The plant hormone cytokinin is needed for initiation of nodule formation.

TR AR R 5 S ET B AT L /R Y -

Release of bacterial exopolysaccharides is the necessary and sufficient
condition for a functional symbiosis between rhizobia and its appropriate
host.

AMEHES N MEH R IRURAR R e B L8 B i . R DO RE M H AR A R e 7y
foRpF -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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L Q. 30  Photosynthesis H-&{EH

Arabidopsis thaliana was used in a study on photosynthesis. A. thalianaplants of same
age, with leaf blades of equal shape and size, were placed under various light sources
that emitted different colors. Three plants were exposed to each light source. The
groupings of were as follows:

FTfizfH7+ (Arabidopsis thaliana ) EWH7E A ERIIEDEL o & EAMEETARFIAR/ NEE
F 2 EFEEREAATEARREEREEYE T - F=FREYRENREEER - o -

Group a: blue light B¢ Group d: blue and red BZ ;7415
Group b: green light %5t Group e: yellow and green & & %:%

Group c: red light 475¢:

After 5 days of illumination at equal intensity comparable to normal day light, in terms of
total amount of photons and duration, the plant's physiological parameters were
compared. The compensation point was measured using sunlight.

M — R H IR - AR E DS K% Edﬁﬁ%%i BN RS LhEta Yy A B
SH - FERGET - EFEY) Z SEAmHER -

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

fan MY ERGITE B8 -

TRUE FALSE
#f i

“ ”

The plants of group “a” showed the highest photosynthesis rate.
‘" HAVE B R T S H O ETE R -

Among the various groups, the light compensation point for CO, fixation
was the lowest for group “b”.

FEEHT > “b"H Z [ElRS(E A E R R -

The biomass of group “d” plants was higher than group “c” plants.

‘A HEYIRIAEYIE SR AT -

At light intensities just above the compensation point, the rate of
photosynthesis of group “e” is expected to increase linearly with light.
FEMSF S RHERGOETRE T - ™A G E R e G 2 4R T
B -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 31  Aquatic Flowering Plants 7KEBH{EREY)

Some flowering plants are aquatic and have adapted to live in aquatic environments.
They are divided into 3 types, depending on how much of the plant is normally positioned
inside or outside of the water. These groups include emergent, floating, and submerged
plants. The organs of submerged aquatic plants grow completely under water.
ALY KR » BB AR KAERRE T o EFOEE AL /Ko eds K 77
FRySREMAAY o 5 SRR A /KM ~ MR KEAEY) © KRV & B 5E A /K 4
E o

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

e T FIEHER KA IR S ER 58

TRUE FALSE
) i

They do not have xylem as they can absorb water from all of their
surfaces.

EMEARER - NAEMALUEEATERERBSOK T -

Given that some species do have stomata, their opening and closing of
the stomata is not expected to be driven by circadian rhythm.

R Y E A SRAL - RILAIFIERAEZ A & 2 2SR ETEEHIEEE) -

These plants are heterophyllous, with thin and dark green leaves.

EUEYEAREK N EIEMEER R - HEAEHNRGORET

These plants have a well-developed supporting mechanical tissues with
thick walls.

EEEYIE A% E R AvBmM S s > HESEEE -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 32  Speciation and Extinction in Saxifragales
FEEE HAE YR LARTREE

An important question in the evolution of angiosperms is the influence of life form and
habit on speciation and extinction. In a phylogenetic study of the morphologically
highly diverse plant order Saxifragales, the effect of habit and life history on speciation
and extinction was investigated. Figures A-F illustrates estimates of speciation (A) and
extinction (p) rates in annual, perennial, herbaceous, and woody lineages (Soltis et al.,
2013). The results are given as posterior probability density, which reflect the uncertainty
associated with parameter estimates. Dashed lines represent the median values of each
distribution. Net diversification rate, r= A — p.

Posterior probability density is a function that use to specify the probability of the random

variable falling within a particular range of values. Range of value, as oppose to taking
on any one value.

W tE YA LB R Y — {18 B R R R AU S A U M R B AR R & - TR RE S
FELSBHIRH S H 2 2808 e - 2205t 7 @M A4S L b RORaE 2 5o & -

EIA-FEUR T —4 ~ ZHEA ~ EARIAARZ ZRAT(ER (M) MUK&ER () (Soltis%
2013) - [iE LS/ LRI FAYERIEREE (posterior probability density)—fF e - =
SEH IR S B R i E A A T -

R SR ACRERE iy AL » TF IR r=A-p -

TORRRELT RS B R e R E NI  ZERVEEEP MR E

— LR — R
— A — K
& 1
1
e B 1
fiid i i
e A s
oS ¥ £
¥ e ¥ = ®
i i i
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i
SRRl ! B, 8 g :
= ¥ 5
5 X &, |
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Indicate if each of the following statements is true or false.

