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General instructions —fi&:it88

This exam consists of 38 questions and lasts 180 minutes.
- Cell Biology (Q1-9)
- Animal Anatomy and Physiology (Q10-19)

Plant Anatomy and Physiology (Q20-24)

- Genetics and Evolution (Q25-30)

Ecology (Q31-33)
Biosystematics (Q34-36)
Ethology (Q37-38)

ItEHE S 38 ERE » ZHEFRE 180 7738 o
- HERRAEME (Q1-9)
- BRI M EIES (QL0-19)
- EYIRS2MEERE (Q20-24)
- EESEL (Q25-30)
- ERRE (Q31-33)
- EMRHDEZ (Q34-36)
- BYTAZ (Q37-38)

1. Please remember to attach your BARCODE sticker to all pieces of paper on the answer sheet.

> w Pk

Write your answers in the separate answer sheet provided. Only answers given in the answer sheet
will be considered.

Stop answering and put down your pencil immediately when the bell rings signalling the end of the
exam.

No paper, materials or equipment should be taken out of the exam room.
AT BImA RIS R AR E S RENE—H L -
BEZEDNRBEFRENSEREAL - AERESERLNEREAETSD
EHBEL > RRETHERE > B FBLR THE -
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Cell Biology #HR 4452

Q1

The effect of knocking out specific genes in worms on apoptosis (programmed cell death) was studied.

ReTiR SRR A TR E B EZIPRUE

GENE E[Z | MANIPULATION #2#¢ | CELL DEATH #HRR%ET
ced9 knock-out ZIB& increased 110
ced4 knock-out ZIB& reduced F&1E
ced3 knock-out ZIB& reduced [&1&
egll knock-out BBk reduced [#(&
ced4 & ced9 knock-out & reduced F&{&
ced9 & ced3 knock-out ZIB& reduced &8
ced9 & egll knock-out BB increased 10

Q.11

Write the letters A-D corresponding to the genes into the correct rectangle in the
model of the control of cell death (CD) on your answer sheet.

£ T 4HMSET (CD) RN RBHERSRPIEA A-D FEEHENEE

Q1.2

Indicate whether an interaction is activating (+) or repressing (-) in the circles
above the arrows.

AR LA REFEAEFR AR (+) 30 (1)
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Q2

Hall, Rosbash and Young were awarded the 2017 Nobel Prize for their discoveries of the molecular mech-
anisms that control circadian rhythms.’ Period’ (PER) is a gene of the Drosophila that undergoes strict
circadian oscillations. Mutations to PER alter or abolish the periodicity and phase of these rhythms. An-
other gene regulating the circadian rhythmis’ clock’ (CLK). Drosophila with a certain mutation in the
CLK gene sometimes have disrupted circadian rhythms as shown in Table 1.

Hall, Rosbash & Young 5 A E H IR IEHIE YIERFER 2 FH%HIMmES 2017 FE BT »° Period” (PER) 2
BRIEEYFERFRP RIFNER > PER BERE S RIBIL EYRESN R 0 5 —E Y RrEEE

Col 1 Col 2 Col 3 Col 4
CLK +/+ 243 0

Row 1 CLK +/- 24.3 36
CLK -/- 24.2 86
CLK +/+ 24.3 1

Row 2 CLK +/- 24.8 47
CLK -/- ARR 100

Table 1. Col 1 =Condition. Col 2 = Genotype. Col 3 = Period of activity (h). Col 4 =% arrhythmic.
Row 1=12 hr light:12 hr dark. Row 2 = Constant darkness. ARR = Arrhythmic

K1 -Coll=1&% 1. Col2=EREB,;Col3= FERM (h);Col4=%E&HZELLH - Row 1
= B&LE 12:12 /\BF ; Row 2 = 7k & © ARR = #EHfifZE

Cloning revealed that these identified CLK mutant flies have a premature stop codon that truncates the
protein, making it non-functional. To determine the in vivo regulatory pattern of the PER gene, they gen-
erated transgenic Drosophila strains carrying a luciferase cDNA fused to the promoter region of the PER
gene. Then they assayed the activity of luciferase (quantified in counts/s) in Drosophila of the various CLK
genotypes. Results are shown in Figure 1. Note that the luciferase activity is proportional to the expression
of the examined gene.

BLRIE CLK RERREEDMBEREEE —RRKRIEFBEFEREETENATEEN - A1F:T PER ERE
JERERYRETZ L o MM Luciferase cDNA £ PER BB FIZS B AU EBERERRE > AU TEAZH
CLK EARREMNERERRIEPH Luciferase 5% » DNEREIREE 1 9 o FE: Luciferase JEME U E BT
FHERANRIBLEERKRZR o
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Fig.1. Axis 1 =Time (hours), white bars represent a 12 hour period of light, dark bars represent
a 12 hour period of darkness. Axis 2 = Counts per Second

18 1=0RE () ) B8HEERT 12/0ELREFE > RBHEERT 12/ FGRIEEE - ; &
2=SMERIETE -

Indicate with an X if each the following statements are true (T) or false (F).
B X7 B TYIRGR A ERE (T) 3% #55% (F)

Q.21

Behavioural effects of CLK mutation are largely due to a defect in the degradation
of circadian rhythm proteins, including PER.

CLK SREHT A ZMEARZEHIN B PER EAREYREIERE A FEARPT R

Q.2.2

The main effects of CLK mutation are fully penetrant at the molecular level.
CLK RSN EZ2EAED FERBTEINEN -

Q.23

The main effects of CLK mutation are fully penetrant at the behavioural level.
CLK REMNFBRETTABRATEINGMK -

Q.24

PER promoter activity cycled with a reduced frequency in CLK +/- flies compared
to CLK +/+ flies.
EA CLK + / + RUEABLL » 1£ CLK +/-R4EH PER BB /A 2RI IAREEIER o

Q.25

The results shown could be explained by CLK acting as a transcription factor on
PER.
ERAILIRTER CLK RI1E% PER RUEEREF o

Q.2.6

In constant dark, the circadian periodicity of wild-type Drosophila is approxi-
mately 24 hours.
EEEREF > FEREBNEREEIEIRAS 24 /o
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Q3

G protein-coupled receptors (GPCRs) interact with G proteins that subsequently affect cell function
through the generation of second messengers. Cyclic AMP (cAMP) generated by adenylyl cyclase controls
cell functions via activation of protein kinases. GPCRs may either activate or inhibit the cyclase through
the G proteins Gs and Gi, respectively. The difference between Gs and Gi resides in the o subunit, which
binds and hydrolyses GTP. The Gs protein cycle is illustrated below.

