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General Remarks —#%=5HH

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
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Note: there is no negative marking. Try to answer as many questions as possible.
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(o Q. 1 Linkage

The HapMap project was designed to estimate the amount of variation among the
genomes of different individuals. One of the outcomes of the project was identification of
many SNPs (single nucleotide polymorphisms) in the human genome. It was observed
that the vast majority (here, assume all) of SNPs exist as only one of two (not four)
nucleotides.

R BN 4 BE AT I 25 (5l HapMapat22) 5 (55T [ElE AR R A NG S AR
J& o ZatEAVRER 2 — e NEENSH VAT 2 SNPs(BAZ H LS RIME) - S5RETUEX
LR (E AT )AISNPsE M K 2% H I 2 RIS (F 241E) -

Therefore, for a region of the genome consisting of n SNPs, 2" combinations of the
SNPs are conceivable. In fact, sequencing of the SNPs in hundreds of individuals has
revealed that generally a much lower number of combinations exist. The combinations of
SNPs in fact observed in a region of the genome are named the SNP haplotypes of that
region. The figure below is a representation of this finding. It shows the genotype of 26
neighboring SNPs in a region of human chromosome 5 from 20 individuals of different
populations throughout the world. Only one copy of chromosome 5 was isolated from
each individual. The chromosomes are grouped on basis of having the same
combination of genotypes for all the SNPs (i.e. having the same haplotype).

FTLA > 72 EEnfE SNPsZH sl R RAH & I, - AT DAHERTA2MESNPsHY4HE - EE | - 1R
B E [ AHISNPSE PR E IEFAENVHE IR FIEES -

PN R I R 2R FIHYSNPseH & - #lan 2 Rk BRIk SNPEL (S - T EEiE—35 3R Ay
&% - EAUR T 2RE 2 A FEIREF V206 (ERS - 2 AJHESSet AR g 26 {EAHAD
SNPsHJEAAL -

FHEERGE i H R S9R A tle - HA THFEISNPsE NI S HIAL AS B A il
(BIEAHEEHI B AY) -
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Chmhrggf‘;;:i | M v v o |viw
Individual |1 2 3 4 5|6 7 8 9|10 11 12 13|14 15 16|17 18[19 |20
SNP No.

1 X X X X X]00O0O|0O0OO|X X X|0 0]X|x
2 X X X X X|0 00 0| X X X X[X X X|x x|x|x
3 X X X X X|0 000X X X X|x X x|x x|ol|o
4 X X X X X|0 00 0| X X X X[X X X|Xx X|x|x
5 X X X X X|0 00 0| X X X X[x X X|x x|o|x
6 X X X X X|0 00 0] X X X X[x X x|x x|o|x
7 X X X X X|0 00 0| X X X X[X X X|X X|x|x
8 000O0O0/00O0O0/X X X X|XXX|[x x|o|o
9 X X X X X|0 00 0] X X X X[x X X|x X|x|[x
10 X X X X X|X X X X| X X X X|x X x|o o|o|x
11 0000O0[X X X X| XX X X|X X X[x x|x|x
12 X X X X X|X X X X| 000 0|lx x x|o o|x|o
13 X X X X X|0 00 0| X X X X[X X X|x X|x|x
14 X X X X X|X X X X| 000 0[x X x|o o|x|x
15 X X X X X|X X X X| 000 0|lx X x|o o|x|x
16 000O0O0[X X X X| XX X X|X X x|ool|x|x
17 X X X X X|X X X X| 000 0[lx X x|o o|x|x
18 X X X X X|X X X X| 000 0o|lx x x|o o|x|o
19 000O0O0[X X X X| XXX X|ooo|lx x|o|x
20 000O0O0[X X X X| XX X X|X X X[x x|x|x
21 X X X X X|0 00 0| X X X X[x X x|x x|ol|x
22 000O0O0[X X X X| XX X X|X X X|x x|x|o
23 X X X X X|X X X X| 000 o|looo|ool|x|x
24 X X X X X|0 00 0| X X X X[x X X|x x|x|[x
25 000O0O0[X X X X| XX X X|X X X|[x x|x|o
26 0000O0[X X X X| XX X X|X X X[x x|x|x

Genotype of 26 linked SNPs in the human genome on 20 copies of chromosome 5 from 20
individuals. X and O represent the two different nucleotides at each SNP position.

KA T REFH 20 (A BT - 555 FE7 0 e 5 126 ([ FTAIS NP (2 AT

X 711 O ({7 SNP#1 2 (1 /577#% £ 1

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

fa T PIRGILE B 2sh

Recombination events are not expected to affect the number of

haplotyes observed in a population.

BB A TR EEREE

If in fact all conceivable haplotypes of the 26 SNPs analyzed were
present in the human population, one would not expect any two of the
20 chromosomes analyzed to have the same haplotype.

IR ABFREAIATA 26 SNPsHYB AL - SN AE20 5 tufg A (T

o W 52 G mT Lo 21 AH [E] A B Y
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TRUE TRUE
# #H

Based on data presented in the table, knowledge of the nucleotide at
only SNP 19 and SNP 23 of chromosome 5 of newly investigated
individuals from the same cohort would allow prediction of the most
likely nucleotides present at the remaining 24 SNP positions of
chromosome 5 of those individuals.

FRIZZR PHYEEE, AR E F— B 2 (EAGAE S5 S B (e F {2 SNP19
EASNP23YERR » FIE TN S e (e ERYH ER24(HSNPLE -

The data on the 20 chromosomes suggest that among the four major
haplotypes, haplotype IV has the minimum number of sequence
variations.

H120 55 L AGHYEEE v] DIHERIFE A £ BRI » 55 AEEE AR A
B/ NERYFPYIEE SR

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[~ Q.2 Berk-Sharp mapping
R el i fir

A protocol that can be used for identification of gene structure with respect to exons and
introns involves isolation and denaturation of a dsDNA fragment that includes a gene of
interest, isolation of mature mRNA pertaining to gene of interest, hybridization of
complementary single stranded nucleic acid molecules, performance of three types of
chemical or enzymatic reactions, and electrophoresis on non-denaturing gels. Relevant
factors pertaining the chemical or enzymatic reactions are as follows:

Berk-SharpZk Al 58 i iz f& A L e S N A & T HIZR NG R E Rl 2 — » %380
LR

(1) dsDNAJ5 ELHY s BERISEME - U e] HARELA ~ o B PR N A R .2 AP AWmRNA
(2) B35 fH B SEAZ I oy TRV TRE & ~ T AR (LR s 2R AR HE > DR
(3) FEIRE M AEE _LiErTER K -

LR SR R SR A BRI R0 T

S1: a nuclease that degrades single stranded (ss) nucleic acid molecules or regions that
are single stranded. It does not degrade double stranded (ds) molecules or do

S1: [EfpEH (ss) MBE ) TECHMEIESAVILIEES - TR SRR (ds) /T EiEEglE
B, -

Exonuclease VII: an exonuclease that degrades ss nucleic acids or ss ends of hybridized
nucleic acids in both 5 to 3'and 3" to 5" directions. It does not degrade ds molecules or
ds portions of molecules.

SMIRLIERRVI = SIUIRZEERS - HAES 3 M3 25 (E 5 1) L[ s st sis s Rt = HY
%Wz - EAN Gl THIds T EdsE T

Alkali conditions degrade RNA and do not degrade DNA.
BRI EIEARRNA » {HRGIZHDNA -

Experiments pertaining to a gene that does not experience alternative splicing were as
follows; appropriate size markers were included in the electrophoresis steps:

P TRYOE R DT R AN B B - EOPERAN T ¢ o JEE C EEAKSET > HEAEE
R/NHEESE

A. Hybridization of denatured DNA with excess mRNA, followed by S1 treatment,
followed by alkali treatment, followed by electrophoresis
RFEE Y DNABLE B HIMRNARES - ZMRIETTS 1R H > PRI TR - ZMRIETTEK -

B. Hybridization of denatured DNA with excess mRNA, followed by S1 treatment,
followed by electrophoresis
SEDNABLE EMRNAE S - R TS1 R - MR EITEK ©

C. Hybridization of denatured DNA with excess mRNA, followed by Exonuclease VII
treatment, followed by alkali treatment, followed by electrophoresis

s EDNABLE B MRNARES - ZMRIETTINIXIERGVIREE - PEE AT TIR R - MG A
(RICEVS
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Indicate if each of the following statements is true or false.

e YR $ 5 -

TRUE

Observation of three bands in electrophoresis pattern of reaction
A signifies that the gene of interest has three exons.

FERIE A BYREDKES R IR = R - BUR BIRE N AR =[N T

The result of reaction A allows prediction of number and size of bands
to be seen after electrophoresis in reaction B.

FZJE A HISE SR rT i B A S FEB B Uk 12 °] R HY RIS E ATV -

The result of reaction B allows estimation of size of gene of interest.

SE5E S FEBHYAS Ak AT DAdiEt H AR A/ -

The combined results of reactions A and B allow prediction of the size
of the introns of the gene.
JEFERIE A M1 B iSRS 45 R n] LFUHIER NN & T HY R/

The combined results of the three reactions A, B, and C will allow
prediction of length of ORF (open reading frame) of gene of interest
EEE A~ B Rl C =RIEAVERE 45 SRR A] DL HARAEAHY ORF (BHE
B ) RE -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q.3  mRNA Splicing

mMRNAET

One of the questions that long ago arose with respect to splicing was whether the
temporal order of removal of introns in transcripts of genes with multiple introns is the
same as the physical order of the introns.

A (EA RN RN RIERERE" A ZENE RN ERAN & AR EIEF 2
SHNETHVEEYERIEFAERE" -

To address this question with respect to the ovomucoid encoding gene (5.6 Kbp) that has
seven introns (A-G), Northern blotting was performed on RNA isolated from nuclei of
ovomucoid expressing cells. The probe used in the Northern blotting was labelled DNA
of the ovomucoid encoding gene. An image of the Northern blot is presented below. RNA
was extracted from each major band seen in gel, and the presence or absence of
specific introns in RNA molecules of various band was assessed using intron-specific
probes. Finally, the RNA molecules were grouped on the basis of number of introns
removed by splicing and calculations that revealed identity of introns lost in various
processed RNA molecules were made. The results of these calculations are also
presented below.

R TRERBINBATENE T (A-G) WIS E B RiSHA (5.6Kbp) KM - $HEITR;
& A R AR A AR AZ S BRI RNAET T U7 B E & S fE(Northern blotting) -
Northern blotting {5 FIFYERE KA IEECHYUIRS 2 H dmbBEAHYDNA - NorthernE[I B [E (5
ATATR » HESEE T B BIRYER(E 1 B2 R P2 HURNA - IG5 A A & TR R PRl S
{FRAFEIRNAS T PR E N & THIFESANEE © &ik - BRNEERRERIIANS THEE
HRNAT#ET T340 » I HEt RN E S R EaH (DI L)AIRNAS TR RRHIAN S
THIS - BT EAVERN

Nuclear RNA

nucleotides
- — 4300

Northern blot
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Intron removal from ovomucoid nuclear RNA

e kiEE H A RNAF R RN & T

Frequency (%) of loss of individual introns

Grou Number of introns
Mo P | spliced out A | B C |D |E F G
' IR & FEHE
1 2 5 0 0 0 30 60 5
2 2 25 | 25 0 5 60 60 25
3 3 5 5 5 30 100 95 60
4 4 10 | 25 35 | 95 | 90 90 55
5 5 40 | 75 65 | 85 100 75 60
6 6 50 100 75 | 90 100 100 75
Indicate if each of the following statements is true or false.
R lIECIba S
TRUE FALSE
¥ i

The image of the Northern blot suggests that order of removal of introns
from ovomucoid primary transcripts is not random.

NorthernE[IEE & 5B IE DR EE B RERN & T2 Haikay -

The data in the table show that intron E is usually but not always

removed from primary transcripts before intron G is removed.

RPHVBIEEUR - ERFRNE TG ZAT  NaTEEFEEARE

HITHERE

The data in the table indicate that introns A, B, and C are usually
removed from primary transcripts before introns D and G.

RPHVBIBEE RN TA » BIICHEFE EN & T DNIGZ A o

PR -

The data presented suggest that at the time of analysis, there is
generally a progressive increase in concentrations of more highly

processed transcripts.

At 2RAVBARRUR - el > S S A I Lra B R SRR R

AT -

COMMENTS

TOTAL
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[ Q. 4 Inflammatory Caspases
23R K e HHRELE TR

Inflammatory caspases such as caspase 1 are activated in response to microbial
infection and stress signals. When activated, they cleave human gasdermin D (GSDMD)
after Asp275, to generate an N-terminal cleavage product (GSDMD-NT) and a C-
terminal fragment (GSDMD-CT). GSDMD-NT kills bacteria and induces a form of
programmed cell death called pyroptosis in human cells. The details of the mechanism
by which GSDMD-NT causes cell death are unknown. Mutation of two evolutionarily
conserved positively charged residues to alanine produces a mutant form of the protein
known as GSDMD-NT 2A, and mutation of four conserved positively charged residues to
alanine produces GSDMD-NT 4A. Fig. 1 shows result of non-reducing gel
electrophoresis of equal amounts of N-terminal cleavage product of the wild type and
mutated forms of GSDMD.

E AR Y R BB R T IRRRES - EUE L3 Sk S BRI Tl - BAETES 1
(caspase 1) - BT EGE(EE » &1¢ Asp275 1&47f# human gasdermin D (GSDMD) » 4
NI#GSDMD (N-terminal cleavage product (GSDMD-NT) K CliwGSDMD (C-terminal
cleavage product (GSDMD-CT) - GSDMD-NT &% SE A B 137425 A SRR ATRE A T - T
Fypyroptosis - {HGSDMD-NTEEAAISE CHIMHIFVARER R F R - BHAh - TRgaid
GSDMD-NT 2A(RF i i P 7 EL 0 2 Fyalanine) k2 GSDMD-NT 4A W€ =) 2 UR - (&1
BURA IRE F B EE K i =18 % B GSDMDHYN- R ) E & Y1 (GSDMD-NT, GSDMD-
NT 2A K, GSDMD-NT 4A)f455E. -

In an experiment, E. coli and Staphylococcus aureus bacteria were exposed to
nanomolar concentrations of recombinant forms of GSDMD, GSDMD-NT, GSDMD-CT,
GSDMD-NT 4A and granulysin (a known cytotoxic lymphocyte pore-forming protein) and
the antibacterial effect of these molecules was assessed by measuring reduction of
colony formation ( Colony Forming Unit (CFU))(Fig. 2). Other experiments showed the
same relative effects of the wild type and mutant forms on pyroptosis in human cells.
B ol T RIBIREN 25 G #EEKE nM fYGSDMD - GSDMD-NT - GSDMD-
CT > GSDMD-NT 4AFIE AR (—HECARVAREEMEAEZELES ) © b #5H
BNHEE R PR (F%PEENL (CFU) ) - sHbE I UEEY) < SiEfFA ([

2) - HAERERE A S S Y 4HARE T (pyroptosis) AHEIHTR2 2 -

é\“‘v é\qy (KDa)
- 250
— = 150

- 100

Non-Reducing

Figure 1
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I Saureus

120
W Ecoli

100

(o]
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o o
| |

CFU (% of untreated)
3
|

0,

GSDM-NT (nM) — 50 100 200 400 — — — — — — — —
GSDM-NT4A ("M) — — — — — 400 — — — — — — —
GSDMD-CT ("\M) — — — — — — 40 - — — — — —
GSDMD (\M) — — — — — —_ — 400 = = — — —
Granulysin (nM) — — — — — — — — 50 100 200 400 1000

Figure 2

Based on these results indicate if each of the following statements is true or

false.
RBIE AR - R TIRLE B EEE -
TRUE
¥

The data shows that GSDMD-NT oligomerization is involved in

pyroptosis.