T Y I ERCIE B e 8 -

TRUE FALSE
# B

Among different lineages, woody lineages have higher speciation (A)

and extinction (u) rates.

TEARFEIS ZR T RAZHEAEESIEEE () S (1) -

Results are consistent with the idea that shorter generation time causes

higher speciation rate.

B Bt SR s AU B = A e R — 2L -

As compared to the other groups, herbaceous perennial lineages have

higher rates of net diversification.

ELHARAAELL - EASFE AL A B AR SHF TR -

Generation time and breeding systems affect rates of diversification.

[ERRVIEI I VIE VIENGN-of 7 S &
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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l- Q. 33 Evolution of Annual vs Perennial Life-Histories

—AEAE B A S AL

Phylogenetic relationship among several species of the

genus Nemesia (Scrophulariaceae), accompanied with geological time scale, is shown
below. Predicted states for annual/perennial life-history have been mapped to the tree.
Annual life-history is shown in black and the perennials are shown in blue (from Datson
et al., 2008).

Nemesia J& ( 2.ZF} Scrophulariaceae ) #%&({[E)fd ~ IR (% » HEHVERC > 4018
BTN « —fFAEIZ ARSI TERARE A E e iR E b - —FEZ TSR DR
T FEAZLEEFOR (Datsond - 2008) -

— ZEAYEZAEL
— MRz AES

Oligocene i I Miocene 3t LPI.IQu
L L L L L L
40 K] 20 10 0

Indicate if each of the following statements is true or false.
e T YIS ERL R H B -

TRUE ¥%f FALSE g&

The phylogenetic tree suggests that Nemesia originated during the
Miocene, but the majority of extant Nemesia species radiated during
the Pliocene and Quaternary.

ZEHNEFTT Nemesia FEJETL F#r i (Miocene) » {HAE 73 ERAFHY
NemesiapyfEE1F it (Pliocene) (PL.) 125 /U4 (Quaternary)
(Qu.) HAfE 2 AR R AL -

The phylogenetic tree suggests that the most recent common
ancestor of Nemesia had an annual life form.

ZEHRETET © Nemesialty 4L ERSE 2 — A LAY -

The phylogenetic tree does not show shift from annual to perennial
habit.

SR 2 R L 1 2 RS 1 2 6 A -

Diascia rigescens is the ancestral species of all other taxa in
this phylogenetic tree.

Diascia rigescens e afik &l 1 A H Al BEF VIR -
COMMENTS MAXIMUM POINTS STUDENT POINTS

https://2018.iboexams.org/exam/b567c0a66ff12c3992da9cf0/results#b6fe3691512d1d487943c6de 64/90



2018/7/20 Joda 2.0 - IBO 2018

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 34  Polyploidy in Veronica
Veronical& i) 2 &

Correlation between genome size in polyploid and diploid lineages and life history and
occupation of alpine habitat for the genus Veronica(Plantaginaceae) were investigated
(Meudt et al., 2015). The genus primarily originated in northern hemisphere. The
phylogenetic tree below includes variables of interest including:

BHSE T A5 R (5 HG S 2 AR RIGH R/ NEBL Veronica & (Hifii5f} 5 Plantaginaceae ) 1
S LAY AR TS S AU RAME (MeudtZs > 2015) - %8 FEEIF AL FER - THEAZ
S At s A [F Y - fEE

1C-value (amount of DNA contained in a haploid genome)
life history (annual: bar; perennial: no bar)

habitat (non-alpine: no bar; alpine: bar)

ploidy (2x to 18x).

1C-E (EEEASANMH T & A HIDNARE )

Aums (4« R A IR
Rt GRS« ik s i)

HAGE (2x £ 18x ) -

Outgroup

b

Veronica

Southern hemisphere
species

T
IR

N
Wﬂ s

I I B O 1o I I N
00 15 300 10 10 5 10 15

1C-Value alpine habitat
life history ploidy

Based on the above Phylogenetic tree and data indicate if each of the following
statements is true or false.
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R EAUEHIRE K B8 - L T BERR L B B0 68 -

TRUE FALSE
B B

All the Southern hemisphere species are polyploid.

FTA MR AN S 2 e -

Polyploidy is always accompanied by genomic upsizing.
SRS FERE AR R4 AR AL -

Transitions from annual to perennial life history can be accompanied by
migration to the higher elevations or cooler climates.

(e R B A A S S ] FE i R B B e R B R R R
fi -

Annual species are never found in alpine habitats.