G ERMBIRAE (GPCR) B G EQMEER » BBRELFE IS EMx BARIIGE - BREEIRCEERE

£HIIR AMP (cAMP) EHUETR QMBS RIEHIMAMINEE - GPCR AJ LU R!iEIB G &EH Gs M Gi ARIEICZHINFIIR
EEE » Gs M Gi ZEMERIFEN a RETT » HAJEEGRKME GTP - Gs EFFRARIZM TR, ©

S —— &
& Y
, )@
+®

cDP ‘7@_/ GTP

P, aTp  CAMP

Fig.1

Alabis working on a pair of newly identified GPCRs, “GPCR-A” and “GPCR-B” . Each binds the same small
ligand with the same affinity but activates different G-proteins that act on adenylyl cyclase. When acti-
vated, GPCR-A causes an increase in adenylyl cyclase activity, while GPCR-B causes a decrease in adenylyl
cyclase activity. They have a cell line that expresses both GPCR-A, GPCR-B, the corresponding G-proteins,
and adenylyl cyclase. There is a basal level of adenylyl cyclase activity that produces a baseline cCAMP
concentration.

BB ERRS— IR GPCRs » “GPCR-A” # “GPCR-B” o« HEF A 3 BB FEIFRF 45 S FIE
EENECES » (EEUEARE G EANFARREEIRICE - B7E/5/C&K » GPCR-A ERN R HEAIR{CESAYEE1E
in > i GPCR-B RUBRE &R A IR {CEE B 1L RIME(R - AR A — MMM A RiE GPCR-A & GPCR-B » HABMRER
G ZEAMKREHRIRICE - WAAERREHRIRCEEERUEEERERN cCAMP -

A member of the lab studying a pathogenic bacterium has discovered that it secretes a toxin that inter-
feres with the mentioned signalling pathway. To determine how this toxin acts, she did an experiment in
which she looked at intracellular cAMP levels in untreated and toxin treated cells (the original ligand of
the receptors was not added in either of the experiments).

ZIARA—MEBIERN —BRAEE > XEZEGD W —ETELREREERENSR - ATHIZSZNM
e > tﬂ;ﬁ&?—@%ﬁﬁ  WEBRR T RCRENSREIEME TR cAMP & (EE—ERPEREGRINZEE
BYIRECAS) o
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Legend 1 Legend 2

Fig.2. Axis = cCAMP concentration (pmol/mL). Legend 1 = Toxin -. Legend 2 = Toxin +.

2 ~ Hitsh = cAMP REE (pmol/mL) o Bl5R 1 = REEFRRIE > B 2=-AF=EE ©

Indicate with an X whether each of the following mutations increase (A), not changed (B) or decrease (C)
the intracellular levels of cAMP upon ligand addition in the absence of the toxin? Remember, both GPCR-
A and GPCR-B bind the same ligand!

N—@E" X* FPATYIREEESREE T » MALRKE 120 (A), RehE (B) 2L F#E (C) BRI cAMP £ 755
7= > GPCR-A #l GPCR-B & & 1HREIAVECES !

Q.3.1 A mutation in GPCR-A that prevents G protein activation

Q.3.2 A mutation in GPCR-B that prevents G protein activation
—71&7E GPCR-B FYRE[HIE G REAMIE(L

Q.3.3 A mutation in Gs that prevents release of bound GDP
—TE7E Gs RREEI[H 145 S GDP R

Q.3.4 A mutation in Gi that prevents release of bound GDP
—TETE Gi BYRE R4S S GDP BIRERK

Q.3.5 A mutation in Gs that prevents GTP hydrolysis
—HETE Gs RUSRERIFALE GTP 7k A2

Q.3.6 A mutation in Gi that prevents GTP hydrolysis
—E7E Gi PRYSRERIPELE GTP 7Kfi#

Whatis/are the possible explanation(s) for the mechanism in which the toxin in paragraph 3 affects adeny-
lyl cyclase activity? Indicate with an X if each the following statements are true (T) or false (F)!

5 3 RPN ERGNMARX LR ERRIR(CEAEYS ? U—E X A TIIRARAER (T) 3 fER (F) !

Q.3.7 The toxin inhibits activation of Gi in response to receptor stimulation.

ZH =REZ RIS Gi #9EE -
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Q.3.8

The toxin inhibits GTP hydrolysis in Gs.
ZFRIE Gs Y GTP K& ©

Q.3.9

The toxin mimics GTP and causes persistent activation of all G proteins.

Z B EHE GTP WEKFIA G EFMFHEREL

Q.3.10

The toxin is an inhibitor of GPCR-A receptor.
ZFETE GPCR-A ZESHY—TE IS o

Q.3.11

The toxin is an activator of GPCR-B receptor.
ZEH =18 GPCR-B ZHER0E(LH
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Q4

CDK is a family of cyclin dependent kinases which drive the cell cycle. A portion of the liver was removed
in WT mice, or in livers which had a particular CDK gene knocked-out. Mice were allowed to regenerate,
then their regenerated livers were weighed, measured and stained. Individual liver cells were removed
and stained for total DNA content, or for newly synthesised DNA (Figure 1).

CDK B— SR E AR ARSI 5K - PIRESh AR - REFER (WT) /NEPEL CDK BERE PR ER—EB

DRI - NEFBELE  ARBE > AENRE - KIPFARRETREEAHEDNAZE > NE
ARSI DNASE (B 1) ©
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Wild-type CDK-/-

L0 At

0 m 1

Legend 1 Legend 2

o B Wild-type
= 5 e B coK/-
ey . .

N

34 o =

2

Axis 3

Axis 5

Axis 4

Fig.1. Axis 1 = Liver mass. Axis 2 = DNA content. Axis 3 = # of cells. Axis 4 = DNA content. Axis 5=

Newly synthesised DNA. Legend 1 =4 days. Legend 2 = 21 days (left side = wild-type, right side
= CDK-/-)

Bl #l1-FEEE - M 2-DNASE - M 3I=-# /M -WM4=-DNAZSE - B 5=FMERN
DNA ° Legend 1 =4 X ° Legend 2 =21 X (/A = 45 » /5 = CDK-/-)

Indicate with an X whether you would expect number or amount increased (A), not changed (B) or de-
creased (C) of the following structures in CDK knock-out livers versus wild-type ones.