B~ GSDMD-NT Z b2 8 T4 E T -

GSDMD-NT is a more effective anti-bacterial agent than Granulysin.
GSDMD-NTZLE Granulysin & 534 HLE R

By mutation of evolutionarily conserved basic residues to Ala, the

number of disulfide bonds between monomers of GSDMD does not

change

AR N fIE] i 1 P A 28 5 Sy Ala - GSDMDELRS -~ RJHY EErR s 8 H A~ &k

2 o

GSDMD-NT 2A mutant is likely less effective than GSDMD-NT for

induction of pyroptosis.

GSDMD-NT 2AZ£8#5 Al SN MIGSDMD-NTA RH LA A T -
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q.5  Aneuploidy
IR EA

Electrophoresis patterns of PCR products of several chromosome pairs (pairs shown on
bottom) in five different individual (1-5) in figure below allow evaluation of presence or
absence of chromosome number abnormality. Monosomy of autosomal chromosomes is
known to be lethal. Relative height of the peaks in each box reflects the copy number
ratio of the two chromosomes in that box. The horizontal axis shows migration, and the
vertical axis shows fluorescence intensity.

TEAEAEERS (1-5) fredras CHEERRKRE) PCREYVIEKIER, 7TH
REHEAL RS H BB R - ARSI TR BT BB dnrY o BHEIE & (peak)iyiH
e R T RZME TP I R RS HYFE HEEE D - fellifoniBg - fiifona e -

A B C D E Individual
100 200 300
1000
1
0 | A [ A |
100 200 300
1000
2
0 | A A A h A
100 200 300
1000
3
: ITRY )
100 200 300
1000
4
. I |
100 200 300
1000
5
Ly 1
Chr11:Chr21  Chr10:Chr18 X:Y Chr13:Chr11 Chr3:X

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

fE TSI B s -

TRUE FALSE
# #H

Three individuals show trisomy .

={EANFIR L = EHme T -

Two individuals show abnormal monosomy.

W I AR A I H HY B A -

Two individuals have normal karyotypes.
WAE IR

PCR products related to different chromosomes should have different
sizes to allow copy number evaluation .

AT CASHEIRIPCREY) - IEEAAFERYAVN - n G +8 HEL -

COMMENTS MAXIMUM POINTS STUDENT POINTS
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COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q.6 Differentiation of Neutrophils
g o 1 sk Sk

HL-60 cells differentiate to neutrophils after eight days of incubation in the presence of
All Trans retinoic acid (ATRA). siRNAs are synthetic molecules used to suppress
expression of genes. In the experiment whose results are presented below, an siRNA
against the PTEN gene was used. Annexin V is a marker used to show apoptosis, and
CD11b is a neutrophil surface marker. Percentage of apoptotic and differentiated cells as
well as combination of both are shown in panels A, B and C. In panels A and B, stars
indicate statistical significant.

‘= ATRA(AIl Trans retinoic acid){71EH; » HL-604Mi/E8 K1z /(b At& it H ek -
siRNAsZE 7 AR ERI - FEARERRGER NATR) - siRNAGHIAINHIPTEN 2
{EEEA] - Annexin VAL P A R 4HREE &5 8 T (apoptosis) - & 4HHLE TR » &I
Annexin V ; dﬂwLﬂ%¢@Bmﬁfﬁm%EmE§%ﬁ W%XﬁTﬁﬁﬁam%
B BT MO MIKEER - o[ DU HIECD1MbHYZRE - NHEA ~ B ~ C=1{ElE 777
%ﬁi%%ﬂtwmm%M%%ﬁ T BEEE M H mERAVEERT - AR LA B/ (AT Y
{B)AVEERD ¢+ HrpANIBIE T » SRR 2R - (ARMERR S ERVE R ARE AR -

Panel A

Apoptosis (annexin V stain)4HHEE T ( ]‘:@Jannexm)

12
10
8
6
4
2
0

Incubation with ATRA (Days iﬁéfATRAEP(BE%z)

Il srNA
Il nosiRNA

Percentage of apoptotic cells & U 4HHEIEL 5]

Panel B

CD11b expression
120

I sirna
- no siRNA

100

40
20
0

Incubation with ATRA (days)

Percentage of CD 11b positive
D
o
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Panel C
Day 6 Day 7 Day 8

CD11b- CD11b+  CD11b- CD1b+  CDi1b- CD11b+

0.5% 1.6% 0.7% 4.9% 0.9% 6.8%
>
c @ L8 0 A o .
x b (N Zr ATRA-PTEN siRNA
) —i e
= LA T i 3
S % e g - e .
< 52.6% | - 453 202% | 652% 23% | 90.2%

CD11b- CD1b+  CD11b- CD1b+  CD11b- CD11b+

0.3% 6.8% 0.6% 0.8% 17.3%

Foy b

ATRA

Annexin V

4 i
A ek
e
%E SR

b SR
- 0

83.

Horizontal line within each box reflects threshold value for apoptosis. Vertical line within each box
reflects threshold value for neutrophil differentiation.

B NE T Z K -TRR BN AR L Z 1 T2 B A2 T A IR Z 27 G RG 1

Indicate if each of the following statements is true or false.
fath T FIRCIL R $ B -

TRUE

w FALSE &
%TJ' fEl

The level of differentiation to neutrophils in the presence

of PTEN siRNA is less than in the absence of PTEN siRNA at a
statistically significant level.

157 PTEN siRNATR » B (1 i BRAMAEAY - L E SRR 2
PTEN siRNAfEZ BERFAY & -

Panels a and b show that reduction of apoptosis causes an increase
in the number of live neutrophil cells at all time points.

[Elaflb BURAHEE CEHYEY ) - GEEAEFT AR RS - JEE e
IMERAHAE R E G A0 -

Panel ¢ shows an inverse correlation between apoptosis and the
number of differentiated neutrophil cells at at least two time points.

¢ BN/ VA M ERG - 4HHE THRR S B bRYRE i B Bk
RS E ] 2 B SR -

PTEN siRNA applications causes larger reduction of apoptosis in
differentiated cells as compared to undifferentiated cells after 7 days
of incubation with ATRA.

ATRARSET K% » BUR MEHIHAHEL - PTEN siRNARYRTD > & 5 AR
FERYR D Er B BT -

COMMENTS MAXIMUM POINTS STUDENT POINTS
TOTAL 0
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(o Q.7 Blood Types

1%

Among 1290 individuals of a population under study, the numbers of individuals with

blood group types M, MN, and N are, respectively, 340, 880, and 70.
12901E 2/ - 1A 53 A FsM, MN, NiJ#%4 340, 880, 1 701H -

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

fa YRR B R

Based on the data, the frequencies of M and N alleles in the
population are, respectively, 0.7 and 0.3.

FRIREEIR - MAINZE L ELAHIEL 1575 750.7400.3 -

The population describe above is in Hardy Weinberg equilibrium with
respect to alleles of the MN blood group.

I FTFEMN AR Y i AR AR &G R P Hardy Weinberg
equilibrium ) -

If there is random mating in a population in which frequency of M
alleles is 0.6 and frequency of N alleles is 0.4, the frequency of
offspring with the NN genotype will be 0.16.

SRRt N [ERGPE TS - M7 PR AYARE /0.6 - N304
A1 R NNEL R B LR £50.16

In a start generation with frequency of M= 0.6 and frequency of N=0.4,
after three generations of random mating the frequency of MM
individuals in the population of the fourth generation who are offspring
of MN*MN matings will be <10%.

st sh— UREEME AL B R RIS £50.6 > NJ%0.4 - A0 — {l

YRGBT LR > MN*MNER{CSSAC TR AY 55 PO{RE ARG ARy 25—t
) HEEMMERAI R ERHE10% -

COMMENTS MAXIMUM POINTS

TOTAL 0
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STUDENT POINTS

FALSE

|

17/104



2018/7/20 Joda 2.0 - IBO 2018

(o Q.8 Receptor Tyrosine Kinases
R e 2

Two different mutant forms of a gene that encodes a cell surface receptor tyrosine kinase
(RTK) are separately inserted into vectors. One mutant encodes a protein with a non-
functional kinase domain, and the other lacks a functional ligand binding domain. Each
vector is separately introduced into normal cells that can express wild type RTK from
their endogenous genes.

RF RTELA (RIS i B 2wy 2 B N oy Il ARG T o Hirh—{lEse8 PR A A A B3
DIRERVERE » S—(EZeERAIg E A A ERCA (igand)SE S HVER'E - R sRe 7 5l
P AR T A AIRTKINIE F 4ifE -

It is known that the cells used have a high capacity for RTK receptors on their surface,
that ligands bind to monomeric forms of receptor proteins and that heterodimeric
receptors are inactive in signaling. The diagrams below depict four cell types identified.
Each diagram shows the only receptor forms observed on the respective cell types in the
ratio that they were observed.

The experiments were performed under non-saturating concentrations of ligand.

EAIILARERRE EAIRTKEA =78 (capacity) - AUfd FTELELAG(monomoeric) RTKEG & -
A H AR S Ae Z Ao el (A P in it - TEBURFTS 2] 2 VIREAIHHAY o A E
ST RIRBR 1A B LTI E R R BHy 2 Ae R 2R -

RE R BCRRE R I FEAURE -

® @
Y
4 b4

3 4

*  wild type kinase domain B4 B EE4S

@ mutant kinase domain ZEEE kMRS TSR

G mutant ligand binding domain ZE8 %G > fir B
@\ wild type ligand binding domain B4 Z1#ffG > Ko i

Indicate if each of the following statements is true or false.
TR NYIRACE B EEE
FALSE

|

TRUE ¥}
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FALSE

|

TRUE ¥}

In type 1 cells, the mutant receptor with the non-functional kinase
domain will interfere with signaling by the cells’ normal RTK.
FARIRE &A= DIRE MRS i Ay Ze S bk & 2K B 4RV IE S
RTK{Z5% °

In type 2 cells, the mutant RTK lacking functional ligand binding
domain will be inactive for signaling, but will not interfere with normal
signaling mediated by the cells’ own receptor tyrosine kinases.
TEF2BIAAE T - = DIgetEBCAS 4 & 4G R AYRTKZE SIS L TER
BRI - B g+ E4N E BRTKE MY IE R SRS FIRIERE -

Equal levels of signaling will be achieved by type 3 and type 4 cells.
53RN SB AT AR S E AR RE JIHHIE] -

The effects of mutant RTKs of cell type 2 and cell type 3 on levels of
signaling by the cells’ own normal RTKs will be the same.

5 241 RE AR 35 SFA AT RTKZE B R B4 A B & 1E H RTKAYERE &
HsZEEAHE -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[~ Q.9  ErbB-2iFig;

ErbB-2 is a receptor found on the plasma membrane of mammalian cells which can
move from the plasma membrane to the nucleus. Because most proteins that shuttle
between the cytoplasm and the nucleus are soluble and not integral membrane bound
proteins, the mechanism by which ErbB-2 undergoes transport to the nucleus is of
particular interest. Three experiments described below were done to shed light on the
underlying mechanisms.

ErbB-2 20 ALEM)AHRAEARE - 3ERAY<28G - o] DUEAHRERE RS B EIAREeZ - R 4HRE A
HHREIAZ < R ZF AR R 25 B B R /KB I A B A RESS S22 > A PAErbB-241{e 5
HAE A SRR Ao R RN © 1 T = {18 o ) DA HA EC AR

Experiment 1: siRNA knock down of importin 1 expression in target cells

The cells were transfected with importin 1 siRNA (Imp), nonfunctional siRNA control
(N.S.), or buffer only (-). Proteins from the cytoplasmic and nuclear fraction of cell lysates
were analyzed by Western blotting using importin1, and ErbB-2, a tubulin and histone
H3 antibodies as indicated.

B Fl A sIRNAREARH VAL T A& 5 B1HIRIE

F#m AEEHB1ZsIRNA (Imp) > JEDHREMESIRNARTHEH (NS) sifESaging (- ) 2K
Juaiffl o 2 1B F S T 2208 A (Western blot) sk 434742 Sbid LA i th 4 AR K AHREAZ H
importinB1 » ErbB-2 - ofifE & HAIKHE H H3GTAGHY IR -

Cytoplasmic Nuclear
lysate lysate Antibodies
siRNA - Imp N.S. - Imp N.S.
— e — |--— —-| Importin 31

o 052

|--I | I a-Tubulin

— s @ | Histone H3

a)

Experiment 2: Mutant cells lacking ErbB-2 gene were transfected with wild-type ErbB-2
(WT), ErbB-2 mutant containing a deficient nuclear localization signal (ANLS), or vector
control (-). Proteins from the cytoplasmic fraction, nuclear fraction were then analyzed by
Western blotting with ErbB-2, importinB1, a tubulin and histone H3 antibodies as
indicated.

B2 Rk A AUErbB-2 (WT) BN SA LA EN X ESE (ANLS) HYErbB-2
ZesEal R Y IE P EAS (- ) L E = ErbB-2EL RN 28401 - > 15 A1 FIPE 5 S84
(Western blot)z& 5775 Seid L4t oh 4R E R AHHEfZ importinB1 » ErbB-2 » afi’E & H
FIEHE HH3PTAGHIRER -
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Cytoplasmic Nuclear
lysate lysate Antibodies
ErbB-2 - WT ANLS - WT ANLS
[ ] 5 —_— ErbB-2
[——— Importin B1

|_“ | a-Tubulin

T — — Histone H3

b)

Experiment 3: Cell lysates from the cells were immune-precipitated with anti-ErbB-2 or
mouse IgG (mIgG). The precipitated immune-complexes and the cell lysates were then
analyzed by Western blotting with, clathrin, importin31, and ErbB-2 antibodies.

B3 R A R UB AT oM o RN ERR - HErbB-25TAS N

I9G (mIgG) H#EFTHIE)IH - 2 %A FIPE 78284 (Western blot) sl 74775 Seid L 4Rt Hh 4
BE'E K AfpEA% thclathrin, importin B1 52 ErbB-2(y#%35 -

Immunoprecipated by

I

o)

<

Q 10} ]

Q ks) 3 Antibodies

i £ ey _—
- &
- - [ Importin 1

] _—— — I Clathrine

c)

Indicate if each of the following statements is true or false.
R TR B EGEE -
TRUE FALSE
3 55

The data in Figure (a) suggest that ErbB-2 requires importin 31 in order
to enter the nucleus.

(a) FEVEHRTRI] ErbB-275 % A 25 B B1 A4 RE#E AQIAE -

It is predicted that the antibody against importin 31does not precipitate
the ErbB-2(ANLS).

et AL B1VDIE A G Bl S A A E LS5 (ANLS) |y
ErbB-22¢ 585G 11T S0 1)) [

The data presented suggest that localization of histones to the nucleus
is mediated by a mechanism distinct from that used to shuttle ErbB-2.

HEBIREUR - dHE I AMEXAI TSR ELErbB-26 A ] -

As true for other membrane bound receptors, ErbB2 enters the
cytoplasm by endocytosis.
B ECfth GHREAE A2 AR - ErbB2iE AR 1F 4 ANIHE -
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[ Q. 10  Yeast Secretion Trap FEERFE 430

Phytopathogens use their secreted proteins "secretomes" to attack plant hosts. The
yeast secretion trap (YST) functional screen is a method used for isolation and
identification of these secreted proteins. This method involves generating a vector library
that includes cDNAs (containing 5 non-coding sequences) synthesized using
phytopathogen RNAs fused to a mutated form of the Saccharomyces cerevisiae suc2
reporter gene.