FE LI S e R SR — AV -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 35  Kleptoplasty F5HEEAKALHI AT By

Chloroplast symbiosis or kleptoplasty refers to a naturally occurring process that results
in maintenance of chloroplasts of one species in host cells of another species. This
process has occurred in sacoglossan sea slugs (Figure 1: Pierce and Curtis, 2012). Cells
that line the digestive diverticula of the slugs maintain chloroplasts that originated from
algal food. Sea slug species with these chloroplasts are able to tolerate starvation for
periods up to one year. It has been shown that some sea slugs are able to retain
functional plastids for a year or more, or even to the end of their life.

"TELRAG LA B R ARAG N LA 1T " (Kleptoplasty ) JSEFE RGN T » BELKAGREAE
H"E B "R IRE RIS o S (R S A" S s EE N ([E1 ¢ Pierce &
Curtis » 2012) -

IR BURE LR - HUM B = TRV (R 2 B SRS - BB RS
HY SR R 5 0 2 (B R - AR RE S R TR M B e R —
RV > EE DS IRE -

Several hypotheses were tested to find the mechanisms behind this kind of symbiosis.
All earlier attempts to locate algal nuclei in such sea slugs failed. However, recent
studies have demonstrated presence of Vaucheria litorea algal nuclear genes in genomic
DNA of the larvae of the slug Elysia chlorotica which have never fed on V. litorea. Note
that use of animal proteins by chloroplasts seems implausible.

Ryl st - RIEER N T 2ERER - B —{EfE e e & A n e L
BIVIEANIA" - FIIRIT L 2 A A AR TR F R AR -

(B BT ATRSC S e RNz il % (Vaucheria litorea) 4555 5 K4~ (Elysia chlorotica)
ShRG RS RIAH H & INE 4 L s I I Z A

s BRI AN M EYIE A ARERF EFE

Based on the given data indicate true/false statements.

FRIZFr i (AR FIET T YRy s -
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TRUE FALSE
# ]

Horizontal gene transfer might have resulted in transfer of certain genes
of the harvested chloroplast into the genome of some slugs, particularly

in slugs that have maintained chloroplasts for long periods of time.

RIS ARG th 2 At AR A R R/ KPR B RS - LR
IR BELR RS g gy o

Activity of lysosomal enzymes in host cells must be minimal in order to
prevent chloroplast ingestion.

s AR T RS I R A E ORI N RE R L A TR BRI B LKA -

The sea slugs with algal chloroplasts also need algal mitochondria to
ensure a source of energy during periods of starvation.

BRI GRAGHY /BIn G th B BRSNS - DURECR EE  BREIYRE &
AR ©

Nuclear algal RNA present in ingested chloroplasts could somehow
persist for as long as one year in the sea slug.

W A HYIESCREG T T EHEEIZRNA > B S e s banae P9 AR 2
FrERE—F -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 36  Angiosperm Morphology #i T4/ HEE2

The following figure shows two histological sections of an organ from an angiosperm
plant. The tissue section on the left was prepared from the medial part of the organ,
whereas the section on the right was from the lateral part.

T EERE T EYIES ERYR(ERRET) R - AAHIRVAHEY R 2 EE eSS E R TR o Al
H R RIS Rl -

ndicate whether the following statements are true or false.

fEH LT RS I BUEE -

TRUE FALSE
) i

The sections were prepared from a monocotyledonous plant.

PR B B EE Y -

The sections represent a modified stem.

EEEYIH RF AR -

Transpiration occurs in this organ.

e EAZERUEA -

The vascular bundles are of bicolateral type, meaning that phloem is

present on both sides of xylem.

HEE R EAR NS - JRENEE] R AR AR E BB R ] -
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0

ECOLOGY AND EVOLUTION
AREELEAL

LN N
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[ Q. 37  Trophy Hunting in Bighorn Sheep & ff=E A8 Fl] S farfiliF 55

Bighorn sheep (Ovis canadensis), the males of which are famous for their magnificent
curl of horns, live in North America. Their hunting was restricted in 1970. This restriction
made trophy rams (males with large and fully-curved horns) extremely valuable,
sometime costing over $100,000 to be hunted. Funds raised in this way were used for
preserving bighorn habitats.
KF5(Ovis canadensis) » M DLEATRERY FiRdedh i il - AREEILSEM - M fIavsF
JRAEN1 97O HEIR ] - B fHR A 15 n SR AR AT A (BA K 58 S iy Ay kErE)
z%gg% AR R 10E ST A e R - DU T ERIVE SN IRE
eSS

Coltman and his colleagues (2003) showed that there is a relationship between year and
decrease of mean mass and mean horn length of bighorn sheep in Alberta, Canada
where trophy hunting was conducted over 30 years.