F” X FEBRISTREARY CDKI1 ZIFRAT RS £ BT RA T OSBRI S E B E S 1810 (A) ~ ReUE (B) SR
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(C) °

Liver mass

FrhEg

Q.4.2

Hepatocyte number
T 4mAREL

Q.4.3

Average hepatocyte ploidy
AR R B EIRE

Q.4.4

Number of mitotic spindles
BN RMERRIEE

Q4.5

DNA synthesis
DNA & 5%
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Q5

One way of heat production is non-shivering thermogenesis, mediated by norepinephrine via upregula-
tion of mitochondrial uncoupling channel proteins (UCP) in brown adipose tissue (BAT). UCP increases
the H* conductance of the inner mitochondrial membrane to dissipate the mitochondrial #* gradient
and convert the energy of substrate oxidation into heat. To identify the member(s) of the UCP family re-
sponsible for the process, we carried out two experiments.

BEFEHMEAANREEEREREHAS (BAT) F > EHRIIEER LIRRIER®R  ERKRREAIEBH
@BEER (UCP) AYIEIN o UCP IEMEHARREME R FEEBIE L7 > LUBBKIGRE SR FHE > MR ESR
{ERERMERE - A THETE LB EZIBIEM UCP RIEKE » HFIETMEEER -

Figure 1. compares relative effects of acclimation to a cool environment for mice (from thermoneutrality
at 30°C to the relative cold of 18°C) on the mRNA levels of different members of the uncoupling protein
family in BAT.

1. EEETE 30°C 2rp £ R 18°C RUMEEN L IRIR - REER/NER BAT R MEHBEEARKTARNEER
HY mMRNA RIRE ©

2000+

15004 \

1000

Axis 2

500

1 UCP2

(’n_ o — %

18 24 30
Axis 1

Fig.1. Axis 1 = Acclimation temperature (°C). Axis 2 = % of 30°C level

.1 # 1=BFEE (°C) - #12=%30°C 2

In a following experiment, three transgenic mouse strains were generated, bearing a single knock out mu-
tation of either UCP1 or UPC3 and another bearing knock out mutations of both UCP1 and UCP3. We
then measured metabolic rate in warm acclimated (30°C) and cool acclimated (18°C) conditions. In each
case, besides the basal metabolic rate, we also measured metabolic rate following the injection of nore-
pinephrine (NE).

FRESRPRETMEEBERER/NEMAR > —185H UCPL BIRREE/NE » 5—7& % UCP1 Ml UCP3 £ 7IR3E

BB - RMBERE (30°0) FALSEA (18°C) SREEH TS BIME AN o RERANREN > RACIET
SIEE FIRE (NE) HE0fLH -
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Title 1 Title 2 Title 3 Title 4
Legend 1 Legend 2 Legend 1 Legend 2 Legend 1 Legend 2 Legend 1 Legend 2
30 =
. 28 24
- 20 =
g i 15 - 15 = 15 13 i o 15
- 7l5|_‘ 7l5|_‘ HH 6 H 8 7-5|_‘ I_IH
100 AL [T
- NE - NE - NE - NE - NE - NE - NE

- NE

Fig.2. Axis = Metabolic rate (mlO, - min~! - kg~1). Title 1 = Normal mice. Title 2= UCP1-knockout
mice. Title 3 = UCP3-knockout mice. Title 4 = UCP3-UCP1-double knockout mice. Legend 1 =
Warm-acclimated. Legend 2 = Cool-acclimated

20 8 = BZ (mlO, - min~t - kg~!) o Title 1 = IEE /& © Title 2 = UCP1 ZIBR/NE o Ti-
tle 3= UCP3-ZIBR/NE o Title 4 = UCP3-UCP1-#7IB%/\E ° Legend 1 = BRIEFE ° Legend 2 = /21#
FE&

Q.5.1 Estimate the increase in metabolic rate due to UCP1 dependent thermogenesis
after NE stimulation in cool-acclimated mice. (in miO,, - min~' -kg~1)
HETSER/NER NE RIE%E UCPL (kEM ENGEHAIRHHRIZM o ( mlO, -

- —1 _
min~" kg~ 1)

Q.5.2 Calculate the increase of O, consumption in a 25-gram cool-acclimated mouse
that is the result of NE stimulation but cannot be explained by UPC1 or UPC3
activity. (ml-min™")
stETE 25 mECBERE/NETE NE RIBT » BEERA UPCL 8¢ UPC3 JEMRBRENS
SHFEEAIEN (ml - min )

Indicate with an X if each the following statements are true (T) or false (F).
LUXEEBETYIRh A ERE (T) ZiiEsR (F) o

Q.5.3 UCP1 actively pumps H™ ions across the inner mitochondrial membrane.

UCP1 XSS SR F X ZFIBAAREE AR o

Q.5.4 The results from this experiment suggest that UCP1 is the most important UCP
for non-shivering thermogenesis in response to cold.
ZERVERET UCPL EEARER SHNIFEREERNREE UCPEH °

2,4-Dinitrophenol (DNP) is an organic compound historically used as a weight loss drug. DNP allows pro-
tons to leak across the mitochondrial inner membrane making ATP production less efficient.

2,4-_fHERE (DNP) BERBINBIENARICSEY) - DNP G SRE FZFIBHRIEAME » (15 ATP EENE
BEAE o

Indicate with an X if each the following statements are true (T) or false (F).
MAX SHBRA T RUM A IERE (T) sEEsR (F) ©
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Q.5.5

Patients taking DNP experience hypothermia as their cells are not able to gener-
ate energy.
ARF DNP RBERSRIBE » AAtPINAREEELRS -

Q.5.6

A paient with mild DNP overdose can be treated by glucose administration.
BEVECRARA%E DNP REIBSEMNEE ©

Q.5.7

Mitochondrial uncoupling occurs under certain physiological conditions in ani-
mals.
TR LEE BN T @ ENARRRREIIET

Q.5.8

DNP reduces the oxygen consumption of cells.
DNP BJf#RARMEAVFERE ©

Q.5.9

DNP increases the pH in the mitochondrial intermembrane space.
DNP SR FH4RAEAE R 22 R AIRY pH o
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Q6

You are studying a small protein-coding locus the sequence of which is shown below. The sequence is
shown from the 5’ transcriptional START position to the 3’
responsible for coding of two different polypeptides. Thereis a shortintron sequence which is shown with

BOLD letters here.

WIEEMR—RNEARBEREE > EFHIM TR © FIEREESERUEREREILIE - Z8088

RISMERRNZMK - FyhEEFBETHSE—EENRNSF -

5 —~CTACGTACT

10, 15 20. 25 30. 35, 40. 45 50. 55,

Q.6.1

How many nucleotides long would the final processed mRNA made from this
gene be (notincludingthe 5 cap and the 3’ polyA tail)?
ZERARKEE MRNANRERZ/VIEZERE (FE81ES5 cap M3 polyAtail) ?