TEYRIFRGAT RV E R E (M EH ) 2B EEYIE £ - BRI MY ST) Thee
PEEREE J2 DL A B IS S B VBN T 0E - 32 07AW I AR # G - axEie [ S
cDNA (&5 5(EIR4mtEFr51) - LcDNAZF] FIHIEE LR, £ (Saccharomyces cerevisiae)
suc2#y 5 ALY ZEE M Bl S HITE Y R AERNAFT &Y -

Suc2 encodes invertase which is the only protein used by yeast for sucrose degradation.
Degradation occurs in the extra-cellular medium. The mutated form of the gene suc2-SP
encodes an invertase that lacks the signal peptide for secretion at the amino terminal.
The fusion library is used to transfect an invertase-deficient yeast strain, and the cells
are subsequently plated on a sucrose selection medium. Each rescued cell is expected
to contain a recombinant vector whose cDNA that encodes a signal peptide for the
chimeric protein. Vectors are isolated and their cONAs are sequenced to identify the
secreted proteins.

Suc2¢mtibE(LEs - FlELIE AN R E—EA'E - e/ NEER TR
fift - suc2-SPIE{EALNHIZEE I n] LAdmtlh” & AR Imdh= b FHHVERERR” EYER -

T RNEhEE EAAEEAAE" SRR (RERIEPR - BER AN e A
REMEBEISRR AL b - BHEWIRBAVAINE S A EAHEES - HcDNASEGRHS—(E LR & &
HEVESRAR - ZEBe g worak > HeDNAG I LU E b EHE -

Figure 1 is a schematic presentation of the vector, and Figure 2 summarizes the protocol
described above.

TEHAGHY R EE - B2 T RARE -

suc2 fusion proteinfit &EH

cDNA suc2-SP

Sphl EcoRI Notl Sphl
GAATTC-[cDNA]-GCGGCCGC-C(0-2)- TTGGATAAAAGGTACCCA-[suc2-SP]

o pYSTO-2 LEU2
7.5kb

ColE1 ori
gy 0

Figure 1

GAATTC: EcoR1 recognition site; GCGCCCGC: Not1 recognition site
GAATTC: EcoR1198%5%/731

GCGGCCGC: Not1 gy#2st/551

https://2018.iboexams.org/exam/677f97414115ed2820f2da71/results 23/104



2018/7/20

Joda 2.0 - IBO 2018

by mRNA isolation and synthesis of cDNAs bound
by EcoR1 and NoT1 sites

cDNA @
— = + suc2
== + YST vector(s)
N )
DNA  suc2-SP @@ Iy SPCDNA suc-SP
An intracellular cDNA A secreted
; i rotein
protein library P suc2 fusion protein
— Glucose ¥ ¥
Nucleus e g- + € Sucrose
¥ F
(east cell ructose

Glucose Plasmid recovery, E.coli transformation, DNA

=2 sequencing, in-frame fusion confirmation,

A plate containing . e e
sucrose selection medium database search, secretion verification

+ Sucrose
Fructose

Figure 2

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

T YRR B s -

TRUE
¥

For the purpose of this screen, oligo-dT primers can be used for
synthesis of cDNAs

B EREER HAY - oligo-dT5 [+ H Hi & ECDNA

Variable number of Cytidine nucleotide(s) after the Not1 site in the
vector ensures achieving a correct reading frame.

#FASH - Not1firfBhi{% 77 R [F% H WIRE H 1% HB% (Cytidine nucleotide(s))

» AlFECRIERS ERERYRIFEE -

Presence of signal peptide in the fusion protein will not necessarily
ensure the growth of yeast on the selection medium.

il I P R — AT R S (R B IO -

For introduction of EcoRI and Notl sites to ends of cDNA molecules,
linkers (which are short double stranded oligonucleotides; example
shown below ) are better than adapters (which have single stranded
ends; example shown below).

Example of EcoRl linker ;

-GAATTC-

- CTTAAG-

Example of EcoRI adapters;

-G- and -AATTC-

-CTTAA- -G-

Ry T RFECORIFINotHiZ &S [ ACDNAZF-HY Rl » #HFE T (linkers » HL Ay
B BAZHNE - W NIFTR) BT (adapters - HAAFRHOR
I s A0 NRTR) e

EcoRIERZ 15T

-GAATTC-

- CTTAAG-

EcoRIfr Ty

-G- 1 -AATTC-

-CTTAA- -G-
COMMENTS MAXIMUM POINTS STUDENT POINTS

https://2018.iboexams.org/exam/677f97414115ed2820f2da71/results

FALSE
o

24/104



2018/7/20 Joda 2.0 - IBO 2018

COMMENTS MAXIMUM POINTS STUDENT POINTS
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(o Q. 11 Enzyme - Coenzyme Interaction
it - EEREIAC B AE

Many disease causing mutations in enzyme coding genes affect parameters related to
interactions of the enzymes with their coenzyme, which in turn lowers the rate of the
reaction. The cofactor of a group of enzymes called TPP- or thiamine-dependent
enzymes such as transketolase is thiamine pyrophosphate (TPP).

i PR EE NI 2R IR (G 2e 5 » IS boe B M G B 2R BlhlG ~ R F - ST M
H7 e - Hrh—af##ilis 18 fythiamine pyrophosphate (TPP)zkthiamine-dependent
enzyme (i Z-1{HA i) - PIEEEENS (transketolase) B[liE&thiamine pyrophosphate
(TPP) -

The kinetic properties of a TPP-dependent enzyme isolated from a patient’s tissue and a
normal individual’s tissue were compared under condition of substrate saturation. The
TPP-free forms of the enzyme was prepared and used for enzyme kinetic
measurements. The Lineweaver-Burk like plots are shown below.

B B EAH SN (ERSH 4% B TPP-({ORERE I A 2 B BRI R T - IS5 MR A &
TPPHYTPP-{{CREEG AL THY K EN 122 Z LR - N EFTUR Lineweaver-Burkiy4s L f& -

1.0 2.0 3.0 1

Indicate if each of the following statements is true or false.
fE TR $ B -
TRUE  FALSE
3 B

A is related to the patient’'s enzyme

ABLEZEGERE -

Maximum velocity of B is higher than the maximum velocity of A.
BEV I RS = AR e KRR EE

It can be concluded that the enzyme in A has a lower affinity for its
substrate(s).

et el 1S4t am: ARTRERAVESETZ BRI K -

Administration of thiamine to patients is expected to restore enzymatic
activity.

P RE A TRE B e 2R W PR (R G

COMMENTS MAXIMUM POINTS STUDENT POINTS
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COMMENTS MAXIMUM POINTS STUDENT POINTS
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(o Q. 12  Forster Resonance Energy Transfer
Forster &t LRpE B

Forster resonance energy transfer (FRET) is a distance-dependent process whereby
energy from an excited fluorescent molecule (donor) is transferred to a second, non-
excited molecule (acceptor) in its vicinity. The FRET efficiency depends on the spectral
overlap of the donor emission spectrum and the acceptor absorption spectrum.
Acceptors in various forms of FRET may or may not emit fluorescence after receipt of
energy from donor.

Forster B tHyRpEEEMS (FRET) Z—1E{KFEFIEEEHVARLE - 2RE BRI T (52
4G ) HIRE B B rs I TRy S EDEREER T (B2H8) - FRETHYRCREUAR
FE A S ORI Z SRR R 2 s R T - [efR S RiE B 2 1% - {EP =Y
FRETHYAZHG T RE G B0 AT RER G4 ot -

Quantum dots (QDs) are fluorescent nanoparticles that can act as FRET donors and can
be used in biosensor systems. The binding of some molecules to QDs enhances the
emission properties of the QDs. In this study, 560 nm emitting QDs (QD-560) were used.
Maltose Binding Protein (MBP)-bounded QD-560 has higher emission than unbound QD-
560.

ETEE (QD) EEEAVZORKLT - n[LMERFRETIZEEEG - H AR AEVIEEZRSE - —
b7y 7-E1 QD BysE &g hgse QD AYS R -

FEsZf 7 fEAIAEAE 560 nm 255§y QD (QD-560) - 2524 & 2 H (MBP) —QD-560
GEOBELE R4S A THIQD-560 B4 B S HY S R -

The effect of native MBP or penta-histidine tagged MBP (MBP-5His) binding to QD-560
on fluorescence intensity was tested over a range of protein-to-QD ratios (Figure 1).
Histidine residues can bind zinc ions present on the surface of the QD particles.
FE—Z5EHEHQDEERET » HE T FHARMBP 502 5-40 Z L HIMBP (MBP-5His)
EAQD-560 &S E ¥ aotimEny e (E1) - HRAREIEE nEQDRRR A _F s 45

=

MBP-5His

BEERME

5 10 15 20 25 30
EOEMQDAYEELL

Figure 1: Fluorimetric measurements of QDs bound to MBPs or to MBP-5His at 560 nm.
1 - ZIMBPZ#554YQD 2 77560 nm | ZMBP-5Hs #554YQD ] -
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For construction of a Maltose detecting biosensor, the saccharide binding pocket of each
QD-coordinated MBP-5His was preloaded with a maltose analog named (-cyclodextrin
bound to QSY9 (B-CD-QSY9); the QSY9 component absorbs light. Figure 2 shows the
biosensor.

Ry TR IE RN AE V) RUESS » 1B QDECHAYMBP-5His EAVEGS S8 - TR
EAQSY9 (B-CD-QSY9) 4E&HY B-cyclodextrin (BAZSEFHES THL) © QSYOFROLER -
ARV RUE SR R A& — -

Exitation J&%% Maltose Zrzf5f

e

‘. ~—~B-CD-QSY9

\
'%

QD

Figure 2: Schematic representation of maltose detecting biosensor.

A B
1.0 - >
0.8 1 2
3 »Qsys 2 QD<«—
T 0.6 - =
2 o
B04] Maltose o
£l :
0.2 1 o
o
>
0.0 - E Il 1 1 1 1 1
300 400 500 600 700 300 400 500 600 700
Wavelength (nm) Wavelength (nm)

Figure 3: Absorption (A) and emission (B) spectra of various molecules.

Indicate if each of the following statements is true or false.
et T Y RCILE B B -
TRUE FALSE
E3 §5

Displacement of 3-CD-QSY9 by maltose on the biosensor will result in
reduced fluorescence intensity.
FEICAEYIRERS 35K B-CD-QSY & #h By 28 S M I L BUa YRS TR

In the absence of maltose, FRET cannot occur in the biosensor.

FEIRARFIENIEI T - EYREES T A &L FRET -
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TRUE FALSE
# #H

It is expected that relative fluorescence intensity levels under conditions
below are

C>B>A

A: QD with MBP-5His and R-CD-QSY9 dye

B: QD with MBP-5His and free QSY9 dye

C: QD with MBP-5His

TELUN R - AL THE T2
C>B>A.

A : B4 MBP-5His 1 R-CD-QSY9Z4kiIQD
B : B4 MBP-5His 1 j##QSY94ult1yQD
C : E5 MBP-5His (15 QD

QD incubated with MBP that was preloaded with R-CD-QSY9 will not
show FRET.
QD B A5#B-CD-QSYOYMBPE KA~ & B RFRET -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 13  Expression of Thermogenic Genes
FEERELIRIN IR

Brown adipose tissue (BAT) activation through B-adrenergic signaling pathway is
associated with expression of thermogenic genes and the process of thermogenesis.
Glycogen synthase kinase-3 (GSK3) acts as a regulator of B-adrenergic signaling in
brown adipocytes. ISO is also a chemical stimulator of BAT activation; its effect on GSK3
is shown by the Western blot below (p-GSK3 is phosphorylated form of GSK3).
SB216763 is an inhibitor of GSK3. Effects of these two agents on the expression of
thermogenic genes (Fgf21, Ucp1, Dio2, and Ppargc1a) are shown in the Figure below.
B-& ERRZE(LIREAERGAHE, (BAT) AYRHE EHRRSIR Bl B N R A BUETE A
B8 - HFEE S ECHERE-3 (GSK3) FefrtfsH4liAl - T S EnR-E LR 3R 2 SRS AR -
ISO Ly nlJEEBATHYLER R HER o TIPS )T 2R EAHTRISO¥H GSKIH/EM (p-GSK3ZE
GSK31ikz LI =) - SB216763/&GSKIMHIIHIE - & WifdEsmEE 2R ( Fgf21 -
Ucp1 - Dio2K1Ppargcta ) FIAYFEL T EFR -

501 mHO
[1SB216763 + H,0
4] mso
I SB216763 + ISO

p-GSK3

GSK3

Internal control [
I1SO
Fgf21 Ucpt Dio2 Ppargc1a

mRNA (fold change 48519 87)

(*) shows significant difference as compared to control (H20)
() 2T BT [ L R 52

Based on these results indicate if the following statement are true or false.
RIBLGER - 5 THIRUILE B B
TRUE FALSE
E3) i

GSK3 acts as a negative regulator of B-adrenergic signaling in brown
adipocytes.

GSK3 AT LUE RB-5F LR 2R ¥ Cu AR AH AT S B A Hy S 5 BT -

Phosphorylation of GSK3 causes decreased expression of Fgf21.
GSK3 ki LEE Fgf21 AR [ZAK -

SB216763 may prevent diet-induced obesity.
SB216763 1] LATHGE & s EHYHERE -

Use of SB216763 and ISO together cause much higher increase in the
number of Ppargc1a mRNA transcripts as compared to Fgf27 mRNA
transcripts.

B1Fgf21 mRNAE SIS EALL - [FIFF] I SB216763MISO & A AIE I
Ppargc1a mRNAE g8 &
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[ Q. 14  Antioxidant Defense in Plasmodium JEE & S E/E

Plasmodium is a parasitic protozoan that is prevalent in tropical countries. Once the
parasites invade host red blood cells, they multiply within 24 h. Fe?* in red blood cell can
react with free O, as well as H,O,, causing formation of free radicals that can damage
parasite cells.

Unlike host cells, the parasites lack several enzymes of antioxidant defense systems.
Scientists analyzed the proteins from the parasite cytosol using two dimensional gel
electrophoresis (see image below).

R MR8 RSV EIRIRNAE - — B2k 08 AT EALIIRAINE - & Terie2d
IN TR

{E 2L BRARAE o Fe® o] LUEL ) O2 bl Fe HoOo 2 JE - T4k FT AR % 2 4= s A
FAL o HEIR &l = 2T S LI E LG - BT ORISR (E ] 4 BEE Bk e R
sdiiREFRVESE (AR TE) -

Then, using mass spectrometry and peptide mass fingerprinting, they identified 6
proteins (spots 1 to 6) corresponding to human peroxiredoxin, while one protein (spot 7)
corresponding to Plasmodium peroxiredoxin.

PN M ERNIINE E1a8GHE] - E T HER MBS LYRH6TEE L E
(R1E6) - M—EERE (B7) BERaABSLEREAR -

22 kDa

31 kDa 17 kDa

21 kDa

14 kDa 15 kDa

pl 4 pl 9 pl~5.3 pl~5.7 pl~6.8
Indicate if each of the following statement is true or false.
e TR E B
TRUE FALSE
¥ i

Based on the presented data, Plasmodium peroxiredoxin is a multimeric
protein.
FTLURIELL EER - ARSI LB R e — SRR EN

All human peroxiredoxin proteins have a positive net charge at
physiological pH.
Fira N A S (L8 R E A IR AR T M is R ts N #7 1EE
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TRUE FALSE
# #H

Gel filtration chromatography is suitable for separation and purification
of the six human peroxiredoxin proteins.

S FH AR A A AT DLy BB A B AE S RV B S B R

Immunoaffinity chromatography can be used for separation
of Plasmodium peroxiredoxin from other Plasmodium cytosolic proteins.

ISR O A P AR E R aanv B S LB R B L T E R il E N

EAHEITHE

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 15  Enzyme Reaction Rate [ 27 fEHi%

The figure below depicts the relation between substrate concentration and enzyme
reaction rate.

I B 2 R T B 2R R e R 7 P

Maximum rate/ saturation velocity)

Initial rate

K [S]

Indicate if each of the following statements is true or false.
fE TR S B -
TRUE FALSE
3 i

At saturating levels of substrate, the rate of an enzyme catalyzed
reaction is proportional to the enzyme concentration.