Coltman®: A#537 - JIE AR AAEEN R AFMHUTR 7B E30F » FyER A1 FgE
B AR Z AR -

80

70 4

60

50 1

40 o

30 T T T T T
1970 1975 1980 1985 1990 1995 2000

Year £

Average horn length (cm) EHI A&

100

90 1

60 [}

Average mass (kg) 9 E &

50 T T T T T
1970 1975 1980 1985 1990 1995 2000

Year £

Indicate if each of the following statements is true or false.
fa TR S B -
TRUE FALSE
¥ 55

The observed changes in the mean mass and horn length imply a
reduction in the bighorn sheep population.

BRI P EENARENELEWRRAFHEELRD -
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TRUE FALSE
# #H

Phenotype-based selective harvest can change population characters if
it targets heritable traits.

BEVHHE S SR B AT E RAVFHEVENY) - GRS (R AR
B MR ERA GRS gEE -

If variation in horn size is mainly due to additive genetic interactions, the
heritability (the portion of the phenotypic variance explain by genotype
variance) for this trait would decrease over time.

WIS A AV NS - EEIZHNEE (additive B 5 B F AR E - Al
%ﬁﬁﬂ@%@ﬁ(?%ﬂ%%‘ﬂ%ﬁi%@iiﬁ%ﬁﬁ%m%rﬁ)Bﬁ%ﬁéﬁaﬁﬂw’ﬁ%ﬁﬁfﬂ%

By hunting males with longest horns, the variance in the reproductive
success of the males increases.

R EA R AN - MM EIERTIHYE LT (variance ) &4 -

The trends establish genetic correlation between horn length and mass.

ERHIESE AR ARNE R Z A E MR -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 38

Haldane's rule

EresUEEEN

J. B. S. Haldane (1892 - 1964), one of founders of the modern evolutionary biology,
stated that if among hybrid offspring one sex is absent, rare, or sterile, that sex is the
heterogametic one, i.e., in an X-Y sex-determination system, XY hybrids are
preferentially sterile or inviable. Presgraves and Orr (1998) decided to test Haldane’s
rule on taxa lacking a hemizygous X.

ESRIRMRECEY SR N2 — - M85 BRI FRAHE R AP E P —(E MR 5E 2
B~ R B AEME R ERE R A T

BIATFEXYPERIRE 288 - XY UG A 22 - ftliPresgraves & Orr (1998) mLAE
MARA XY R VE SRR EVRA] -

They focused on the mosquitoes from the genera Aedes and Anopheles. In Aedes,
males are XY and females are XX, but both X and Y chromosomes carry complete sets
of homologous genes, while in Anopheles Y chromosomes are degenerate. They
compiled the available data on the sterility of the hybrids resulted from crossing pairs of
species in these taxa (Tables below).

T AP RIESUE - PEUBEXY 24 (HEXY - MEXX) - (ERELUEAYY iR 1L -
REEREEBRAAER -

Hint: Assume each character is controlled by many loci.
Feor ¢ (B R R A 3 2 AR A R

Data on Aedes BRI TE#E

A crossed with B

A ° ASHBYESE

Only males are sterile

Ae. zoosophus

Ae. triseriatus

HA A A

Ae. triseriatus

Ae. brelandi

Only males are sterile.

A HEEA 2

Ae. sollicitans

Ae. taeniorhynchus

Both sexes are sterile.

W 14 A

Ae. taeniorhynchus

Ae. nigromaculatus

Both sexes are sterile.

W E AL

Data on Anopheles A & #E

A

A crossed with B
AHZEBEERT
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An. albitarsus An. daeneorum Only males are sterile.
AN
Only males are sterile.
An. crucians An. bradleyi
HAHEMEAZ
Only males are sterile.
An. freeborni An. occidentalis
HE A2
Only males are sterile.
An. freeborni An. atroparvus

HAEREEAZ

Indicate if each of the following statements is true or false.
TR MRS B e
TRUE FALSE
¥ i1

If the males in genus Anopheles were under strong selection, we would
expect the same pattern of hybrid sterility as presented here.
WISFERE R M 2 aa R BERER ) - IRy e (it & 23— 1%
HIER SR -

The hybrid sterility patterns observed in both genera are consistent with
the idea that alleles involved in hybrid sterility are recessive.

T W8 {181 /85 o PR 22 B RS 2R B 8 BN F i S i B A2
PE"HVER S — 2

If the pattern of sterility in Aedes were identical to that of Anopheles, it
would disprove Haldane’s rule.

AR BRI B H A RIS — I — 1Ay - RIg S EE AR -

The pattern of hybrid sterility in Aedes suggest variation in Y
chromosome functionality in this genus.