Q.6.2

Indicate with an X which strand is used as a template in transcription for the
shorter polypeptide, the 5° -3’ strand orthe 3" -5’ strand (read in a left — right
direction)?

FA X STEAMRRE A A E A B EREIR U SRR AN ZREE > 5 -3 KBH3I -5 K?
(RRAEZBB T RE)

Q.6.3

What is the ratio of the numbers of amino acids in longer/shorter polypeptide
(including the amino acid built in because of the START codon)? Give your an-
swer to the nearest second decimal place!

/A %MK (B1E START BT HEMRER) PRERIEELGIAM ? & RM
BERE/NEEBETM!

Q.6.4

What is the third amino acid of the shorter polypeptide, if the Met is counted to
be the first one? Add the one-letter code of amino acid based on the codon table
in the beginning of your question sheet!

IN5R Met Wb A B —ERRER > IBSESRERNE =ZERERE AR ? B IRET
78 B E MBI EIERIN_ERERENEF S0 !

transcriptional STOP position. This part is

ATGTATTCCGATCTATACTCGATCTAGTCGCATTCCGATAAGATCGTAC 3°
3" ~GATGCATGATACATAAGGCTAGATATGAGCTAGATCAGCGTAAGGCTATTCTAGCATG- 5°
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Q.6.5 SaythattheC:Gbase pairthatisunderlinedinthe sequence above were changed
to an A:T basepair to make a mutant form of this gene. Indicate with an X which
kind of mutation would this be for the shorter polypeptide?

B LEFIIPET AR C | GiEHRERS A TREHUREZERRE
BRFT o A XFARBRENSIREMS » BN TIIEERE ?

. a frameshift mutation
. a honsense mutation
. a silent mutation

. a missense mutation
. —{ENERS TR
—EEERRE

OW>oON >
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Q7

A microbiology lab studies the microbe Thermus szegediensis, which has recently been isolated from a
thermal spring in Szeged. In a sequence of experiments (Exp), first, they grew T. szegediensis under dif-
ferent conditions to test its nutritional requirements. Conditions and results are in the table below.

BEMEYSEREEME 7 EFRBEREBAVER P 2B RAEHARIKE Thermus szegediensis © £—R7!
BE (Exp) ¥ 8% » MMEFRERG TIEE T. szegediensis LUBIEEHEBEER o BREMNESRUWTRAMS ©

Conditions & Expl | Exp2 | Exp3 | Exp 4
light ER + + - -
oxygen & + + + +
nitrogen & + + + +
phosphorus &% + + + +
thermal water salts AR FHAYEELE + + + +
glucose H&HE + - + .
trace minerals {EEYE + + + +
Growth? G REIR yes | yes | yes | yes
Table 1

The lab was further interested in finding genes from T. szegediensis that are important for the microbe to
exist at high temperatures. They isolated 6 mutants (M1-M6). Then, they performed a complementation

test between each ( “+” means growth, “- “means no growth) to see how they grow at high temperatures
(T=56°C).

ZEREENSIX T szegediensis & FEFPMNENERERRKER - FRATENAE > tPIDEET 6 &
seiEfe (M1-M6) ~ WHEEITHMEZBNERERAE (v RTER > 7 ®RNEBEER) » UTHREMES
BTEER (T=56°C) WIIBER -

M1 M2 M3 M4 M5 M6 WT
M1 - - + - + + +
M2 - - - - - -
M3 - + - - +
M4 - + + +
M5 - - +
M6 - +
WT +
Table2 % 2
Q.7.1  Which of the following best describes T. szegediensis? Indicate with an X. 5584 X

SEBA TSI & & AEHEAE T. szegediensis?
A. Photoautotroph & BE&4£Y)

B. Chemoautotroph {E22BH&4Y)

C. Photoheterotroph } & B& £

D. Chemoheterotroph {2 R&44)
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Q.7.2 Which of the following does T. szegediensis most likely use as an energy source
to produce complex organic compounds? Indicate with an X.
X ZBATIAE R T. szegediensis s PIAEFA A& HAEERIRUSHES B
ape

A. SO~

B. Light

C.H,9

D.NO;

E. H,0

F. Chlorophyll 4%
G. lactic acid ZLA&

Q.7.3 Indicate the dominant and recessive mutations with an X.
FA X EEA A BEIE T B. FRMZRE o
A. Dominant
B. Recessive

Q.7.4 From the data in Table 2, at least how many different genes can you identify as
being important for allowing T. szegediensis to exist at high temperatures?
RIFR 2 PSR » ELFZVBIARANEZEEREF#R T. szegediensis SEES R
TEE?

Q.7.5 Indicate which mutants have mutations in the same genes. Indicate with an X.
Incorrectly marked cells will incur a penalty.
FA X sEPAMPLE SR @ Rk H R E B L R AR E T - SRR BREGRINS ©




V\) 30t |IBO Chinese, Traditional (Taiwan, China) V1-21
HUNGARY 2019 Theory 1

Q8

Beadle and Tatum proposed that one gene produces one enzyme. They mutated mould and observed
that different colonies required a different supplement to their normal media to survive (Figure 1).

Beadle # Tatum R H—EEREE —TEE - IFIREME L RRIFRNREEF ZNERETHTFIENE
BEIZRERE (1) -

~ N N N

Legend 1 Legend 2 Legend 3 Legend 4 Legend 5

Fig.1. Legend 1 = Rich Medium. Legend 2 = Minimal Medium. Legend 3 = Minimal Medium
+Phenylalanine. Legend 4 =Minimal Medium + Leucine. Legend 5=Minimal Medium + Arginine

lvlegend 1=FiFEEHE clegend 2 =EFKFEEH clegend 3= EELEBEEE + AR -
Legend 4 = EAIBEEE + ZREE o Legend 5= EAIZTEE + FEH

Indicate with an X which colonies (1-8) the statements are true for based on Figure 1. Mark all other cells
with O.

&EE 1. A X EAMMERE (1-8) HRURAIER A" 0° RICAMAHTEHEMR -

Q.8.1  Which mutants have the same nutritional requirements as WT cells?
RLESEEARREA WT AR A B ERIINEETK ?

Q.8.2 Which colonies would you use to discover genes involved in the arginine synthe-
sis pathway?
TRERAPLEEZ RS HSEBRESHETHNER ?

In another experiment you take a different set of mutants and plate them as seen in Figure 2.
EE—EEERT » EEA—BTENEER » LKERE 2 FImANRERIEE o

TS

Legend 1 Legend 2

Fig.2. Legend 1 = Rich Medium. Legend 2 = Rich Medium without Arginine
2 Legend 1= EiEEHE o Legend 2= A EERABNEEEE
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Q.8.3 Which colonies (1-8) cannot produce arginine in Figure 2?
2 RPLEESE (1-8) FREELRFRRL ?