FERIAIEYZE T > BER bR ERY AR LR RIELE -

If enough substrate is added, the Vmax of an enzyme catalyzed reaction
in the presence of a noncompetitive inhibitor can be the same as Vmax
of the reaction in absence of the inhibitor.

WHRRIEHHIZE - AEIRS IR T - BERECER
Vmax & B g A IR I S R Vmax AHE

The rate of an enzyme catalyzed reaction in the presence of a rate-
limiting concentration of substrate decreases with time.

2 AR IRARERZEFAE [ BRI Ry 2R B [ 2R -

The sigmoidal shape of the V versus [S] curve obtained with allosteric
enzymes indicates that the affinity of the enzyme for substrate
decreases as the substrate concentration is increased.

FH 2 HEEEGHIVELL[SIHIRAVS P& » BEEZE RSN » IR E
AR IR -

The affinity of an allosteric enzyme for substrate varies with enzyme
concentration.

SR B AN I BERE 2R OR S T 5 -

COMMENTS MAXIMUM POINTS STUDENT POINTS
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(o Q. 16  Pedigree Analysis
RE ARl

The inheritance pattern of two rare traits, represented as vertical and horizontal lines, is
shown in the pedigree below.

W (B R Mo RAY (AR - 0B PATE ERUKPRERR - BURME NHEAVEE RS -

£

1

T

ITETT

Indicate if the statements are false or true.

fE AT FIALE B ess -

TRUE FALSE
¥ i

Inheritance of one of the traits is Y-linked.

B — (AR B (SR Y A IR -

The data presented is consistent with autosomal recessive inheritance

for both traits. B

Fir S TR A s B A MR AV AS L RS PR M (L — 2K -

The phenotype of IlI-2 may be due to non-dis junction in 1I-2.

-2 TR FEL PR By 1-2 T o 3 B L -

The phenotype of 1lI-2 may be due to cross over in II-2.

-2 FUFRIATRE RN Fy -2 24 B JAA 455 -

The probability of the phenotype of IlI-2 being due to a mutation that

occurred in an egg cell of 11-2 before fertilization is twice the probability

of the phenotype of IlI-4 being due to a mutation that occurred in an egg

cell of II-2 before fertilization.

HRESZAGRT > 11-2 BUP4HAEES AR 2288 » HEl -2 RARPTHREE -4

IR -
COMMENTS MAXIMUM POINTS STUDENT POINTS
TOTAL 0
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(o Q. 17  Secondary Neurons
REBAHELTT

As it is shown in the figure, the sensory neurons can modify the function of adjacent
sensory pathway. This inhibitory effect is conducted via intermediate neurons at their
synapse with second-order neurons. The width of neurons is correlated with their activity.
WIEF7R - BT o] DA ST DR (s o EHNIHIE A £ B s B — SRiaon
TRk ZEfE < Fr fEii4E ot (intermediate neuron)(IE R EE F S22 I M fEsEoT) - 1
TR R T MRy SEh 2 UIAHERE -

v Y
Secondary postsynapticZt4l 2<%
cell 4Rt
® yao
Afferent neurons {8 A FH4% T ' ' '
A B C
Action potentials {# A {58 T~
in afferent neuron Eh{EE L 1 1 1 AL D
According to this phenomenon:
RS -
TRUE FALSE
) B

The firing rate of all second-order neurons is higher than to first-order
neurons.

BRI TIEE > ATE T R E S (R ) -

The highest relative changes between second and first-order neurons
will happen in Path B.

RTINS T P65 A S 2 (L ARG B -

The difference between the firing rate of second order neurons in A and
B pathways will be higher than the difference between firing rate of the
first order neuron in these pathways.

AFIBIER 1 1 IR SR AHEE TT RS R Y 72 Fl = R 18 = (BB AR th ahpedoe
YIS EE ER AR A 52

This mechanism may help to localize the sensory stimulus
more accurately

LLEA%AI AT BE 5 B SRR 4 T A SRR -

COMMENTS MAXIMUM POINTS STUDENT POINTS
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(o Q. 18  Patch Clamp
fE = $HE i

A researcher used a patch clamp technique to record the current of only a cation channel
(single channel recording). The pipette contains 150 mM of KCI surrounded by a bath
solution containing 150 mM of NaCl, and measures the channel current by clamping the
voltage in different values. Current-Voltage curve (I-V curve) is shown in the following
figure

.AV=Vinterior - Vexterior .

bFE N B 5 IR R $HE i (pateh clamp)st st —1IEF5 8+ 8 Fr e A=~ Bt (B — e 7 i
&CE%) o BUEE NS A 150mMEYKCI - EESMEH150mM NaCIHY AR - B 5ne ol [E e B
BRI EIRUE - WECEk A [F SRR T8 2 B » EERPTe L B - EEREhAR (IVilh
&) 2 NEFTR -

AV=Vinterior - Vexterior .

A negative current value (i.e., inward current) can reflect either the movement of positive
ions (cations) into the cell or negative ions (anions) out of the cell.

A positive current value (i.e., outward current) can reflect either the movement of positive
ions (cations) out of the cell or negative ions (anions) into the cell.

SEE (RIERURAEIEA ) 7T AR IERET (FoEeT) AL s & s T (F2REr)

HEFALAL -
IEEE (BIERUR LA ) r DA IERE T (BT BEbHdiE=cam T (BEEET)
H#E KA -

(PA)

| (PA)ZE S

0 KC> NaCl
s out (4RI (KHAEA)
0 f //

-100 -75 -50 -25 0 25 50 75 100

AV(mV)EEE(mV)

Indicate if each of the following statements is true or false.
fa T F I ERU R ¥ B -
TRUE FALSE
3 5

This channel is not selective, and both K * and Na * ions pass through
this channel.

TR — MM o A EK THINa TR

The Na * current decreases with increasing voltage.
Na " 887 fE 2 S R AT 3 e KK
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TRUE FALSE
# 5

The K * current increases with increasing voltage.
K B8 7 = BRI B T B

The resistance of the channel to negative voltages is less than positive
voltages.
I B AT 2 R R B R/ N TR BB R -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q.19 Memory Performance
EWIsecei)

In a recognition memory task, subjects (human being) viewed a series of different visual
objects that occurred at different times within the breathing cycle. The interval between
displaying images was 3-6 seconds. After a 20 min break, subjects were presented with
the old pictures from the encoding session plus an equal number of new pictures; and
the subjects pressed the “Yes” button if they had previously viewed the object's image,
and pressed the “No” button if the image was new. Subjects' memory performance was
examined in the episodes of inspiration and expiration, and in mouth breathing and nasal
breathing (In figures “*” means p < 0.05 which indicates significant difference between
groups).

e pEe BB - ZE BB EEPRIEERE A A FERFEN — RV EEEG - IERGE
FfEIR Ry 3-6F) - RE20578#1% - M2l H(EF 2 E4RtS 2 ElE H DU AEEEE AT E
F oo WGESKAIRE 2 RIAVEE R o B TR W S R R o AR TS - S2E
FRE T AR AT IR o i @A SR » DA CIRPIR PR im g op - faofl sz el & 150
BRI ("Fomp <0.05 - FRHMIABEEER) -

A
Y © ISR,
SRR U TR S0 TR
SCIREFHEEL | R
SCIREHIRE © FER
e
B C RS | Sl
O 405 : R4 Owa | ma
Ol 408 © U4 WS | mE
o W SRR BA O & T4,
@ S EGHRA  WE Ows |94
~ 79 90
©
~ ~ 80
3H 74 &
B T
4
# 69 b
g@r 60
64
FRETIEE — FIMSEER 50

Indicate if each of the following statements is true or false.
e MY ERUL B EsE -
TRUE FALSE
¥ i
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TRUE FALSE
# 7]

The inspiration and expiration phase does not affect memory
performance during oral breathing.

2B A S > R SRR RS B s B2 el F HIRC IR -

Memory function during nasal breathing is significantly more than during
oral breathing.

FH S AR R RC TR T RE AR = i P s EE PRI R BC I D RE

Regardless of whether the object's image is displayed during the
encoding in the inspiration or expiration phase, if the object's images are
depicted in the inspiration phase during the retrieval, memory
performance is significantly greater.

EAEECIR < SRbSI A - SRR ROE A P B 2 s BURE S - 1T
(E SRR T TRC IR ST PR I B R el (B » Azl 8 2 seisie i i 1

=] o

In breathing through the nose, unlike encoding, the accuracy of retrieval
in the inspiration phase is significantly higher than in the expiration
phase.

G2 ST AIERERESAE] (2RSS PR SO IR ER PR B R

B SR SR L -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 20  Magnetic Resonance Imaging
A BT

The principle of magnetic resonance imaging (MRI) is based on the fact that the nuclei of
certain elements align with the magnetic force when placed in a strong magnetic field. At
the field strengths currently used in medical imaging, hydrogen nuclei (protons) in water
molecules and lipids are responsible for producing anatomical images.

AR (MRI) AYECAJFER 3 22 R e e R BN RGN - FrEs 4B 2 W0 E o
TLRIR T ZAFEBEER 5 m - (82 ik - (EAEVISSEFIE0TTE > /Ko E ARG S RHED
7y AR F By Rial - S F A SR 7 2 e A NS fEEE A -

If a radiofrequency pulse at the resonant frequency of hydrogen is applied, a proportion
of the protons change alignment, flipping through a present angle, and rotate in phase
with one another. Following this radiofrequency pulse, the protons realign (relax), they
induce a signal which, although very weak, can be detected and localized by copper
coils placed around the patient. An image representing the distribution of the hydrogen
protons can be built up.

WIRAT S8R P U IR E AR 2 R, - Al (e OB ey = fe A s AR
e o At —2K - B IRGE A RIRGE - MEAAGT o (H2eE EIE e R R R R
sk > A —2RBI AT S E T A -

The strength of the signal depends not only on proton density but also on two relaxation
times, T1 and T2; T1 depends on the time the protons take to return to the axis of
magnetic field, and T2 depends on the time the protons take to dephase. A T1-weighted
image is one in which the contrast between tissues is due mainly to their T1 relaxation
properties, while in a T2-weighted image the contrast is due to the T2 relaxation
properties.

(SRS NMERUANE T3 - BECAT W[ R E T VRIT2; TIECARYE 7R [BIE50
FTRRAYIFIE - T2HURYE 7 AdephaseifE] » F2AE TR T2/ I El 5 DL A5 i
FIEH -

T1-weighted image: Fat signal intensity > Water signal intensity
T2-weighted image: Fat signal intensity < water signal intensity
TIFERE S © RERGE9R8E>/KETRRE
T2fNHEE R © RERG{E SRR < /KGR
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Figure 1:
axial image
of brain
A
X
[ X
& k5
-— Y
5 5
'n_: -
B
Figure 2:

Coronal T2-weighted
image of abdomen

Based on your anatomical and physiological knowledge indicate whether the
below statements are true or false.

TRIB RIS AN TR - f5H T YRR B EsE -

TRUE FALSE
¥ H
The figure 1 must be T1-weighted image due to higher signal intensity of
white matter than gray matter.
1. R TANIREE G - (R HE R ESRRE S IE -
If there is inflammation in a tissue the inflamed area would be of higher
intensity in T2-weighted due to the resulting edema.
WIRAAGHIE K - R sk EEOKRE » 48 R EIAET 20t B G Rk &
FERE -
the major secretions of the organ in figure 2 which is marked as A, are
amylase and lipase.
[E2AZ5 B 1Y £ 5502 ot B ARG AT -
In figure 2 the part B is shorter in herbivores than carnivore mammals.
frE2d - EeErhryBE L' NENYI R AE YA -
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 21 Menstrual Cycle
EECYERE

The menstrual cycle is the regular natural change that occurs in the female reproductive
system. In the ovary, where oogenesis take place, each cycle can be divided into three
phases consisting of the follicular phase, ovulation and luteal phase. The menstrual cycle
is controlled by hormones of hypothalamus-pituitary-ovary axis. The figure shows
alternations in body temperature and hormonal changes during the menstrual cycle.
P& AT i as AR AU B A8 - BSOS A A OV ELeh > (i E H

Aoy Ry = (P& EL - EFEIREH - FRONERRISEACHA - H &I TR -AS RS - DN SR o
TR - TNEIRUR T HSBE A R I S HER AR (+

IEESLLERN it

Use the figure to answer questions 1 to 5.
{58 FH 2% [ 2 (B 2 R RE £S5 -
TRUE FALSE
¥ i

The increase shown at point A is caused by the effect of estrogen on the
anterior pituitary.

ABLEY ETHE SR RS SR A AT SR BT S [HEE -

Curve B shows changes in progesterone level during menstrual cycle.

iERBEU H &I s G 2R LAY ER L -

The source of the increase in concentrations indicated at point C and D
are granulosa cells and corpus luteum, respectively.

FECHRINIDESH RS o> Al e 2k B it S Al = A -
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TRUE FALSE
¥ i

Substance E is secreted by follicular cells.

Y& EdUREARE T 3k -

The cause of the sudden increase shown at point E is positive feedback

of estrogen on the anterior pituitary and absence of progesterone.

ERGZEIATIE E T2 Rl 3R B R T 48 A B A R (B a5 R I s #G R AV Bk

2 o
COMMENTS MAXIMUM POINTS STUDENT POINTS
TOTAL 0
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[~ Q. 22 Coombs Test

There are two clinical tests to detect some antibodies against erythrocytes (RBCs), direct
coombs test and indirect coombs test.

H##Coombsz S flfki#2Coombs it fy Wi fdlE R _E ] LUFEISL Bk AS < A il 5 =X -

During the direct coombs test a blood sample is taken from a person. RBCs are washed
(removing the patient's own plasma) and then incubated with anti-human globulin, which
attaches to all IgG antibodies. Coombs test is positive if agglutination reaction occurs.
H#Coombsigfl] : B 25l EHHUILIREEALR - HILERRBC (MIAREEE BHMEE) -
P& ARSI A bils —iEEE - NABBKEO DS AT ZFrAIgGHIAG - MR EAHE
[ 7 Flll i Coombs &t g 52 35 157 14: S T -

n the indirect coombs test, serum is extracted from the blood sample taken from the
person. Then, the serum gets incubated with RBCs of known antigenicity and is washed.
Finally, anti-human globulin is added. If agglutination occurs, the indirect coombs test is
positive.

FEfEIFEcoombs Gt - E el ARYIMURERA T ZHUMIE  241% - R g B E PR MY
RBC—#LIE 8 ROk » ff% » NI ABSEKE L PG - AR 54 - Al RR2CoombsE
i 2 P51 S HE -

Indicate which of the following statements are true or false.

a8 TS ERGILE E B -

TRUE FALSE
¥ i

Direct coombs test will be positive only if autoantibodies are present.
PAAE BB RN EBECoombs I A & 2HR Y -

If the result of indirect coombs test using serum of patient 1 and RBCs

of patient 2 is positive, so we can use the patient 2 as a blood donor for

patient 1.

WEIRF B E 1B B 20YRBCHET TETRECoombs IR, » HAGE AN ZLS

M AR 2RRIMmAE B -

Anti-human globulin specifically binds to the variable part of human anti-

bodies.

N2 =B -CIESE SE RN R b=

In a positive indirect coombs test, antigen-antibody reaction happens in

Vivo.

e ECoombsatEasli B 2 51 - RILLHUR - DA 2 S IE ] 72481955

E o
COMMENTS MAXIMUM POINTS STUDENT POINTS
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[ Q. 23  Neural Network
AR LG %%

The diagram below illustrates a neural pathway and the features of the
associated neurotransmitters are described in the table.

T E B RS AR P T ELF l  AHEH S (N1-NS) R EB ISR T3 -

lons concentrations inside and outside of the cells are same as their physiological
normal values in body and inhibition of an inhibitory neuron results in the stimulation of
postsynaptic neuron.