DA BHYRE A ZHARDE AT LARR A Y AL gG i D RE AT a4 s P e A ] 2 52
iy -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[~ Q. 39 Selection in Humans
N R FE

Bustamante et al. (2005) analyzed the pattern of polymorphism in the human genome by
sequencing over 11,624 genes from 39 humans. The table below shows the

distributions of synonymous (changes that does not result in amino acid
replacement) and non-synonymous (changes that result in amino acid

replacement) single nucleotide polymorphism (SNPs - variation within species):

Bustamante et al. (2005) JMIFF39(E A - ##811,624{FE 5L - 2K 53T AFEELRIAH Ay 2%
FEMERE S, - RN T [EF(synonymous B[ B A% G 3N o i e e L e (X 888 ) FFE [E) 3%
(non-synonymous 4 888 g 4k i iRk e 1A 528 ) BEAX T I 0 RE MY 70 1 (SNPs-Fl A 882 22 )

Divergence SNPs
pan|w v asil e 2is
Synonymous
4 157
s 34099 5750
HFEI 20467 14311
Non-synonymous

In the table, divergence refers to the fixed differences between the humans in this study

and the chimpanzee genome.

fE B TR B IR A Y AL Y7 52 - 8 BB R AL INAGHIEEEL -

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

S S

Greater ratio of non-synonymous to synonymous SNPs relative to ratio
of non-synonymous to synonymous divergent sites suggest the effect of
negative selection in human.

"FEEIFR M [F M SNPsHYLLE " # IR EIF M S [E Fe o (LA R "B LR E R
= BURHAE NIRRT 3842 T A m KEE -

The ratio of synonymous/non-synonymous SNPs is higher in genes
involved in chromatin structure.

S BT R LR o 5] 26/ F] 2 SNP S LL (e s -

Arms races caused by host-specific pathogen would decrease the ratio
of synonymous/non-synonymous substitutions in divergent sites
between human and chimpanzee.

H¥ s A RGPS [REAVEEL (R - SRR B R IE 2 A [E]
e ERIEIEREISEIE e A N e

SNPs present within chimpanzee population cannot result in any level of
reproductive isolation in chimpanzee population. B
FIRIE IR P AEAEAYSNPs 7 & HH BB R B FR A A2 FE 0 A A R Bt P
IERRAIE -
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COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 40  Evolution of Sex M1

The evolution of sexual reproduction has remained in certain aspects a puzzle which is
yet to be fully pieced back together. Over the years many hypotheses have been
proposed to explain this phenomenon.

AVEAETER A AR R EE TT RS — (B R 58 PRV ERE - 2K ARF 2 REi
EA YR TR E R 5 -

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

fa SIS B EsE -

TRUE FALSE
# i

The effect of sexual reproduction on the association between alleles is
expected to improve the fitness of co-adapted genes.

AR AT S 2 A BN R M s L s S B AR A i 1

Given that the majority of mutations are deleterious, sex is expected to
counter the loss of mutation-free individuals in small populations.

FR RSB 2 AFN - AR/ N T ] DR S e S (RS HY 2
9% o

Avoiding inbreeding in sexually-reproducing organisms is expected to be
advantageous when deleterious mutations are co-dominant.

”;7% e R LRI - W p BB AT ) AR YRR R & R A A
(o

One would expect a greater proportion of sexually reproducing species
in stable regions, as compared to unstable regions.

MBI ATRENIRE - RRERVEIRT - [EX G A StLpInyE T A EAE
YH.

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[~ Q. 41  Gut Microbiota and Cancer
5 48 e P B e A B o 14

According to the evolutionary concepts, symbiosis is a general characteristic of living
organisms and can help to understand complex features and phenotypes. Gut microbiota
and host evolve in symbiosis and developed an integrative circuitry essential for their
survival. This complex relationship resulted in a personal evolutionary adapted
ecosystem. Recently developed genomics and metagenomics approaches helped to
discover the link between the gut microbiota alteration with the host health and disease.

REEES > SHERAEYRRHE R - AR E RV R BRI R -

P EHAE EAERAE TE(E - R —ENHAFEREENSGSER - IR
HEL —EE AV E L EE R AERE L -

BT B S5 B RSN AG ER AN AEAC AR N AR BRI - 3 B 2 2 B 28 T A A SR B g T (R AR
T < IR -

Gagniére and his colleagues (2016) highlighted the unexpected role of human gut
microbiota in colorectal cancer. More recently in a study conducted by Flemer and his
colleagues (2018) it has been emphasized that the heterogeneity of colorectal cancer
might be related to the types of gut microbiota that either predispose or offer resistance
to the disease.
Gagniére®: (2016) 5t 7 ANJEHGER LS ERGHRE T HVESNEE o fIT{EFlemerds:
(2018) EFTHY—TEIAITH - SRE4EHS ERGRE Y SE M4 AT SR L ) BN B R A B MRS
ERAEZEAATRE -

% % %
~
Kok
|
S
g ,L,
3
g ; ¥ % . E=2 Control
S BECRC
;;; B Polyp E.[A]
| i
Bacterial group 1 Bacterial group 2 Bacteriai group 3

Boxplots show the relative abundances of three bacterial groups from individuals with colorectal
cancer (CRC), individuals with polyps (the intermediate stage between healthy and cancerous
tissue which does not always turning to CRC) and healthy control (HC). An asterisk represents
the significant p value which represented as ***p value<0.001; **p value<0.01; *p value <0.05; p
value >0.05.