Q8.4 is concerned with a different set of arginine synthesis mutant strains. You identify 9 haploid yeast
strains with single mutations in the amino acid production pathway. You perform complementation ex-
periments, the crossing of different mutants to get a diploid progeny, and allow them to grow out in
medium deficient in your amino acid of interest. (-) in the table below indicates where no growth occurs.

Q8.4 W RARMMEEN G - (FEEHMREREERERARAEERENAE I AEERESEMK  (RETEM

B > RARREEIEUES —EEEA TR efIERERERZMAAREBIREARNERES - TX
hH () BERRBEMRER

1 2 3 a4 L [ F) B o
1 - -
2 - - - -
3 - -
a4 - - - -
L -
[ - - - -
F) - -
B - - - -
! | - -
Table1% 1

Q.8.4 Based on these results how many at least genes are involved in the arginine syn-
thesis pathway?
ENEEER > ELVFSVERSRBRESHRE?

Q.8.5 QUESTION REDACTED
IEEE B MR
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Q9

Bulbl and Bulb2 are transcription factors involved in the survival response of plants exposed to UV ra-
diation. Wild-type (wt) and homozygous mutant (Bulbl-/-) Arabidopsis plants were exposed to UV-B for
various times and their RNA extracted. RNA was dissolved in 20 ul of buffer. A 2 pl aliquot was taken from
one of the stock solutions and diluted to 1 ml. The absorbance of the solution at 260 nm was found to be
0.046.

Bulbl #1 Bulb2 RE#HAF » E UV BEHRERSEEYFEERRE - BFEE (wt) MRS FRER
(Bulbl-/-) MARITREN UV-B TARRERRE > WHHEVEFIAI RNA o i RNA AR 20ul BEE&RT > WL RH
% RNA ATREXH 2ul MAHFERE 1ml > 7 260 nm iR R N RIFRILE S 0.046 o

Q.9.1 Given that a 40 ug/ml solution of RNA gives an absorbance of 1.0 at 260 nm, cal-
culate the concentration of RNA in the stock solution in pg/ml.
4N 40pg/ ml RNA JBRTE 260 nm R RIIRLES 1.0 » sAstH i RNA SRR
RNA BRE » Bfii& pg/ mle

Q.9.2 In each experiment the scientists carried out, they are required to use 2 pg of
RNA. What volume of stock would they need to use? Give your answer in pl,
rounded to two decimal places.

MEMBREITSEBERE > IS (M 2ug BY RNA © BIthFIRZEER S DEETERY
it RNAAR ? A pl BEAEE > LHER AR NBEERAL

Q.9.3 How many experiments could the researchers conceivably carry out with the
original stock of RNA?
A ER IR LR ZERN#E RNABSRIETS VD REER ?

The RNA samples were used for measurement of bulb2 transcript levels by quantitative PCR (Figure 1A). In
a different experiment Bulbl and Bulb2 protein levels in wild-type Arabidopsis, exposed to UV-B radiation
for various times were assessed (Figure 1B).

RNA #kaig B ETTE E PCR(E 1) LURIE bulb2 B2 & - TARKNERF > b 7 HEiC UV-B #3251
FEEF N EF £ B A 7TH Bulbl A Bulb2 EREE (E2) °

A | B
£0 Il ohuvs
[[] shuv-s
8 — B
[ shuv-s 0 1 2 4 8 UV-B(h
[] 16h uv-B

Axis

—— — Bulb2

s s s | Actin

wt Bulb1-/-

Fig.1. Axis = Fold change relative to control. wt = Wild-type

1 o Axis = HHE I HIRBIEHEE o wt=FER
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Q.9.4 Build a model of UV-B response in Arabidopsis based on the available informa-

tion.

RIBFBENEN » BifThiE7 T UV-B B FEREEY o
A. Bulb1 transcription Bulbl &%

B. Bulb2 transcription Bulb2 &%

C. Bulbl translation Bulbl #:%

D. Bulb2 translation Bulb2 &2

E. Bulbl degradation Bulbl P&f#

F. Bulb2 degradation Bulb2 P&f#

G. Bulbl nuclear translocation Bulbl #%#%1iL

H. Bulb2 nuclear translocation Bulb2 #%#1i1

Uv-B

!
|

v

UV protection
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Animal Anatomy and Physiology Eh}fi# &I £ 14 IR

Q10

The graph below illustrates the pressure and volume changes during breathing.

Hgmm
cm?3
765 1
|
' A
I /
|
760 == —————————af — - — — — - = 3000
|
|
| /B
1
755 H =i N S s i s :— - XN~~~
|
~C

750 : 2500
Fig.1E 1

Identify what is represented by letters A, B and C, and the Roman numerals I. and II. Match these symbols
(A-Cand I-Il) with the descriptions below (Q.10.1-8). Every symbol matches one description only, but there
are descriptions that do not match any of those. Indicate correct answers by putting an X in the appro-
priate box on the answer sheet. Match those that do not match any symbols with the “0” column on
your answer sheet.

EORRHFEA B ﬂl CME’Z%%%&—T— LA FRRTREAS o WiELERSE (A> B> Gl 1) A Q.10.1-8
BRI o AR ’éﬂﬁlﬁsﬁ@%‘ﬁ? ﬂﬁlﬁai_ BB AR TS o EERE L TR
ERMNERPIEAX o *"’_EEH%!HA?EH HFESEELEA 07

Q.10.1 Volume changes of the intrapleural space during breathing

I IR AEAE 0 Y ZE FRI RV BR R 4

Q.10.2 Inhalation phase of breathing
PRIRIETE IR A PR ER

Q.10.3 Pressure change in the lungs during breathing
I 0% HA R B R BR 1084 E

Q.10.4 Pressure change in the left ventricle of the heart during breathing
PRIRIEE O LR O E BB EE

Q.10.5 Pressure change of the intrapleural space during breathing
P IRiE A2 R A 22 PO BR 1D YA E
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Q.10.6 Volume change of the lung during breathing
IR AR By RS TR 2 E

Q.10.7 Exhalation phase of breathing
IR i@ 2 PRI R PR EL

Q.10.8 Volume change of abdominal cavity during breathing
M IRiETZ RIS B TREE
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Q11

The pH value of the human blood is kept in a strict range, in order to maintain the vital functions of the
body. There are three main mechanisms which can help blunting acidic or alkaline shifts:

ABM&R pH EXAREZFE > SR —BENEERN - LIERKSRNEEINE - B =E T EWHI 0 LUESR
pH EIRRE :