“+” Symbol in table indicate the activation of the ion channels which increases the ion
permeability across the membrane.

AR A8 N TR B AS P Y AR B TE B AHE] - TR M e Ty IR B e L B e il 1%
THESTTHYELEE -

G NI N = SN = 1 D o i i) || Wi OF: e e i

Neurotransmitter . N .
y. R 3 g I / N ) K
R CrggtE a* At

i
(54
=

N1 +

N2 +

N3 +

N4

N5 +
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Indicate if each of the following statements is true or false.
B A TTZ BRI - SFia T YIS0 2 HEEE -

TRUE  FALSE

# i
The function of N1 neurotransmitter is same as acetylcholine.
N1 LR A B S /Y DRe B L BRRE A (=] -
Neuron G is not depolarized and neuron F is stimulated so muscle M1
contracts.
LT G A At b H AR TR RDEAREE T > ALAMAU 4 -
Neuron G gets depolarized as a result of Na ions influx.
FNaiE R A - fioTGERML -
Neuron F gets depolarized as a result of Cl ions efflux.
EENNOL S TRa AR L A iy T il
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 24 HOX Genes [EJEEAIERA

Neural tube in the vertebrate embryos,lies the anterior-posterior (AP) axis and creates a
variety of structures. There is a large body of evidence showing that AP patterning of the
vertebrate embryos is controlled by HOX genes. Spatial and temporal expression
patterns of HOX genes are controlled by factors usually present as gradients in the AP
axis of embryos. One of these gradients is generated by retinoic acid (RA), a derivative
of vitamin A, with maximum concentration in the posterior region of the embryos (Figure
below).

EHEENPIRERE T AV ECE LA - 18 (AP) BINEE 5 H 2SR - A RESIBEERE S
PIHEHGHY AP Z HOXEL AR o HOXERAH 22 F 25 2 il — (28 5 1F R AR ARAPHhHY
PO AR IR T2 -

Hrp—(EfpEhAE =R (RA) (Vitamin ARIUTAEY)ZELE > FERRRHIIR F BT E A AR
& CTHED -

gene |l gene IV

gene | gene llI
gene |
gene
gene llI
gene IV

w X Y y4 Tissue

Head Tail

RA concentration

Indicate if each of the following statements is true or false.
R lIECIba S E
TRUE FALSE
¥ i1

Overuse of vitamin A by pregnant women may cause abnormalities in
the embryos. \
P E A ZAT R g EEIM R A -

In an embryo that has been affected by excessive amounts of RA in the
early stages of embryogenesis, the forebrain may not form.
EREREEE B R P B RAZEMIEI T - FIlE T RE A GIPEL -

Loss of function of a HOX gene in the embryo may have the same effect
as an excessive amount of RA.
HERG T HOXEL AR T AE He 4k il g Bl | YRAB A HEIHTRCR -

In an embryo whose expression of RA nuclear receptors has been
downregulated, the midbrain may develop similar to the forebrain.

FERAIZSZAGZRIR ERAVARAG T » T AT RES% A A DU AT -
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[~ Q. 25  Shell Coiling ##4F#2HTl7ENE

In snail, the direction of cleavage, and therefore the snail shell coiling, is controlled by a
single gene, in which the right-coiling allele, D, is dominant to the left-coiling allele, d.
Below table shows the results of a set of mating experiment.

FESS A S S - DN TG - BARRAIENE - B AR - AR (right-
coiling)yFALELAD - /e fierk (left-coiling) Y (L B N ESS - FREUR 74K BC B
EESR -

Genotype Phenotype
DD?Q x dd& —»  Dd Al right-coiling
DDJ x dd? —» Dd All left-coiling
Dd x Dd —> 1DD:2Dd:1dd All right-coiling

Based on the results of mating experiment, indicate if each of the following
statements is true or false.

FRIBSCBCEBRAVETR - R MY IRGIE S Esh

TRUE FALSE
¥ i1
The direction of cleavage is determined by the genotype of the
developing snail.
2= DN 5 R 2 FH IEAE 2% 5 A i A A AR A BRI Fred] -
If the egg cytoplasm of a recessive homozygous right-coiling mother is
injected into the eggs of the “dd” mother, the resulting embryos coil to
the left.
it 2R H B (recessive) A 2 & 5-(homozygous ) A gl - REE Y D&
B8 - ESTEI A" RERRYIN T - B T HIRRRE SR A hE
Injection of the egg cytoplasm from a heterozygous left-coiling mother
into the eggs of the right coiling heterozygous mother, does not affect
the right-coiling in the embryos.Z5F 7k 5 B2 &1 (heterozygous )iV /£
- BRIV ON AR E - SRS EAE H A RAIE FRERION S - & NavitAa
BT ANE
“DD” or “Dd” mothers place a coiling determinant factor inside the egg
cytoplasm.
“DD” & “DA"HYRHEA - SR EIER S ot sa ey E - B AL EH
s -
COMMENTS MAXIMUM POINTS STUDENT POINTS
TOTAL 0
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[ Q. 26  Dendrogramma N HZ e E L

Dendrogramma is a new animal species which has been collected at 400 and 1000
metres on the Australian continental slope off eastern Bass Strait and Tasmania during a
cruise in 1986 and described as a new taxon in 2016. The new taxon is multicellular
(metazoan), non-bilateralian, apparently diploblastic with a dense mesoglea between an
outer epidermis and an inner gastrodermis.

Dendrogramma g —E+1E 19864 1~ BN = B S IS T JE 00 B Y48 B P g R i)
A AE20 1R At R o3 R - B EFHRIVITE H2 240 - JERfIIE T - ARk
» YNGR BRI R T ' T R i -

This animal is composed of a body divided into a stalk with a mouth opening terminally,
and a flattened disc. The mouth is set in a specialized, lobed epidermis field, leading into
a gastrodermis-lined gastrovascular canal (pharynx) in the stalk which aborally branches
dichotomously into numerous radiating canals in the disc. We can state with
considerable certainty that the organisms lack cnidocytes, tentacles, marginal pore
openings for the radiating canals, ring canal, sense organs in the form of statocysts or
the rhopalia, or colloblasts, ctenes, or an apical organ.

‘i@%ﬂ%ﬁ {EEE R AT — B AHRE » CIREAD P ETSIRFR A& - 48 R S TR ERE > 12
BOIRED SCARF S IAHINE E - MFIER = RIS - 8T - BENERBGHD - BiRNE - Ak
B~ ISR E

No cilia have been located. They have simple mouth opening with specialized lobes
secreting mucus.

WS HEEE AR CHRGERS T B &5 08 g -
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Disc notch

Gastrovascular canal of
stalk (pharynx)

0.5mm

Mouth-field Mouth-field

Gastrovascular
branches
Disc D)

C Disc notch
notch

Stalk

Bilobed mouth-field
mouth-field

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

fa TR $ 2sh

TRUE FALSE
¥ i

According to the characteristics of Dendrogramma it could be placed in

Cnidaria.

a4 —E S N SRR EN Y

It seems likely that Dendrogramma feed on micro-organisms.

R4k 7] PAZ G5 A )

Lack of statocysts and rhopalia shows that this taxon does not have

nervous system.

A Byttt = —fe /K RIS BB - AT LUK E 42 A (s 240

Most likely Dendrogramma could have Dinoflagellate symbionts such

as Symbiodinium.

REGR ARE B A SR a4 4 1)
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 27  Intraguild Predation
fHE e MrE RN &

Intraguild predation is the killing and sometimes eating of potential

competitors. Reciprocal intraguild predation with size structure, is one type of intraguild
predation where both consumers feed on each other’s juveniles. In this case, P1 has
piercing-sucking type mouthparts, and P2 has chewing type mouthparts. In the figure
below “R” represents resource, “P” represents (reciprocal) intraguild predator,

j’represents juveniles and “a” represents adults.

HE RSN E @ 5HVE#RE - EEaHE—aMEREArE RS - HhaEm—1EE
{Ereciprocal intraguild predation with size structurefyfH[E &[S E N E @ SfEEET
A BTG (juveniles) - EExP1EYE AR C8E - P2EAHRA 88 - 1F
T - "RYEENR - "PTREHEE (SR BRILL) - R - "a R

Indicate if each of the following statement is true or false.
fa i YRl H B -
TRUE FALSE
£ i

If P1j population increases, then P2a will produce more eggs.
WIRPE RGN - P& £ A0 -

If P2j population decreases, then P2a population will increase in next
generation.

RP2JEER) - P2alyBiEAE N —(E AR -

If R increases, then P2a doesn’t feed on P1j.
WIERRMEH - P2ahEfaP1j -

If R decreases, then P2a population will increase in next generation.

WIERRIED - P2a s AE N —(E A GRFg I -

COMMENTS MAXIMUM POINTS STUDENT POINTS
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COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 28  Tunicate Morphology j&#51HFEE

Five distinctive characteristics that, taken together, set chordates apart from all other
phyla are notochord, dorsal tubular nerve cord, pharyngeal pouches or slits, an iodine
secreting organ (endostyle), and post-anal tail. These characteristics are always found at
some embryonic stage, although they may be altered or may disappear in later stages of
the life cycle. Tunicates belong to Deuterostomia group of Metazoa and are found in all
seas from near shoreline to great depths. Most are sessile as adults, although some are
free-living. The name "tunicate" refers to the usually tough and nonliving tunic that
surrounds the animal and contains cellulose-like components. As adults, tunicates are
highly specialized chordates, for in most species only the larval form, which resembles a
microscopic tadpole, bears all the chordate hallmarks. Tadpole undergoes
metamorphosis and changes its morphology and anatomy.

BRIV OTEALE - 5% > FEREEER > BAWEERE > drbdss (W
J& ) MBEARLFIEITHIRED -

BRI DAEM ARPE B33 - @ E T M AT RE S e A0S S PR P s A S B EIUR K

ISR CIRENY) - MR VB R B Y REBEEG R EIE R - T HAEES N =
HHEER - BYEOYRELRGHE - BAFER  BAERRREZRAX -
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Excurrent Incurrent
siphon siphon
Sensory
tentacles
Pigment
spots Nerve
Atrium ganglion
Pharynx
Genital i
duct Endostyle
Anus
Pharyngeal
slits
Intestine
Mantle
Tunic
Heart
Stomach Gonads
(ovaries or
testes)
Stolons

Structure of a common tunicate, Ciona sp.

Based on these data and Figure, indicate if each of the following statements is
true or false.
RIBE » 5% H T FIRGILE H 5ieE
TRUE FALSE
¥t o

Adult of tunicates shows two shared derived characters, which are
present in all chordates.

A AR PR B T A B R e A TR AR (E -
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TRUE FALSE
¥ 5
Main pathway for seawater is: incurrent siphon, gut, anus, atrium and
excurrent siphon.
TR EERREE ¢ incurrent siphon, gut, anus, atriumi#f
excurrent siphon -
In Ciona, notochoard is homologous to backbone of vertebrates.
R BRI B [ER -
Ciona belongs to the coelomate vertebrate group and coelom forms
from fusion of enterocoelous pouches.
TR HAGHE"AME"EY) - BelEE GRS IER R S -
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 29 Metazoa Taxonomy 7& 4 B 4548

You are given four figures referring to typical representatives of four major phyla of
animals.

£ R E A R RAER ) 2RV E R

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

R lIEClbes S
TRUE FALSE
¥ i

Organism A belongs to a taxon characterized by unique aquiferous

system, radial or no symmetry and lack of tissue and organ systems.
ABETERIVKE R ~ BT EEE0 A EENE - N EFEHSEERE -

Organism B belongs to a taxon characterized by bilateral symmetry, lack

of coelom, protonephridia and ladder-like nervous system.

BRA{HITH ~ SRR - RAREE » AR A5

Organism C belongs to a taxon characterized by entrocoelic

development, pentaradial symmetry and metamorphosis.

CHIGRNE ~ TURGT TR - 4GS HERE -

Organism D belongs to a taxon characterized by radial symmetry,

hydrostatic skeleton and schizocoelic development.

DR 1 ~ A/KBEE I FRIREEEE S -
COMMENTS MAXIMUM POINTS STUDENT POINTS
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COMMENTS MAXIMUM POINTS STUDENT POINTS
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[ Q. 30  Amphioxus Morphology =7 & I 5E

T

Amphioxus (lancelet) is a marine slender, laterally compressed and translucent filter-
feeder deutrostome that inhabits the sandy bottoms of coastal waters around the world.
Sexes are separate, gonads are located in the atrial cavity and there are no ducts. The
closed circulatory system of this fish, like animals, is complex for such a simple chordate.
The flow pattern is remarkably similar to that of primitive vertebrates. The colorless blood
is pumped forward in the ventral aorta by peristaltic-like contractions of the vessel wall
only, then passes upward through branchial arteries (aortic arches) in the pharyngeal
bars to paired dorsal aortas which join to become a single dorsal aorta. From here the
blood is distributed to the body tissues by microcirculation and then is collected in veins,
which return it to the ventral aorta.

BREERSY)E U NDEREE R - R4 - EEBRAOEEN  12FE
FEE AR ~ PASHEUIEER - MURTESRPEIT R anpr EEhY) - fE i i A8 0 & BE U 4 A RE T80
AkepiEn st - AR A REREIRE VARSI (LIRS ) SIRCE YR EER - 5Lk EEAR
PR Ry Bl R E BN - (CEM > MURAEEMIER D IRFI S AGAHE - 2R EPRAFIRT
AR LR R B 2HE LB -

Oral hood Rostrum 17

with tentacles [15% Wheel organ #7122

Pharyngeal
slits TAZL
Endostyle [yt Dorsal nerve
Pharyngeal oord HHER
bars IAZ4{5
Jt.
Gonad 4 Nolochord 7t
Hepatic
cecum HFf& Dorsal fin £
Atriopore [EAEFEFL
lleocolic ring 4R
Intestine &
Ventral
fin g Myomere fl i
Anus fTf Caudal

fin Efig
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Dorsal fin £
Fin ray fg{&

Myomere HJL&fi
Dorsal nerve _
cord LR Myoseptum fJLfE
Notochord £
Dorsal aorta £ EfjHik Dorsal aorta 2 &k
Coelom ffx
Nephridium &4 Epibranchial groove % F&
Pharynx I
Testis F5 & Gill slit f#24
Endostyle jufE
Metapleural
fold fE#E

Ventral aorta fE&)ik

Based on these data and Figure, indicate if each of the following statements is
true or false.

RIZE R - SFfa T FIRGE s
TRUE FALSE
# B

The blood is circulated from anterior to posterior dorsally and from
posterior to anterior ventrally.

MR RAE R HbAE - FHBURENR )T > R & HE T R -

The heart consists of a sinuous venosus, a cardiac atrium, and a
ventricle located ventrally and carries low oxygen blood.

DB AR ORI ALY MR A S S -

It differs from vertebrates in having numerous pharyngeal slits that are
not open outside directly but acts as a trapping structure to collect small-
suspended particles.

HAEESL R 2 AR U B K R Ry -

Sperms are released into the atrial cavity, and then pass out via genital
pore and atriopore to the outside where fertilization occurs.

T TR O FHER > 28R i AR T as B F LR B AR LRSS -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 31  Electrocardiography /[, &

Electrocardiography is a method to study the electrical activity of the heart (ECG). In
addition to P, QRS and T waves, there are segments and intervals which are defined to
show a specific period of time in a cardiac cycle. A variety of different factors like
concentration of electrolytes, drugs and temperature could have an effect on waves and
intervals of ECG. A group of researchers have studied the effect of body temperature on
QT and RR interval in electrocardiogram of beagle dogs. The result of their study is
demonstrated in figures 1 and 2.