ELLBLERU A H = R FHIERR  [EZ EE (CRC) - HEAGE L A(polyps)&
BHGEIIHIIEIE)E - 8RR [T RS - (AR —E BRI
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BIARIEPE - plE<0.001; ** p{E<0.01; * pfE<0.05; pf> 0.05 -

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

e YRGB -

TRUE FALSE
¥ i
The microbiota compositional differences between patients with CRC
and the control are secondary to the onset of cancer.
CRC B 7 M1 Ia4H ~ MRV Pl e IO AR -
Changes in the abundance of the bacteria group 2 compared to the
control are restricted to polyp.
B HMEEL - Al EE20Y S B LIRS A4H -
Any bacterial group that populates the gut is in association with an
increased risk of CRC.
(AR ARG A A R B A A0 o 18 e R CRC Y g
The polyp-associated microbiota can be used as an indicator for
individuals with higher risk of developing CRC.
B RAH BRIV A AT E B B = CRCEHH g Y ([ AS < FEAE -
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 42 Trophic Relationships
EEMSEEIE G

One of the basic ways to illustrate trophic relationship in an ecosystem is to

use pyramids of energy and biomass, which are the stack of rectangles. Each represents
the amount of energy or biomass within one trophic level. We know a proportion of
energy and biomass is lost from the ecosystem when transferring from one to the next
level. Therefore, the size of each rectangle decreases when we move from one level to
the level above it.

FEAERR RS TR 2B AR AT A —2EMEENEVEN ST - EMTEEPH
B o BEAR—(EEESFINVEEREYE -

HAIHE - BB 2 o —(E ks - sE BN ERIEES g hA R LR TRk -
R > &P —(E e g e e _E ey iy - ARERER g -

Energy g & Biomass 4: )&

Energy fE & Biomass £¥)&

Examples of pyramids schemes in different ecosystems. As you can see biomass pyramid can
be inverted in some ecosystems.

T IFERE R T FIELNIPNT « WP - LB FIE AT LU RE AP A -

Indicate if each of the following statements is true or false.
fa T Y IRGILE BB -
TRUE FALSE
H i

Inverted biomass pyramids are caused by low density of heterotrophs at
any given time.
EYEeTFEGEEZHREEIN RS EYIFTER -

We can't have regular energy pyramid when biomass pyramid is
inverted, thus the energy pyramid for the inverted biomass must be
inverted as well.

EHRYRETIERER - R EF AR TE - HILEE
AVIENREESTFIETOARE -

Biomass of autotroph are usually greater than biomass of heterotroph in
terrestrial ecosystems.

SRR R T B EMAEYNEYEEE AR RS AV AR -
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TRUE FALSE
¥ B
Given that phytoplankton has more rapid turnover, the biomass pyramid
is more likely to be inverted.
EE Y L R B Y B eI ARG HE -
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 43  Competitive Exclusion
EHET

The competitive exclusion principle states that whenever two or more species compete
for same set of limiting resources the superior competitors can drive inferior competitors
extinct. On the other hand, some species coexist in naturally nutrient-poor systems while
they need same limited resources. For example, pitcher plants (carnivorous plants) are
considered inferior competitors. Brewer (2003) investigated an example of interaction
between pitcher plants and another species.

e ERIRAEH W{IYE%%@ S AHEIRY A TR E RS - 5935 2 g RE - 55—
i AEEH AR T -~ RS EEIRE = AR RS I E - @E TR RAEERY
AIRER - B0 - FEEEs (B WNIEY)) EZD/L\%E%%@ i o Brewer (2003) WFesERE el
SR MRS AR -

0.4

0.3 A

0.2 4

0.1 4

Proportion of roots in total mass 1445 & ]

0.0

Neighbors Reduced ##4j&/ Neighbors Intact #5825

W Pitchers open [F# &
[ Pitchers starved 2

Effect of pitchers starving and neighbor removal on production of total dry mass in pitchers’ roots.
Error bars are + 1 standard error (Pitcher open means the pitcher plant can easily feed. after
Brewer, 2003).

FEAEE A AT D 5 S R AR E a2 - ARG fE 1 FFE 7 (ST a7
ONHE AR G R o EBrewer - 2003 ) o

Based on the graph above, indicate if each of the following statements is true or
false.

R L > 5 TSIRGILE S -

TRUE FALSE
E3) |

When using the same resources, inferior competitors fail to coexist with
superior competitors.