Buffer systems, especially the bicarbonate system. B& & 4% » THEWMBEERL

Exhalation of carbon dioxide in the lungs. FfiZBMEH — & {EHKk ©

Excretion of protons and the reabsorption and production of bicarbonate-ions by the kidney.
- FIAEEE > & SBETFHEHARI SRR SRRE FRY BRI L R B o

These three regulatory systems usually operate simultaneously, compensating each other’ s malfunctions
when needed. Conditions A to F are depicted in the Figure below. —f§Ms @ EZEHDRREERFFE
6 BE—RRKRETNAE » AIHESRE > @15 pHIEE - UTEAEBRREEIERRE (A EF) » ITFEFIT ©

Axis 3
100 90 80 70 60 50 40 35 30 25 20

60 120 100 90 80 70. 60 ' 50 40
g y M T ARVAEY

48 —— ...v/ = . .!:- . C j _.. __-'.,._....
44 ~ ;_C// / Zﬁ %" o 7130

40 , '_ v \ B A".‘/ // /, g, ~

N3 A 4 e
E 28 - r/'::?" I/ : /'/ J// it D +20

24 VI E":ﬁ Legend 1 é g ok
MEkda=Zddy ™ Tt

(" s Ewai o

16 = ai — < T
1 |__. F f:‘:%‘;! —1 10
- - e P sl E "‘F'C.O (mmHg)
_...;,.--" . 2
= | 1]

700 710 720 730 740 750 760 770 7.80
Axis 1

Fig.1. Axis 1 = Arterial blood pH. Axis 2 = Arterial plasma [HCO3] (mmol/L). Axis 3 = Arterial
blood [H*] (nmol/L). Legend 1 = Normal.

1o 1=2EfKM pHo 8 2 = BIARMB PR TIREE (mmol / L) - & 3 = BHARIM TEEF
2R (nmol /L) c Legend 1=1E& °

Match the letters from the figure (from A to F) to the corresponding clinical conditions in the list below.
Note that acute implies a sudden effect, while chronic conditions last for an extended period and involve
compensatory mechanisms.
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H%IEF'E’J—T-! (e AEIF) SETFERPBIFFYILNERKIFAHEEE - TESMERHRERAZEEIERERNL
> MM B R R R I K B o

Indicate your answer by putting an X in the appropriate box on the answer sheet. Note that not all the
letters are used.

EERM L2 EMERRDE X FER > WA FEHGRE -

Q.11.1 Condition following vomiting
U la -3 SR v=phe

Q.11.2 Acute respiratory acidosis due to ineffective respiration caused by a stroke af-
fecting the brainstem
Hh R R 2R E 5 RERV RN IREM 5 | 3 ST IR REE

Q.11.3 Acute respiratory alkalosis caused by hyperventilation

BERRSIENSIETREREPS

Q.11.4 Chronic respiratory acidosis associated with asthma

SRR I IR E R RS

Q.11.5 Chronic respiratory alkalosis associated with anaemia

HE MA R MR RS
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Q12

The Hungarian Grey is a rare breed of cow which was threatened by an epidemic caused by a new bacterial
strain. An antibiotic was given to the cows to prevent infection. It has a half-life in cows of 6 hours, and at
equilibrium, 25% of the antibiotic circulates in the blood, whilst 75% is found in interstitium.

YFFRFR—BERNAT » RIERIIA—EMERRRFS | ZRITRIERE - BRIAIR TERIUTER A
ERF o WNEREQTFRFEANZFRES 6 /06 > I BEEANEDFEHE > 25%NMERTIMRFE
IR T T5%EMEPREE -

A healthy cow received a single dose of 4400 mg intravenously at 11am. At 11pm, 10 ml of blood was
withdrawn and 5 mg/I of antibiotic was present in this sample.

BEMIASFELT 11 BEBICE5 E—FIE 4400 mg ZIAER - #EE 11 &5 B 10 EA MK » 2EaP
BSER/ANER-

Q.12.1 Calculate the total blood volume of this cow in litres (L).
URAAAEN > FELIEEIFNMAEMmE -

Q.12.2 Certain fruits (e.g., pomegranate) can inhibit metabolic enzymes in the liver. Us-
ing the equation below, calculate the concentration of the antibiotic in blood at
5pm (N (1)) after time (¢) has passed, assuming the half-life (¢,) of the drug has
doubled due to pomegranate consumption. N, is the starting concentration.
Give your answer in milligrams/millilitres (mg/ml) to two decimal place accu-
racy.

FLkR (BINaEHE) rTLUnEIFFEPAAHEE - FRTENARER » BRREYHE
= (t,) BRGEERMINE » SHEERRE () BXB 58 (V ( )) HMEFHERD
RE o N, BlRIERE - UEZR/ZF (mg/ml) H[HEMNEER > HHEEIRA/IEL o

A t

t1 —
* log, ()

Consider the effects of a cow’ s treatment with strong oral antibiotics. Indicate with an X if each of the
following statements is true (T) or false (F).

Z AN ORMERARNMR - FAE XfSH TRt EAHER (T) SiEER (F) o

Q.12.3 The cow will eventually develop antibiotic resistance

AFEREEREREEREN

Q.12.4 The cow will have increased blood clotting times
FLAAY MR E P R & 1 0

Q.12.5 The cow will have reduced nutrient absorption

AFEERBEGHEE

Q.12.6 The cow will have elevated circulating insulin levels
AFNMRNRERSEG LA




st\) 30t IBO Chinese, Traditional (Taiwan, China) V1-30
HUNGARY 2019 Theory 1

Q13

The following graph shows how glucose handling in the kidney changes with plasma concentration.
TERET T BENFEELRAESEERE RN S EIERE

900 -
800
700 A
600
500 B

400

Axis 2

300 - c

D
200 - ?/\

100 -

0 T T T T

1 1 1 T
0 100 200 300 400 500 600 700 800
Axis 1

Fig.1. Axis 1 = Plasma glucose concentration (mg/100 ml). Axis 2 = Glucose filtered load,
reabsorption or excretion (mg/min).

lo#h1=MBAEERE (mg/100ml) - # 2 =FHEHRBEETE > BRIEEHE (mg

/ min) ©

Q.13.1 Indicate with an X on your answer sheet if the following statement is true (T) or
false (F).
EERSH LB X R A IERE (T) 3EE:2 (F) ©
Glucose is freely filtered in glomeruli.

BAEEER/KTERBIE

Match the letters from the figure (A-D) to the correct parameter in the list below. Indicate your answer by
putting an X in the appropriate box on the answer sheet.