O EEE VT LEEES) (ECG) #YJTE  Br 7P > QRSHITIR Z4b - @A %57
K Z FEI IR AT DA O B B B B R e 8 © A S A [FRY N R A s B0 BRI
JORIfEIRE > ANERAERIE - SEVINDRIESS - W7 N BFeA R B EER R0 B E T QTHIRR
AR 2 - MR FEES R ATEN R E 2R -

Note that RR interval is the time between two consecutive R waves and QT interval
is the exact time before start of Q wave till the end of the next T wave.

%:Ef ;}?ﬁRF’EﬁBﬁ%W@ﬁ@R%‘ZZFﬂE"JH?IFEI'?I » QTHERER QBT T —E TR R Z AT
B ©

RR Interval
1400

1200 -

1000 v\.\

800 \.\
600 \.\

e

Time (ms)

400

200

31 34 37 40 43

Temperature (°C)

Figure 1. Relation between RR Interval and body temperature RR /&g #1425 1Y/

QT Interval
600

500 .\0\

400 \\'\
300

—

Time (ms)

200

100

31 34 37 40 43

Temperature (°C)

Figure 2. Relation between QT Interval and body temperature
[E2.QT /i Fiie i i 2= EH T 17
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Given that QT interval gets shorten by the shortening of the RR interval, a formula (given
below) has been approved to calculate a corrected QT interval (QTc) to allow the
comparison of QT interval over time at different heart rates.

-Hodges formula: QTC = QT + 1.75 (heart rate — 60)

CA4EE RREEAN G465 QTR - THIAZ AT H LG R IERNQTHEEE (QTe) DAmEF
TEAREL OB L QTiE fRRER Ay 1L
-Hodges/A = : QTC = QT + 1.75 (,[»Hk- 60)

ndicate if each of the following statements is true or false.
feH T F IR S B -
TRUE FALSE
H i

Body temperature does not have any effect on heart rate.
Ao Lp 2 A2 -

Independent of changes of heart rate, QT interval is shortened by rise of
body temperature.

QTRETHAR A RT3 11 4 R AR 52 B 0ok B L AR -

Hypocalcemia will shorten the QTc interval.

{RSGIME & 4 R QTCRET -

In higher body temperature, end diastolic volume of ventricles is
increased.

FEEGSHVERRES - LSRRI SR G RE 0 -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0

https://20

PLANT PHYSIOLOGY fg#¥74H
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Y

e

[ Q. 32 Bromeliad Morphology E\FLfHE 15

Some plants in the Bromeliaceae essentially lack stems and absorptive roots. They take
up water from reservoirs known as “tanks” that are formed by overlaps of bases of
different leaves (Fig. P-Q). All Bromeliads have profuse trichome coatings on both sides
of their leaves. The coatings consist of tiny sliver white cells that are able to take up
moisture and nutrients and transfer these into the plant.
BERH—EAE YA AR Ef = SRR A FIEseis R"/KEL (tanks) "HYEE/KEL IR EUK
5y BEOKELRHANEE TR EEMAN (EA-B) - FrAEZRHEYIEE FHIRIHIFE
HHA S ENEIRNEES - HAf aviRE S diptpraER - SRk g sy - W —
SEBEEYH T -

Morphology and anatomy of leaf of a bromeliad is shown. The leaf was cut at the base of
the tank region, sealed, and immersed in aqueous solution of a fluorescent dye, for 2 h.
Cross-sections were made from the blade (Fig. R) and tank (Fig. S) before and after
staining, respectively. Red line indicates pathway for water between vein and trichome
(tri).

REUR T BRLE R PRI - BRI KELEEEES VT - FEU T VER -
EZ A EEHCARINZKER R 2/ N« fEZYE 2 Il Z %57 BlfeEE ) (blade)l& (Fig.C)
FI"KEL"& (Fig.D) BRIV R o LT RENMIEAREE < FAVAOREIEE AR (tri) -

P

@ Blade Tank

https://2018.iboexams.org/exam/677f97414115ed2820f2da71/results 68/104



2018/7/20 Joda 2.0 - IBO 2018
Indicate if each of the following statement is true or false.

fe Ty ERILE $ e -

TRUE FALSE
# it

“a” in Figure R denotes aerenchyma

& 1C 1y "2 i R AH 4%

“b” in Figure S denotes hydrenchyma (aquatic parenchymal cells)

[ 1 DY b™ B /K AR A, (KA HEEAHAE )

The leaf anatomy suggests a C4/or CAM photosynthetic type

EHEEIS R R Ry C4 1 2(CAM S & E RIS

Red line indicates pathway for water between vein and trichome on the

upper side of leaf (adaxial)

SLERFMEEE T EREHV RSN AG Z YK BEs . (AT )
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 33  Potassium Acquisition $HfJES:

Physiological studies have been accomplished on the adaptations of bromeliad plants to
nutrient acquisition and plant utilization of potassium. The Figure shows biphasic
kinetics of potassium uptake by foliar trichomes of a tank bromeliad plant in the presence
of 0.01-90 mM substrate. Uptake rates were calculated during the first 1-2 h of the
experiment. The obtained results suggested that there were two transporter systems,
and their Michaelis—Menten constants (Km ) were calculated to be 41.3+8.7 yM and
56.5+13.7 mM.

HRHEAEHE Y S B A E R PR A ) 2 B FE MR AR BEER 5% - (8 - &R7E0.01-90 mM
EFAEZ T » AEKZ BARHEY TS IR AR R AR A 8 52 - FEEERHTRAI1-2
/NEFEARE] - SHEERAUEE o GERBURH A #2490 - HMichaelis-Menten® % (K

) BTE F41.318.7 yM#156.5£13.7 mM -

Uptake rate fEHE
(umol / h g (d. wt))

Potassium chloride Z/{E$F (mM)

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

e TSI EHERGIUE E B -

TRUE FALSE
¥ #H

The low affinity system accumulated K* slower than the high affinity
system

BRI 288 RAEK 1Y HR EL = A ] 2 4018

Km of 56.5 mM belongs to B transporter system

Km 15 56.5 mM &2 B ik %4t

Applying ATPase inhibitor compounds inhibits B transporters
FEFH AT Pase I AT 41| B2 ik 25 H

B transporters are blocked more by potassium channel blockers, as
compared to A transporters.

PEREAZE AR A AR - BAEAER 5 75 5 o0 ot 8 A B 7 e oL B

COMMENTS MAXIMUM POINTS STUDENT POINTS
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COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 34  Chlorine Uptake &/1J#EHY

bromeliad plants treated with different concentrations of chloride during 1 week.

HUF A [ER Y e B — R EARHEY) - @B R _EAYE RS B TR 2 ]

HIRE % -

Trichome number

Cl content

Trichome number
Chloride content
(umol/g FW)

Chloride concentration (uM)

The relationship between chloride supply, trichome number and chlorin uptake.

FHTRN ~ EANAE B ERTARANCZ AT

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

sata T NYIRGIUE S BEE

TRUE FALSE

3

The results suggest that chloride is only absorbed by bromeliad
trichoms.

SRR RN FERSRHEY R BARES HBIL

Induction of trichomes occurs at any increase in concentration of
exogenously applied chloride.

BUONNINERE - BEEAEEREA R

There is an exponential relationship between the chloride concentration
and absorbed chloride by leaf trichomes.

SHTRERIEE F BARAEATR U S & 2 23R EBUP R (4

Chloride is actively excluded or secreted above 40 uM concentration.
EREE 40 pM > SE i EEHEL S A

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[~ Q. 35 Plant Taxonomy )55 4EE

In a scientific excursion the students found four plant specimens that they had never
seen before. They studied the plant organs carefully and made a few sections from them
to look for the plants transport systems. The following table was completed based on
their observation.

FE— RS > BAMERE TP L mrie R RARRYVUREHEY) - At seE YR s
B WP HEEEY R - DEHAEYRVER A - PREMMAVRRGER -

plant Companion S'?IVG Slgve I Tracheid Vessel Poll

numbertg ) cell ce t)ike ce Jac el elements +3, en
At 2l D

1 + - + + + +

2 - + - + - +

3 + - + + + -

4 - + - + - -

Supposing that these plants are representatives and all possible conductive
elements were found, indicate if each of the following statement is true or false.

s HE YR EEEYERIAR - T EEAFTANEEHSTE - 5 TR
BB -
TRUE FALSE
# #H

Plant 1 has with more than two cotyledons.

FEY1 B AWl DA B2

Plant 2 has winged pollen grain and double fertilization.
Y12 BA ARG KA E 25 -

Plants 3 and 1 have smaller female gametophyte as compared to
plants 2 and 4.
BUEY)2F04HEL - HEY)3FI BAEYNIERC 148 -

Plant 3 does not belong to the flowering plants, because it does not
have pollen grain.

TEYI3 A EFATEEY) » N B AT/ -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[~ Q. 36  Plant Phylogenetics 1% 24 &% 45 &2

The plant genus Xcontains 6 species (X. messa, X. obnoxia, X. beatifica, X. confusa, X.
foetida, X. nerda). All of them share many character states that distinguish this genus
from all closely related genera. The species differ from each other, however, as
described below. All species in the sister genus, Y, are vining plants with palmately
compound, alternate leaves, sweet-smelling flowers with pink, free petals and 10
stamens, and drupes.

XEEYIH6fE ( X. messa - X. obnoxia - X. beatifica - X. confusa - X. foetida - X.
nerda ) - f{fTEFFZ L ERE - HREREIE — B LR ARG EBIEEH] - 2R - BY)
TEIZELATE - 0 NPTk - Bk Y T HIpTA YIRS BA EINEEE - BT - HiEla Rk
HAETHURAVAE - 108 LA 10(E eSS ~ AR BRIV EAEEY) -

X. messa : Plant upright, stems glabrous; leaves opposite, palmately compound;
petals purple, free; stamens 5; flowers sweet-smelling; fruit a berry
X. messa : TEFRETL > EME  FEEAE - ERETE 5 fOIPERE - 7ok 5 HESESE 5 fEE%

AR RERAER

X. obnoxia : Plant vining, stems glabrous; leaves opposite, simple; petals red, free;
stamens 10; flowers with a rotten meat smell; fruit a berry

X. obnoxia : TEYEA: - M BEEE © BHEE ORI - 0k HESE10(H  fERIER
Uk SRE AR -

X. beatifica : Plant upright, stems glabrous; leaves opposite, palmately compound;
petals pink, connate; stamens 5; flowers sweet-smelling; fruit a berry

X. beatifica : HEFREIL » T 5 EEA - FIELE © B0 4LE - &4 5 HEGS(E 5 16
BHIRAL - RERAER

X. confusa : Plant upright, stems glabrous; leaves opposite, simple; petals purple, free;
stamens 5; flowers sweet-smelling; fruit a berry
X. confusa : TERKETL » HEMEE 1 BESAE « BEEE | FEMPERCD ~ )Mk MESESIE  EEVRE

AP RE AR

X. foetida : Plant vining, stems hispid; leaves opposite, palmately compound; petals red,
free; stamens 10; flowers with a rotten meat smell; fruit a berry

X. confusa : HEY)E4: > FEMEE o A - EIELE OIS ~ 7ol HESS10(E 5 76
HIGAMN  RERIER

X. nerda : Plant upright, stems glabrous; leaves opposite, palmately compound; petals
pink, connate; stamens 4; flowers sweet-smelling; fruit a berry
X nerda : TEFREIL > EME 5 ERAE - EIELE  (CIFOALE - &40 5 IESAE 5 16F

DRIRAD - RE AR

The data matrix, in which characters are coded according to whether character states
are plesiomorphic (0) or apomorphic (1, 2) was presented in the following table. The
most parsimonious cladogram was constructed from the data matrix.

FE NRAIVEIRAERE S - A EUEIRIRR B0 HE (0) ERENTE (1,2) 2REEHS - &E
QI3 S BRI B B PR P AR Y -

Habit | Stem Leaf Leaf Petal Petal Stamen
B hairs | position | structure | Color | fusion | number
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EF Br RS e e | HESRE
BRER o=y

X. messa 1 0 1 0 2 0 1
X. 0 0 1 1 1 0 0
obnoxia
X.
beatifica 1 0 1 0 0 L L
X. 1 0 1 1 2 0 1
confusa
X. foetida 0 1 1 0 1 0 0
X. nerda 1 0 1 0 0 1 2
Outgroup

0 0 0 0 0 0 0
(Y)

£ «\eﬁ,e")

>
N

N\ o
*.

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

15 T E R R B s -
TRUE FALSE
¥ |

Fruit as a berry and leaves opposite support the monophyly of the genus

X.
RE RSERBEN A B SR X R B &

X. obnoxia, X. beatificaand X. nerda form a monophyletic group.
X. obnoxia + X. beatifica 1 X. nerda 2[5 ZEf -

Hispid stems and 4 stamens are autapomorphic (unique) for X.
foetida and X. nerda, respectively.
BEE SAAE S 7 2 X, foetida 1 X. nerda #E 1fel (&HFHY) -

Simple leaves in X. obnoxia and X. confuse appear to have evolved
independently.
X.obnoxia F1 X. confuse tf ) BEETE L 2B BAY -
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COMMENTS MAXIMUM POINTS STUDENT POINTS
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[~ Q. 37  Floral Diagrams {£=[E

The flowering plants show great diversity in their flower structure reflecting evolutionary
changes in course of time. One method to illustrate the flower morphology is the usage
of floral diagrams implementing various shapes and symbols to show the structure as
exact as possible.

FRACTEY IR CARIE T BRI RRHY 1 FéL; Jﬁt)i@?ﬁ}‘f%%ﬁﬂ’ﬂi&?f BsE - —fEERIITEIP AR
W7 A e RAESE - BCAS TR INRIRTSR - AR T Re it U Lo -

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

8 T YR ERCIE B8 -

TRUE FALSE
# 5

Diagram A can represent a basal herbaceous dicot.

AR U S E T TEEY) -

Diagram B may represent a species from the the family Orchidaceae
with 2 sterile stamens

BrgE AR B AR LM S Y ERHEY)

The most primitive flower among the illustrated diagrams in this task is

1E A TaskiT T lE T L EHEHTTERC.

Diagram D belong to a same family as C.

18] DELCER 1 | — (B -

The perianth in diagram B is composed of 3 whorls.

B EYTE & H 3w ATAH K -

COMMENTS MAXIMUM POINTS STUDENT POINTS
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COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 38 ABCE Model of Flower Development (EAVES 5 2 ABCEFE T

The diagram below illustrates the ABCE model of flower development, in which the
identity structure of floral organs of eudicots is regulated by floral homeotic genes divided
into ABCE-classes, based on function: A- and E-class genes specify sepal identity; A-,
B-, and E-class genes petal identity; B-, C-, and E-class genes stamen identity; and C-
and E-class genes carpel identity.

NERERY TIERYE E 2 ABCEMSER - H BB IHEYIHIERs BV S () » &H 7 BABCE
FARVIE R EALER (homeotic genes)FTalE - MRIFHINAE * A-FIE-JHALNPERS F 48HAL
A- > B-IIE-JEENHIE Sy © B- > C-HIE-SHANE FEHERAVRHE: © C-HE-HENER
ORI -

ABCE-class MADS domain transcription factors (MTFs) are key regulators of floral organ
development in eudicots. Aberrant expression of these genes can result in abnormal
floral traits, such as phyllody. Certain plant pathogenic bacteria could trigger phyllody in
particular species, such as Petunia, which is shown in the figures below.

ABCEMIHIMADSEE RIS 2 gk N 1 (MTF) 2 H =T HEEY) P L B3 5 KRR
T o B ENR R RIA G E KSR EHEMIR - FIAEEEEE(phyllody) » FELAE P R B ]
5 B8R E VIR S IEE - BIaIkRZ( Petunia) - AT N EIFTR ©

feE S

i

Ry

.
ot
N

A-E are parts of a control flower and F-I are parts of a bacteria-treated flower. The same parts of
the flowers are shown in B and G, C and H, D and |, and E; and J.

A-E BTG TEHIIERS - T F-| A G EPEZ L1 B fiG - CfiH "D firl, “E - LR JF
EAEHTH S

Indicate whether the following statement is true or false.