EFERAMERNEIRE - 558 FE — AR MBS F T -

Inferior competitors can coexist with superior competitors if periodic
disturbance remove or reduce population of superior competitors.

W A DUB AR S ERECR MBS 2N E - 598 n DL B E S,
WP
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2018/7/20
TRUE FALSE
¥ i
Intense competition can result in competing species to diversify so they
can coexist while reducing the intensity of competitions.
AT AT RE SR G AR R I PIREE M (L - LB A DT - [
R PR (OB FH SR -
When pitcher plants are starved their ability to coexist with their superior
competitor is significantly decreased.
EFERE AT - BBl RS IR I BE TR -
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 44  Species Diversity ¥ 1E 1

Regional species diversity in ecosystems usually increases with primary productivity
while local species diversity does not show any defined relation with primary productivity.
It suggests that different processes have distinctive influence on species diversity at
regional and local scale.

Kl i (reginonal )47 25 B M i i 2 0 AR A T T i > B 30/ N5 (local )iy )
ZERVEERRI AR E DA A MR R - AFRAE &SR E YIRS AN A E -

Figure illustrates four hypothesized mechanisms and their influence on a-diversity (mean
local diversity) and B-diversity (diversity in species composition between local sites).
(HNDD : Interspecific negative population density dependence. CNDD: Intraspecific
negative population density dependence.).

st BH T PURE AR AT S HL s a- 25 i M (& BB RGP E R 2 A M )R B- 2 A M (R [F =)
EOERRGR] - PTRAH R A SRS A5 2 - (HNDD @ B R g N B B e i o e 5
=2 EHH] - CNDD = BB & R Ky (R TR 27 155 538 v 1 <2 2T

Regional processes@iajiﬂfﬁ Local processes FEB1]
A A

B B

b

Diversity%%’fﬁz
Diversity 251

8%

—% —
Regional speciesl& ig#)f& HNDD

richness'& = /&

B

e
Q

S
7K

Diversity 2%
Diversity 24

—I} e ——
Regional environmentall& sk B2 15 CNDD

heterogeneity B2 4

According to the above hypothesis, indicate each of the following statements is
true or false.

R LA ERER - FEH DU T St 2 B s -
TRUE FALSE
¥ i
Predators or pathogens specific to the dominant species will decrease
a-diversity.

IR B RSB f R A BN REE - g Ra-ZhM: -

Increasing CNDD has a homogenizing effect on community composition
among sites.

B HICNDD & [FE A bA [F] b RGBT AR -

Regions with weak HNDD are expected to have higher degree of
community differentiation.

HNDD# 51 & I8 G A = HIRE R T R -
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TRUE FALSE
¥ i
Environmental perturbation acts in a fashion similar to effect of
increasing CNDD on alpha and beta diversity.
BRI B S iICND D afIB 2 AR Ry 2 2 -
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 45 Predator Evasion in Adélie penguins
e e B B T

In Adélie penguins when both parent leave the nest to find food, three-weeks-old chicks
group together for protection. In this species, social defense behavior can occur in
unusual ways. When adult Adélie penguins reach the coast, they gather in groups before
diving into the ocean, where usually their predator (leopard seal) could be lurking. The
penguins have two choices, first to dive together, or wait until one of penguins dives so
they could make sure if there is a predator or not.

o] (] (G SCRFEE TR S BN - I RAVEES G IR AR R R - EiE
{EFE - ﬁ@%ﬂﬁﬁu%%%%mﬁﬁLﬁ°E%EW@Ni%ﬁL@F% efg
TERRGEHE - NRBNER > BEEMYRES (VEUEs) e ESE e -

%?ﬁﬁﬂﬂl B B K 0 BE R EAEEKER > MM R E RS AR
5 o

Indicate if each of the following statements is true or false.
et YRl H B -

TRUE FALSE
¥ B

This is an example of altruism behavior as the penguin that jump first
could be hunted by possible predators while transferring its genes by
helping its relatives.

iE e AT REY—EGF » REE Se AZKHIRIE FTRE S i/ e & Jafs - i
R R T E B Ry M - FEREY(ER VAR -

According to above example we can say one individual have influence

on what other penguins are doing.

fﬁﬁi&?}‘%{iL?W HAPI T i — (M E RS 1T B i e ELA O S (B AG P S B 2
B -

If a new strategy arose which would make a penguin trip another one
into the ocean without retaliation from others, everyone in the population
would adopt this new strategy in the long run.

WIRHIR T okl - SRS — G s — LIk AT
N EEHAMERAVERIE - I RIERE - e AV E ERR A G PR
TR R -

A mutation that results in postponing to jump as long as possible would
eventually go to fixation.