REFHFE (AZID) BTIIRPHVIERSHRY > FEEEMENERERPELX

Q.13.2 Glucose excreted EEEHEHAESM

Q.13.3 Glucose filtered BEFEHRIAE

Q.13.4 Glucose reabsorbed & & ¥EERUL

Q.13.5 Normal levels IEEKFE

Q.13.6 What is the maximum rate of glucose reuptake? Round your answer to the near-
est hundred and give your answer in milligram/minute (mg/min).
BEEBBI (re-uptake) MR ARERE S/ ? UZR/7E (mg/min) BEf > &
ERMERA R
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Q14

Answer the question using the letters from the figure.
ERERHF BRI ZEMEE

Legend 1

Legend 2

D

Legend 3

P = lLegend 4

Q = Legend5

Fig.1. Legend 1 = Liver. Legend 2 = Gallbladder. Legend 3 = Kidney. Legend 4 = All of the above.
Legend 5 = None of the above

1olegend 1 = fFi# > Legend 2 = fE % > Legend 3 = B > Legend 4 = L L2 » Legend
5= &I

Match the following statements with the letters in the figure above (A-E and P-Q). You may need to use the
same letter more than once.

AR TR E FERNFE (AZIEF PRI Q) ¥ - FEAREHRARL—R -

Q.14.1 Blood enters this vessel from the right ventricle
MERREOEEAZNE

Q.14.2 The blood carried in the vessel will drain into the left atrium of the heart
MEPEFN MR RACE A DR

Q.14.3 Carries urine
BERR




=%5 20 1BO Chinese, Traditional (Taiwan, China)
HUNGARY 2019

V1-33
Theory 1

Q.14.4 Contains digestive enzymes
2R HIEEE

Q.14.5 Contains steroid salts
SEHERRES
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Q15

There are four different types of hypersensitivity reactions in the human body as it can be seen in the list
below.

EABRRRZAPEENEREEEBHRIE (hypersensitivity) » TITFEAIFIRAFIR ©
TYPE I: §—&!

Fast response which occurs in minutes, rather than multiple hours or days. Free antigens cross link
the IgE on mast cells and basophils which causes a release of vasoactive biomolecules.

RERIE: ZHIMERE > ZRENEDER > ROETRNEFHEXETSHERE - TEREAFRETUR
BB AARREADRE MM ARRE _ERY IgE 55 » SRR AEEE D FROREMR

TYPEII: =8

IgG or IgM antibody binds to cellular antigen, leading to complement activation and cell lysis. 1gG

can also mediate Antibody Dependent Cell Cytotoxicity (ADCC) with cytotoxic T cells, natural killer
cells, macrophages and neutrophils.

IgG X IgM s EMRMRMRAS S - ERERSEUEMAMAERAR - 1gG BRI MRS T 4iE - BRARTF
ABRE - EMEMRRAIPE P IXE 2 BHREZMARSE (ADCC) B -

TYPEIII: H=%!

Antigen-antibody complexes are deposited in tissues. Complement activation provides inflamma-
tory mediators and recruits neutrophils. Enzymes released from neutrophils damage tissue.

?ﬁ)ﬁ;ﬁﬁ%@é%iﬁﬁﬁﬁﬁ%ﬂféﬁ%qﬂ o FERAUE R MK RIEE FREEEPEIK > EREIKFIERVEE
SIS EHEM -

TYPE IV: 543!

Cell-mediated reactions are initiated by T-lymphocytes and mediated by effector T-cells and
macrophages. This response involves the interaction of antigens with the surface of lymphocytes.

MMEEN R FER T MBI - R T M (effectorT-cell) MMEMEARIIEST - ZRES RUR
BB RERIAEEIER o

Match each of the following conditions (Q.15.1-6) with one of the hypersensitivities described above. In-
dicate your answer by putting an X in the appropriate box on the answer sheet.

g LR E R —EIREUR R - IMALITREd 2 BR&ENR (Q.15.1-6) » EEFREM LIEMNBRBPIEAX

Q.15.1 The type of reaction that occurs during a mismatched blood transfusion.
B2 A R £ R ESREY -

Q.15.2 This reaction occurs when one is exposed to poison ivy, which produces a toxin
that binds to human proteins causing them to become self-antigens.
FRIGELHERNRGEEZEER  E—AARENSHRRARIERLEERRE
ERefIRASBRNE

Q.15.3 Dermatologists make use of this reaction to identify specific allergens found in
food to which patients are sensitive.

BEMBENRERERERETEEH BB EBHER
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Q.15.4 This type of reaction occurs after certain pathogenic bacteria entering the body
are destroyed by the immune system, but some of their macromolecules stay
intact afterwards.

ERAMNRKEELEERERHFREAARE  BREBARER > BHP—LEX
DFREGTE -

Q.15.5 Thistype of reaction cannot be transferred from one patient to another by serum.
EREMNRETEEAMBER —AREERIS—ESRE -

Q.15.6 Hay fever is an example of this condition.

TEMEREREBRI—EFF
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Q16

The Hungarian biophysicist, Gyorgy Békésy was awarded the 1961 Nobel Prize for his research on the func-
tion of the mammalian cochlea. He showed that each frequency of sound causes a specific part of the basi-
lar membrane to vibrate the most. This point is determined by the resonant properties of the membrane,
with narrower parts vibrating more at higher frequencies.

YRR EPIRE R Gyorgy Békésy RE B I BY EMRINAERA ST MRS 1961 58 AMiE - thRABIZH
BEAXFEEREEENFEDDEZRARE - E—MAREENHERFERE » BEERENBIER
AR TIR#ES o

Neurons sense this vibration and encode the sound with two different mechanisms:
AR ST R FN S B R ED I F R AE A B B0 6l B 22 S 1 TARES

1. Place code: Each neuron connects to the membrane in one place and signals the presence of the
narrow frequency band that causes maximal vibration in that part of the membrane. (UE 5k : &
EfE T g EAIERE NRERE - 2B HIREZ LA > SIEREERR AR -

2. Periodicity code: If the frequency is below 4 kHz, the timing of action potentials in the cochlear
nerve is synchronised with individual cycles of the stimulus (this is called phase-locking). EH 4
BS @ MRIARER 4 kHz > BIERMEPEFE MR MEASERIBNZERBERY (EBAEUHEER
&) o

The intensities of audible sounds are expressed in decibel sound pressure level (dB SPL).
EEERCEBEBEMNSE (dBSPL) FRime

Pressure of sound in Pa

dB SPL =20 log ,

2-10-°
. Legend 2
130 |--1---T¢ L] [120 N /
120 =
~_L11
100
80
~
K] d
g 60 <
50 [--{---4{--F
\\
40 N
/>\
20 — N /1
Legend 1 N L
5 L1 N O
L] | T~
20 100 1000 10000
Axis 1