8 T EHERGIUE $ e -

TRUE FALSE
# B
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TRUE FALSE
# 7]

The bacteria caused perianth fusion of Petunia.
A S PR ZE I E i & -

The bacteria caused the expression of the protein coded by Gene E.

MBS A RERISHIE QS 2 R -

The bacteria decreased the frequency of moths landing on the flower.
U T e TEATHEE -

The bacteria treatment proved that the flower reproductive parts are
leaf modifications.

ME R E IR AT RIE B R H TR VST -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 39  Trait Variation among Vascular Plants
B IR O

During last 500 million years, a great amount of trait variation has been created in land
plants in the course of evolution. However, there are some constraints over the possible
combinations of traits which indicate evolutionary limitations and trade-offs. To
investigate trait combinations in more than 46,000 extant vascular plants, a Principal
component analysis was conducted (Diaz et al. 2016). Principal component

analysis (PCA) is a statistical procedure converts a set of observations of possibly
correlated variables into a set of values of linearly uncorrelated variables called principal
components. Figure 1-a shows distribution of investigated vascular plants (including
angiosperms, gymnosperms and pteridophytes) in a space conducted by the PCA
analysis. Each trait changes along its corresponding axis in this space. Areas with high
density of points indicate functional hotspots. There are two major hotspots
corresponding to woody and non-woody plants (LA: leaf area, SM: diaspore (fruit or
spore) mass, H: plant height, SSD: stem specific density, LMA: leaf mass per area,
Nmass: leaf nitrogen content per mass.)

FEBEHISEAET - P EAVEYIE (LR R E A T REIVREEER - 280 - o RErvR;
BeH S —LRE - SRR T TR LAY IR GIRIRE My -

Ry T B5Eia 846, 00030 4 4e'E RAEYIHV R R & > #1717 Loyt (Diaz A >
2016) - EsrotT (PCA) E—TRGEatiBAE - i nlRe R Sy — R R EER R TR
TGRS BN —4HE -

& 1-a@R 7 FE I PCASI T HET THIFEAVAEE RAEY) (AR 1EY) ~ SR EYIRIREE
1) By o BRERF R E HARMEEE - B SR FORIIRE B » BIRARIIEAR
AIEYE R EF RS (LA @ BEEfE - SM - RESJUTWESR > H - s

SSD : #ERFEHE - LMA @ B7 AR Z BEEE © Nmass * BUEAHEZSEE - )

According to result of this study, indicate each of the following statements is
true or false.

REBAWIFERIGER - a5 TR E R B s -
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TRUE FALSE
# 5

Woody plants tend to have higher Ny,ass than non-woody plants.

RAMEYIR Z BALLIEARAEYE S HY Nmass

Plants inhabiting temperate grasslands tend to place near points 4 and
5.

BRI R _EAVIEYIAR S AL AT SR AT -

Dominant plants of boreal forests are mostly to locate near point 1.

LT RRMAVESEYI AR S LTS VR AT -

Plants inhabiting tropical forests tend to have higher LMA than plants
inhabiting temperate forests.

[EEERT AT AVEYI R Z LR AR Ak P Y B Sy
LMA -

Nmass correlates with leaf lifespan negatively.
Nmass E—’i\iﬁH %ﬁi%*ﬁ%g °

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 40 Sieve-Tubes #i%

Plants conduct sugars and other substances throughout their body by means of phloem.
Phloem is a compound tissue, including different cell types (e.g. sieve-tubes elements (in
angiosperms), companion cells and parenchymal cells.). In a study, DNA genome
samples prepared from sieve-tubes and companion cells of an angiosperm and
investigated for DNA corresponding to X. Gene-specific primers were used to amplify
gene X among whole genome of cells by PCR.

TEYIRE R A A PR ERI HA)E - B RElE — TR SaHas - BAEA FEIAVAIRESR
R (PranEE e (e v+ ) o FFII e ) -

FE—IARGET (e T TEYIRETE A E IR A AL NG B i - AERTFE S RERYXHUDNA - &
HIPCR » DN E—#Y5 [T EAIREAY 2 BN AH it £ R X.

Sieve-tube Companion
element cell

Ladder

Band B

4—*—

Band A e

Note: Each band represents a uniqgue DNA molecule, asterisks denotes bands

corresponding to functional genes.
AR BERT R —EERIIDNAS T - BSiRonBlRE R B EAY R

Given the information above, indicate each of the following statements is true or
false.
FREB Bl - F5HI T HIRIAY I BE
TRUE FALSE
Ea i

Results of sieve-tube element genome analysis suggest that the plant is
heterozygote in the gene X.
B 4Rt AR A S R A I A RXE R E A&+ -

The results obtained for the sieve-tube cells can be explained by gene X
being present both in the mitochondrial and chloroplast DNA.

B AR (0% AR B BEDAXTE TE L SR AT SEAJABDNA T

Band A most likely corresponds to an organelle-related DNA sequences
in the nuclear genome.

R ATR RTRE S HEF QTR AR N H TP RIS THIE Z DNAF S -
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TRUE FALSE
¥ ]
Band B most likely corresponds to a pseudogene in nuclear genome.
frRry BIR AT BE S AR EL RIAH FR AR (B) A -
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0

ECOLOGY AND EVOLUTION A:FeEiljE L

PN
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Evolution of sexual traits such as horn size, tail feathers and extreme coloration can be
determined by sexual selection theory. According to the sexual selection theory male
with such attributes gain an advantage over other males to acquire mate. Two processes
have been proposed to account for exaggerated traits as the result of sexual selection

Joda 2.0 - IBO 2018

Q. 41 Evolution of Sexual Traits Wi MEEE I E (L

(figure below).

RV - BASS R BV EEAEEC_ E B RS  DUN &5 U INIE LR Ay R

e

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

Runaway selection

Survival advantage
and female choice

sV

Female choice

Time
Chase-away selection
Emergence of the male Female mating treshold
trait and female choice and male display increase
—_—
Time

Runaway selection: Imagine some males with traits (such as tail length) with the higher survival
rates than other males in same population. In this ancestral population, some females start to
prefer these males. Their offspring will inherit both of these traits (higher tail length in males and
females choice for such traits in males). This pattern generates a runaway process until the male
trait becomes so exaggerated that it becomes selected against by natural selection.

HTTHERSE - ARG RE VIS G - IR T A — Ll (e 2 s
JHIENE - A& R I8 (FHE AT R JIRIME T 4 — HZIZ O RS R T B F AL
o

Chase-away selection: A mutation in males provides them with a novel trait that becomes
sexually attractive to the females, and changes female mate choice in favour of such novel trait.
Males with this mutation can easily mate with the females, while they don’t offer any material or
genetic benefit to the females. When such choice becomes disadvantageous for the females, the
females’ threshold increases against such a trait. Males with more extreme forms trait will again
attract the females and this process will continue until natural selection selects against this
exaggerated trait.

BT RGN (R B IEIR IS © ALl A3 8 RAAA R ER ST - WEEATIEH 2 (1 N 324
B o ARG IEBLEC R BHIEN: » (HE SRR o (A A B EA - 1751
HIFF AR ELIEHTERE  [RE T, BT LU [ GG E LA [ T THEIT, TR UL A (i
LAZEHEME MR L — P IR » iR E T R—FEFEfE » KHET Bt B K EH L5 R E
A -

PRI L 1B DA 2 2 Bt

https://2018.iboexams.org/exam/677f97414115ed2820f2da71/results

85/104



2018/7/20 Joda 2.0 - IBO 2018

TRUE FALSE
¥ i

In chase away selection, female choice correlates with male attributes

that increase female fitness.

TEHHEZ RBERERT - Mt SR M MR B R b = e A i

Extreme traits will evolve in males according to the runaway selection

and will decrease male life expectancy

TEMA TR RER T » HEMERE S TRE B N g R H S

Male attributes that become extreme because of chase-away selection

will reduce male life expectancy.

IEVERF L P AR RS TR I R M58 B P e P (e M 25

Sensory bias is the primary requirement for chase-away selection to be

evolved, but is not necessary for runaway selection.

FHMOR B EEREOIAVERE 2 RE ERE" - BRI TR

W
COMMENTS MAXIMUM POINTS STUDENT POINTS
TOTAL 0
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[ Q. 42 Adaptations 7EE

Basilica of St Mark in Venice is an architectural marvel built in the 11th century CE.
When examining the architecture, it is hard to avoid the spandrels in the corners of the
ceiling, like the one in the figure (the triangular shape delineated by the dotted lines).

BEHTEERS A ARG R BN AT I HACHR SR AT IR - fEfR s SRy - BPITREEREFE KX
fethsss TPVt - WEFrr (REREE=AaF) -

Gould & Lewontin (1979) argue that these spandrels are the result of simple geometric
constraints one encounters when trying to hold a dome with column and arches. If we
were to use the tools of evolutionary biology we would at first consider the spandrels as
“adaptations” for the purpose of having the decorations, but in fact they are non-adaptive
features, and we can not count them as adaptations.

Gould & Lewontin (1979 ) 5% Ryl St 5 A E w8 F AL 1 RO T35 (R R TR A 2 5 PR A1
MEEARY o AIRFATIEE AR LA VIERAI RS iRE - —Brta ] RE et LS G 5 R
SR HAYELHE R HERE EEMIE B R o BRI RER Z 1 Rl
FERVED) -

Indicate if each of the following statements is true or false.
=Ml ES IR S
TRUE FALSE
¥ i1

If the feather characteristic of birds first evolved in dinosaurs for the
purpose of thermal regulation, that feather is similar to spandrels.
WEPIE(S A AR @) B s L R HDhsE B Ae m el - A
PR EEFRGE S -

When investigating the evolution of small regulatory RNAs (where the

phenotype is closely tied to the genotype), biologists should not

presume adaptation to avoid mistaking “spandrels” for true adaptations.

PRET/ NRNAs (st B B BLEL A A A AR RSB BRI M A3t 7)) B BT - 4

?%?f)@%&?EEQ/J\RNAsE’W?E?}E%—@@@E%%% ' BRI GBS A
K
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TRUE FALSE
# 5

Biological “spandrels” are more common in species with historically high
population size.

AEE BRI HLE AL 5L E B RIERERYIME LR R -

The evolution of big brain in humans would be a biological spandrel if its
evolutionary trajectory is constrained by developmental process in
primates.

WIS RBUN SRS  5 LR B2 IR > AR A A B R HY
AL AT DA R RS R E"

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 43  Godfrey-Smith Model (i o 2R 5 LR

Peter Godfrey-Smith (2009) describes a parameter space in which a population can
evolve using three parameters:

H: Fidelity of heredity

S: Dependence of reproductive differences on genetic differences

C: Continuity (when C is maximum, adding beneficial mutations to a genome
results in the proportional betterment of the genotype. When C is zero, the effect of each
mutation is entirely dependent on all the other loci)
We can imagine this space as cube (described by Peter Godfrey-Smith as A Darwinian
space), as seen in the figure.

Peter Godfrey-Smith (2009 ) il 7 —({ES#ZEM > PIREEEATE L iR I = (E 2%
H : B EEEE

S ANz BB EAYEN:

C :HEM (ECEAN » EREAA TN T A m S EFERANELLG] - ECRE
0 > HE 2SI E A SE 2 U AT A A AL R E )

BT DURFE (E 2= AR G 11 78 (HHPeter Godfrey-Smithffiaft Fy 2 F S 588 ) > A0l FT
7~ °

1,1,1)

(1,1,0)

(0,0,0) (1 0,0)

Indicate if each of the following statements is true or false.
e T FIRI R ¥ B -

TRUE FALSE
# #H

Accumulation of excessive mutations can result in the extinction of a
population. (0,1,1) in the Darwinian space describes this situation.

T8 B IE 2 S ] SE B BRI AR - RS (0,1,1) il 788
B e

In the absence of selection, a population of organisms resides at (1,0,0).

AR > AVIEEHFER (1,0,0) -

If your attempts at optimizing a bacteria species to consume glucose
almost always results in sub-optimized populations, you are exploring
the space close to (1,0,1).

AR E B LR T S A A BER A, LG R P AR IS B LR
B » TR R AV ZE MR R SO (1,0,1) -
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TRUE FALSE
3 i
A somatic cell in the human body can reside at (0,1,1) (Here, heredity is
defined for the human and not the cell.).
NG RRGHIRE T DIFAERY (0,1,1)  (REEE @ BEEE LA S 2L
MIF4HAtE) -
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 44  Mutation Rates

The lack of advanced molecular biology methods, such as DNA sequencing or site-
directed mutagenesis, did not stop the pioneers of evolution from asking difficult
questions concerning the fundamental aspects of biological systems. J. B. S. Haldane
attempt to calculate the mutation rate in 1930s is an illuminating example.

Rk = AIDNAM P 5E BhZE S 2 1y 7T AE Ve R o - oA TH 1E R ETE B EE
FE AR R

JBS Haldane & 5{E 1 19304E (U ARy 2 R g —(#pl ¥ -

With no direct genetic evidence, he focused on men living in London and hemophilia A,
an X-linked recessive disorder. Assuming that men with this disorder do not reproduce,
his calculations show that the mutation rate is three times the frequency of men with this
disorder in London. His estimate of mutation per generation per locus is not that different
from the more recent estimates for many genes.

H A BERIEEREE - BN AR MMy B HARIARIM AR - —REAX ML e
GEAREIELIN -

R B H R AT - M3t BT - MSSTERRRN IR R = A5 - i8]
LI (R s B BT B 5 R i 2 KA 22 -

Indicate if each of the following statements is true or false.
fE TR S B -
TRUE FALSE
3 i

The purported relationship between mutation rate and frequency of that
mutation is only limited to populations that have mutation selection
reached equilibrium.

JRSEARNT 2 ZE BHATE Z [RHI PR B (R E PR Y DR Ze BRI A IRET -

For a recessive autosomal disorder that results in sterility, one would
expect mutation rate to be equal to six times the frequency of that
disorder in a population.

N ERR A CREFTS REAY A Z2 M - vl DATHHAZE SR N IR F %R
TR 7SS o

The model assumes there is no drift.
A AERREO SHRERERS -

Linkage between a beneficial allele and hemophilia would have inflated
Haldane’s estimate of mutation rate for hemophilia.

A1 E AR RN 2 MR RHEE & 55 KHaldane ¥ i A i 2E B R 1y il
G

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 45 Language Phylogeography
h e R S P

There are two hypotheses that try to explain the origin of the Indo-European language
family.

A W {E RS FH AR A R ELTBRE 21 HHEE A

The Steppe hypothesis traces back the origin of Indo-European language to the Pontic
steppes region north of the Caspian Sea. Archaeological records provide some clues
regarding to expansion from this area about 6000 years ago, however the implied
models of such expansion remain untested. Alternatively, it has been claimed that the
languages spread from Anatolia with the development of agricultural activities about
8000 to 9500 years ago (the Anatolian hypothesis). The agricultural expansion reached

the edge of Western Europe by 5000 years ago and had run its course about 4000 years
ago.

KEF 55 (Steppe hypothesis)i s ENEEE 2yt B S 1LEHPontic KSR -

fEft T —ER&I60004F AT - 15LERE = AlRE S SRR L R HVEE R - (B2 B H PR AR
i -

FHEH > Z AN EAIRE(ES (the Anatolian hypothesis)iE 58000 = 95004F 71 - - fE-E /= %5

BINVIERE - 5 eE S e n s (E I (S M AR - FES0004F Al S h B e £ PHERHY
B4% > IMEFA0006FERTE ZRHL -

Bouckaert and his colleagues (2018) assessed the two hypotheses with Bayesian

phylogeographic approaches using vocabulary information from the ancient and
contemporary Indo-European languages.