G (EReE A R PR 288, HR G (I — 1T R fElE -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 46 Conditional Cooperation
BN EE

Cooperation is a complicated behavior that has evolved in animals. Conditional
cooperation, such as direct and indirect reciprocity and partner choice, are some of these
complicated behaviors. The simple rule which can illustrate how such behavior evolves is
the correlation between the behavior of interacting individuals(graph below)). In fact,
such correlation results in cooperative individuals receiving more cooperation, so if there
is a cheater, it receives less cooperation, which is a kind of punishment.
EffEE—EEMRNT R  CEEFY T ER - ARFNETE - Gl E R g D
FREERE - H S B AT Ry R Ay —E0 ) o A DARRBHEET T R el s B R B A2 A A
FERSHITT R 2 FIOIRERAME( TN E]) - FE L SRS e F e E S NalE i
LInRAEFERE - EgRtig beyaF - ST -

Deception rate &z

Cooperativeness & {EF2E

The relationship between deception and cooperation in non-human primates (After McNally, et
al., 2013).

TEA G LR A 5 FZ [l 1% (After McNally, et al., 2013) -

Indicate if each of the following statements is true or false
e H T PRI H B

TRUE FALSE
¥ i

Conditional strategies and mechanisms that enforce cooperation make
the evolution of deception less likely.

PRI RIS RO RsR L T SRS R LA TS A -

Although overall net benefit of the cooperative behavior is higher than
the cost of being deceived, the existence of defectors doesn’t allow
cooperation to persist.

HELAE TR T R ARAS T AR = R BRI RAS - (BEHEREIEEAR 3 &
TEFRFEFAE

We can expect deception to evolve as long as it does not
significantly increase the cost of cooperation.

NI SR IS IS (FRIRAS - (P o] ATESHRC SR A 4 1 -

Deceptive behavior can occur only in novel habitats as there is no time
to adapt to the new environmental conditions.

HRBRTT R R s AR R - IR Ry A IR AR B R Y ERBRE (PR -
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TRUE FALSE
¥ i

The relationship between cooperativeness and deception rate in

primates can be explained by the relatively large social group size in this

taxon.

BN S FIERIERERSE 2 FRIAVRR (% 7] DU % 7 REEE ARy
fan=pits - WA N2 =
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[~ Q. 47 Senescence
1k

Organismal senescence is the aging of the whole organism. It is a widespread
phenomenon in nature but the exact etiology is still largely unclear. An evolutionary
theory was proposed by George C. Williams which involves the following assumptions:
[E[#G A [:E' *ﬁ{l{l‘%’ﬂ MR - BEE AR EFAIER S - (EREVIHREITAR
RIELE - G EERATR I T —(EE B R - OB R DA M R

1. Soma (referring to all somatic cells in the body) is essential for reproductive success,
but it does not pass on to the offspring.

2. Alleles are affected by Natural selection.

3. Pleiotropic genes can have opposite effects on fithess at different ages or somatic
environments.

4. The probability of reproduction decreases with increasing age.

1 ‘%"E“ZEH“(TEE’HEJ:}E}?%E’JE‘*“ZEH@)%’?@E%UJﬁE%%E HEAGEGRERN -
FAEENZ KN

3 MR [EJE A o BT S T B S 4 -

4. ZFaH Al EVERE E Al R IR R (R -

Williams suggested the following example: Perhaps a gene was selected for because it
codes for calcium deposition in bones, which promotes juvenile survival, but the same
gene promotes calcium deposition in arteries.

BRI T LU NI+ W — (AR A e, N R E PR E B8 B & - (e VAT
i ABE—E R (e T BRI -

Indicate if each of the following statements is true or false.
fath NYIRLR # B -

TRUE FALSE
¥ #H

Lower adult death rates can be associated with lower rates of
senescence, according to the theory.

FRIRRZ > BURAYEAE A\ SE R ] fE BBy =2 AR -

Where there is a sex difference, the sex with higher rate of decrease in
fecundity after maturation (but with equal death rate to the other sex)
should undergo the more rapid senescence, according to the theory.
SaZ e - WA TR BT - IEMEATE T M (EESS—
FIHISECTEHAE ) AR, B G 4R S RV EE -

The frequencies of an allele in a gene that behaves similar to the
aforementioned calcium deposition gene in a cohort will be smallest at
early age and greatest at late age.

ﬁltljéﬁj:?;%}ﬂﬁﬁlﬁﬂlﬁ’]ﬁl > HE AN AR R IR F
i/ o AEREER R T K -

This model views senescence as an adaptation.

A RRE A Ry — TR E

COMMENTS MAXIMUM POINTS STUDENT POINTS
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COMMENTS MAXIMUM POINTS STUDENT POINTS
TOTAL 0
MAXIMUM POINTS STUDENT POINTS
0
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