Bouckaerts A FIIF I SEEC i HIBHIS LA 73 » Shh st A S Bk S & B e
Fa o AR S ER -

S~
(=1
(=3
(=}
(a8e s1eok) swin,

2000
\ 1000
0
= o 2%
g % g B 2 %%%3%%
z @ El g g 5%% 2%
B ER R
2 % &g E 22.2°
S =3 = ) @ WY
E - G @ ) 2w

4

o =
E [CREE 1

Maximum clade credibility tree indicating the divergence of the major Indo-European subfamilies.
The tree demonstrates the timing of the appearance of the major branches and their subsequent

variation. The area of each triangle represents the relative number of languages in each
subfamily.

=1 (Maximum clade credibility tree) B HIBEE % 7 ZE25RE 7 1EHT < 5 IS
LOFH =T 2 MIIHIRFET A R 2 T AT -

ZAPETREA - (R % EfEH a5 = T % -

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

faH MY IRGIE B
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TRUE FALSE
# #H

The result does not favor an Anatolian origin over a steppe origin.
DA E&ESRAIA SZ R A E A RE Bl (the Anatolian hypothesis)

It is unlikely that the spread of agriculture serves as the sole driver of
language expansion on the continent.

FESETEEIIIEAY - AR ATRE R IS S IR R B R ey —BREh T -

Rate of language diversification in Balto-Slavic subfamily was higher
than Germanic subfamily.

"KL R A HITHI R S A T B R R R S A B YRR bR

Drawing such trees is based on the assumption that languages does not
affect each other when they come in contact.

HETLE S RIS R R S A G BB A R TR
iR L -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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Population Growth

JEREER £

The following data were collected by a researcher over seven successive years from a

population of a fish in a pond. He calculated population growth rate (r) for each year

using this formula r=InNg.1-INN.

Note: N= the population size, K= the carrying capacity.

THEERE SR A EEER - ZEE A r=InNp-Inge S A HETRESF R
BERCERZR(r) - NRERIGEFEE - KREESREE
Year Number of Fish Population growth rate (r)
2002 2 2.77
2003 32 1.02
2004 89 -0.75
2005 42 0.39
2006 62 0.15
2007 72 -0.15
2008 62 -
Indicate if each of the following statements is true or false.
fE N YRR S e
TRUE FALSE

#f

The fish population grows exponentially as r is bigger than 1 in all

years.

S (E AR AR LR AU & - IR ERTA S T rR# R

When fecundity is less than mortality we can assume N < K, which
means that the population is growing.

BRI/ NRIETRES - T PABGEEN<K - (ACRIFEEBE AL -

The fraction of the resources that were used by the fish in each year
can be calculated by N/K.

RS FIIEL R » ST DURIFT NIRRT -

The pond carrying capacity (K) is between 62 and 72.
Z MBS R /T 62172 2 ] -

COMMENTS

MAXIMUM POINTS
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COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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[ Q. 47  Species Persistance
— (&4 A DUFAF 25 A

Zliobaité et al. (2017) point out that for a given taxon, the pattern below is usually
observed in the fossil record (red line) defined as the number of localities where a taxon
is found. They propose that this pattern is a reflection of the evolutionary process, as
shown by blue arrows representing the effects of environment and competition.

Zliobaité et al. (2017) 5t » (Lol —{E{E AR S RERAT T BT S(AL4E) - dis
AL OHEEIRAHRER - Rl R o AR AR LAV EAR. AL ARFTEE YA
MR~ BRI REIRAVIBRE - ERTEHRORIRIE N R B 5

T Environmental change E%tﬁﬁi?j&nvironmental change 5753 | Environmental change i

l competition fifi i T competition Fifi [ l competition FififiH:

Origination #&J5 Extinction 42

Time HE [

lo. of locality { I:E)ééfﬁﬁﬂ’ﬁi%’

Indicate if each of the following statements is true or false.
et T YR B B -
TRUE FALSE
£ it

According to the model the peak of a taxon’s history is only identifiable
after its extinction.

MR (EEAL » — (8 R A bR e P S e A E IR R RE (it
ﬁ o

It has been observed that when different species reach their maximum
population size in an island, competition and species richness is also at
their maximum. This is consistent with the effect of environment and
competition as shown in figure.

B FEIYIREAE R — 85 R H R AREERERT - fHEAY SR A Bt S
%m@%%ﬁ%kﬁ o 15 Bl R AT R R BRI ] 5 R S R
fEE—2HY -

The extinction of a taxon should not depend on its age.

— {7 SRR AR B R A A LR S BT A YIS R R A SR -

When a taxon is rare, its extinction is more likely to be the result of
abiotic factors

B E P REH R AR JREPIN R LB T RE RS ARG -
COMMENTS MAXIMUM POINTS STUDENT POINTS
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COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 48 Endothermy

U

Endotherm animals can only tolerate narrow range of body temperature (30 °C- 45 °C),
but their ability to generate heat internally allowed them to expand their distributions. On
the other hand, the cost to be endotherm is high because of their constant demand for
food to support the energy needed for heat production.

PeORETIRIAR R A RE R ZRAEH R 1 E](30°C £45°C) » A it M REAE G P EE A= BAAEHY
HEC AR oA EE o EERFREMN T EE, AR REYIVERER R - H
DAE B ACHERF RS

Higher

i

¥

2

o

Q

©

o]

‘.(g :\—T—l

2 ‘ Thermoneutral zonet &

«Lower critical temperaturefz {lEE 5L R &
Lower
Cooler)ii Temperature;ii /& Warmertz

According to the graph indicate if each of the following statements is true or
false.
FRIRIE - TR S B -
TRUE FALSE
¥ i

In a drastically-changing environment optimal body temperature of an
endotherm animal will be largely maintained with minor behavioral
adjustments.

TE—(EEEEE RAVEREE - —(EADREMI SRS R R 2 #E i H AT
Ry RHERT ©

When body temperature of endotherm animal starts dropping, it triggers
the increase of metabolic heat generation, independent of animal
habitat.

TEm PR AT IR - B P REM IR R LG TR SRS g
R e -

Basal metabolic rate of an endotherm animal stays constant throughout
a limited range of environmental temperatures.

PR ENPIHY BB R A — A IRA R 23R 5 T 23R E SRR

One way that some endotherm animal species tolerate extreme cold
conditions is to alter their lower critical temperature.
— PR BNV SRS ERIRAY T R R RER SR -

COMMENTS MAXIMUM POINTS STUDENT POINTS
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COMMENTS MAXIMUM POINTS STUDENT POINTS
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(o Q. 49 Dynamics of Infectious Diseases

HAYRENE

SIR model was developed by Kermack and McKendrick (1927) to explain dynamics of an
infectious diseases. In this model, there are only three subgroups in the population
including susceptible, infected, and recovered (S, |, and R respectively).

Kermack #1 McKendrick 7= F{[E A $2 ) —{ENUSIRAVEEAEAY » A2 i R AL M im B B
B o MRS BRI » —(EIER T DA M = (E R B —(E Sn A Y (8 1o AR %
RS o N LA 1 12 R 2 A2 2Rk (S, susceptible) 5 — f[5] oo B 4 A {la 5 1 67 /L2 (1,
infected) ; DAR—{EanBHEEAYEAS DLRTHE RV - EIRAECAUE R (R, recovered) -

The model assumes that everyone is born susceptible and there is no passive immunity
for the infants, everyone who recovers from the disease is immune, the probability of
getting the infection is the same for every susceptible person, and people in each group
die with their own per capita death rate (mg, m;, and mg).

In this model, if a susceptible person contacts with an infected one, infection will be
transmitted by probability of A and the rate of recovery is B.

EEEEARER > EFAHAR  BAHE R > AR R AT 5 EEESE]
g - NIt RN gHZEIYE e - SEEAM R > & EEn AMERER - mka %
7z HEF SR ELYRIHECRMEE - 12 =(#ciEf(susceptible, infected, recovered)iy3L
57 Al Bsmg, my, fl mg o TEEEBEREAI o R R A1 AT AL i
FoA > AR AE R RB -

Based on the description above, indicate true and false statements.
FRIE LA - YIRS B e -
TRUE FALSE
¥t 5

For the disease to remain in the population without adding any new
source of infection, A should be at least equal to B.

A (s B A — (R TP A (B (ERE S & A Fr I
I ANBEESMEA) > RIAZ/DEFIBEE -

The smaller the minimal infectious dose (the amount of pathogen
required to cause an infection), the higher the A is.

ERE A AA TR AN B DI - A, -

If the disease is very lethal, it is more likely for it to be self limited (the
epidemic will finish all by itself).

FLAEEA R T > % AR HTREH K -

If the infection period is longer, a higher proportion of population is
infected.

B RS - AR AR - REE R s S BRI A JZ R R RREIR
REHY -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 50  Animal Personality
B(E M

Animal personality is defined as individual differences in behavior that are

consistent across time and ecological context. One of the important drivers of personality
difference is factors that alter the value of a decision. It was hypothesized that altering
the feeding regimes of some spider species affect some aspects of their personality as
you can see in graphs below.

BEMEA E R A A FEEE AR ERT R - HE—(ERSREAT R - BIEAE IR
BREGIRRE T ARG s o (HZIRE T iR AtnvlE - WkEME 2 & iRt —20 0 #Ewmlae
ZFHR R A 2V BYIFT R

1.0
Agressiveness I
“ﬂ 0.8 —@— A. aperta
415&( : —&@— A. studiosus
\}Hﬂﬂ —&— L. hesperus
£ 06
=
8
S 04
Q.
o)
1's
0.2 -
0.0 ‘ ‘ ‘ ‘
0.33 0.5 1 2 3
Number of prey items per week 4538 {7 HE LAY
1.0
" Boldness AH&EFZEE
4&‘1{ 0.8 1 | —e— A. aperta
H'Eﬂ —&— A. studiosus
2 —a— L. hesperus
3 0.6 1
8
3
o 04 -
[
1'e
0.2 1
0.0

033 05 1 2 3

Number of prey items per week & #5HEHHY)
Estimates of repeatability of boldness and aggressiveness response of three spider species
under different feeding regimes. Error bars represent 95% confidence intervals for our
repeatability estimates (After Lichtenstein, et al. 2016).
1EET T IFETE T = TR A HEFE [ IHIE 7 B 1) FIECE [ TR A 10 05) IR AT
PEIF » ZAEFOIE R E 14710795 % 5 6=/ (Lichtenstein % » 2016 ) -

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

TRUE ¥t FALSE §&
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TRUE #t FALSE &

This study failed to demonstrate association between boldness and
aggressiveness regardless of feeding regimes. il {AgE &, =1
W Zed A RHEFEE (boldness ) fITA B& M4 (aggressiveness ) &G A
5 -

Repeatability of aggressiveness response in L. hesperus is
independent of feeding regimes.

L. hesperusiz falikiy 4 & (aggressiveness )y —24 14
(repeatability) - & SR i e %/ P28 -

Behavioral variation of each individual always decreases when
spiders suffered prolonged food restrictions.

R RN EEER R D ayis - SEERET AHVEREEH Y
FEEAL -

L. hesperus shows different repeatability in behavioral response
than two other species regarding to different feeding regime, thus
we can assume different species have different behavior over time
and contexts.L. hesperusizfaiflig - & HE BVIE IR BN -
1T R R EHT— 2L MRS L - RIECH R R Bk T W &R 25 o
5 17 R SRy — 2L MRS BT > AR AP AT LAGSA [F] By )7 -
E PRI BRI A R - AR EITRE -

COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0
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(o Q. 51  Parasitic Life Strategies
B LE SR TR

Sam is an imaginary single-celled organism. His body is covered with cilia which enable
him to move. He has two nuclei: housekeeping genes are expressed in the
macronucleus, while gene-expression tasks relevant to reproduction are undertaken by
the micronucleus. Sam divides via a process called “schizogony”, whereby nuclei
undergo multiple fission and then the cell itself divides. Sam can eat food particles and
even bacteria through his mouth, a characteristic that helps him to live freely as a
saprophyte. Sam has a monomorphic shape throughout its life cycle and experience
enlargement and division, consecutively. Sam has decided to abandon his free-living
lifestyle and transform into a merry parasite (with limited harm to the host).

Sam & —{EE FETBEANEAY) > BiS L& 7 AREER 4T - Samis A R E41
fER% - K4HAEAZ (macronucleus) /N A AZ (micronucleus) - KAHAEZ NEYRE RV EY)
TEADEEHEAEENE 2 > Bl g éizﬁauﬂiﬁl%%Eﬁﬁtlﬁﬂmﬁz#d\iﬁﬂﬁaﬁ
th o SamZ{ F %0 (schizogony)iE ([EEFE #ETT 7723 Eujﬂj A S TR 57

2L HRE AR T Z“EB”%EHY?\%F): T2 aEdfE - HILRESTTE R4S -

Sam*‘i{lé{zéi UE—TENEIRE » fEEER g A& K > MBS 3 - H—RKSamAE K
EEHHBATE  FEHCOCER —ETENTFERTHEETERIRIESE) -

Jack is also a parasite and is more aggressive (damages its host) than Sam and his
single-celled body is covered by an armor made out of protein. This protective layer is
jagged and gives Jack a rugged look. Jack also has two nuclei. He has two flagella that
allows him to move, attack, and penetrate. He is able to secrete enzymes that can
degrade many animal tissues. immature individuals of who belong to Jack species lack
traits mentioned above; they are small and proliferate rapidly. In addition, Immature
individuals of Jack needs to find host to grow and cannot live independently.

Jacktl 22y A5 > (HIZMHESam > Jack& #ffi LIS HIEE - JackZ(EA H(EHHE
VR AINEY) - SNRIERE L EERIVE T  SMNECEECAE RN - Jack A IR ACH
BEfeEh - 8~ NIZFRIRVEEE - ARSI 2 AR TR EN IaH & © £7 ﬁJack}_@TEmE{’J
RECIERS - A —EERIEEERG A —BRAVRHEL © REGVERRR R - HAAREITPER
BESE > REPERS R EA R E I L FAEA R R - fATTHRAIE -

Indicate for each statement which strategy will be more suitable for Sam
compared to Jack.
TR TAISAEA [EIAY SRS (RO, tHE R Jack - (A# ¥ SamELii & -
TRUE FALSE R
B =y

Utilizing antigen shuffling, even though it is a costly trait.
MATUR B (F R s N EAARAEDUR - DU R0 TR -
R ST T 7ATRAERE

Having a life cycle consisting of two hosts.

A7 S B E RA(E TE E

Choosing an r-selected host.
ZEErEEE(r selection)iE X5 I
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TRUE FALSE &

=y =y
Secreting Samilosporin (an antibiotic which destroys many of
bacterial species that are virulent for the host).
grib—tE A2 (Samilosporin) » EEGUAE R GHEBAE TSR E S
FHYHAMRHEAME -
Transmitting to the next generation by infecting the gametes.
BRI TH G HIEE T
COMMENTS MAXIMUM POINTS STUDENT POINTS

TOTAL 0

Assume that Sam and Jack chose a common host. Given the presence of these
two parasites together, indicate which of the following statements are True or
False.

e SamAllJackEE—(E#:% i AY1E £ - & SamflJacklir a4 EE —{EmE T 5 L > 5
IR S S

TRUE FALSE
¥ 8

Sam will probably win the competition against Jack.

SamuFE &8 i i Jack

If a lethal bacterium spread through the population of the host, Sam’s

fitness will increase.

{EanSamilJackiyiE £ R E arAYAHE RS, - SamAy B &g -

Sam'’s fitness is negatively correlated with Jack’s abundance.

SamiyiE {7 F1Jackiy & 2 3 A HRAHIR % -

Sam'’s fitness is less affected by the life-history traits of the host than

Jack’s.

MY Jacki E{F S - Samiy i 7 L & <2 15 T AW S S FT

2
COMMENTS MAXIMUM POINTS STUDENT POINTS
TOTAL 0

MAXIMUM POINTS STUDENT POINTS
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