Fig.1. Axis 1 =Frequency (Hz). Axis 2 = Intensity (dB). Legend 1 = Threshold of audibility. Legend
2 =Threshold of pain

Bl 1o8 1=38F (Hz) o8 2=38E (dB) o Legend 1 = FJEEER{E - Legend 2 = KEM A
&

Based on the information above, indicate with an X if each of the following statements is true (T) or false
(F).
R EPrIR M 2 B RN - FIA XL U TR FEIAER (T) EER (F) o
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Q.16.1

Sounds detected by hair cells towards the narrowest part of the cochlea are
coded in a phase-locked manner.
E4RRERRR BRI RS PTRIEI AV ER S LSHAR 75 UARDS ©

Q.16.2

For sounds detected near the base of the membrane, the number of fibres firing
is proportional to the amplitude of the displacement of the basilar membrane.
HREEEBERIMTEANZINEETMS > FraCRMEME 2 B ERERIS
WEERCELA] o

Q.16.3

What is the absolute refractory period of fibres in the cochlear nerve? Give your
answer in milliseconds (ms) in the appropriate box on the answer sheet.

Hif Qg En TREIAR S LV ? UZW (ms) AE( > BERERETETES
Fo

Q.16.4

At 50 Hz, how many times is the pressure of the sound that is painful greater than
that of the sound that is just audible? Give your answer in the appropriate box
on the answer sheet.

£ 50 FHZ45F » ERRENESMENZNEBHE S MEREIF IR RAE S FER
ZHEBH? AEEESLNREEE -
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Q17

The impact of feeding on the central circadian clock of the brain, and the peripheral clocks of other cells
was assessed. Mice were either fed only from 6.00-18.00 (daytime feeding) or only from 18.00-6.00 (night
time feeding). The amount of Perl and Per2 protein in liver is shown. The central brain clock was stained
with labelled DNA complementary to the perl or per2 sequences.

FEF I EERFEHAMPREEREN AN E - KABEERENEMERNRE - NEEETE 6.00-

18.00 fRE (B RERE ) BE7E 18.00-6.00 fRE (RMEERE) ° TEIFET 7 AT Perl A Per2 m{EAE B ERY
KIFE - PIRAMFEZ R perl 5 per2 Y E#HRIIREC DNA KRR E o

Legend 1 Legend 2
legend3 6 10 14 18 22 2 6 10 14 18 22 2
Perl - . —
Per2 . e - e
Per1 per2
Legend 1
N w - R “ - -
S 8, % -?
5. ,  Legend?2
\ < & _// u “ » o L] - -

legend3 6 10 14 18 22 2 6 10 14 18 22 2

Fig.1. Legend 1=Nighttime feeding. Legend 2 = Daytime feeding. Legend 3 =Time of the day (h)

1o Legend 1=RKMEERE ° Legend 2= AXERE © Legend 3= —XKAHIEKR (h)

For the following three questions, indicate your answer by putting an Xin the appropriate cells of the table
on the answer sheet.

HELUT=ERE > FREREZERERRPELX -

Q.17.1 How many hours has peripheral circadian rhythm shifted by following a change
in feeding time?

BEERRENNE - BEEERESRHEBEH TS INE?

Q.17.2 How many hours has central circadian rhythm shifted by following a change in
feeding time?
MEERBREMNE  PREIEFESESRMERH TS /NE?

Q.17.3 How many hours do central Perl peaks precede peripheral peaks during night
feeding?
ERFEEREHRE > PRRAMT Perl ZRAERFIE Perl RAEAIEIGINS L/ NE ?
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Q.17.4 What time would you expect peripheral Perl peaks to occur if animals were fed
between 14.00-2.00? Indicate your answer by putting an Xin the appropriate box
on the answer sheet.

WMREMTE 14.00-2.00 ZFEERE > (RETEHAEIE Perl RARIREW IR ? BT
EESLERBGAREX o

A. 06

B. 10

C.14

D. 18

E.22

F. 02
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Q18

Thyroid hormones (T3 and T4) regulate metabolism. Their release is controlled as shown in the figure. T4
can be metabolised to T3 in tissues.

FiRBREIER (T3 70 T4) REMERASE - EFAIRRRIRRBRZ AR » T4 AJEBABPAHAB T3 -

Legend 1

/"‘TRHA

B a /'l'TSH

)
+ T4 /
_ //+T3 |I

Legend 4
T3

Fig.1. Legend 1 = Hypothalamus. Legend 2 = Anterior Pituitary. Legend 3 = Thyroid. Legend 4
= Peripheral body / blood. TRH = Thyrotropin-releasing hormone. TSH = Thyroid-stimulating
hormone.

lolegend 1 =T olegend 2 = [EERRAIEE © Legend 3 = BAKER o Legend 4 = BiEH
B8/ o

Which hormone’ s levels would you expect to be increased in patients with the following conditions rel-
ative to healthy individuals? Indicate your answer by putting an X in the appropriate box on the answer
sheet.

BHRNEEERE > REARETISBERNEERANRTABLENRE?  FEETRE LNERERRDEH
AXe

Q.18.1 A patient with Hashimoto thyroiditis that causes the gradual immune destruc-
tion of thyroid tissue.
BEBEBFARIEX (Hashimoto thyroiditis) WEE » RRRAAKFENRFRIFASBD
AR o

Q.18.2 Apatientwith Graves’ disease, where the body produces antibodies against the
TSH receptor (TSHR) that stimulate its activation.
BEIREXRYE (Graves' disease) WEE » BEZESLI TSHZE (TSHR) B
B o
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Q.18.3 A patient abusing medication, taking T4 supplement pills hoping it would help
them with weight loss.

—REREYNEE > IRA T4 HRA > FEABIRME -

Q.18.4 Patient with a very rare TSH-secreting anterior pituitary tumour.
BHEIFBERNDW TSH ZIEERREREENEE -

Q.18.5 Patient with thyroid hormone resistance, a mutation of the thyroid hormone re-
ceptor.

BERFIRBRRET > BRRRBHRZIEREFTER
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Q19

Thyroid hormones play a crucial role in metabolism and the cardiovascular system. Too much or too lit-
tle thyroid hormone can result in insufficient blood flow to the heart. Insufficient blood flow generates
reactive oxygen species (ROS) which damage the heart further.

FARBREEFRAHNOMERRPINEREEENAR - FRIRHRESHE VHFEHREOIMRAE © M
BBETEEEL TS (ROS) » E—FEE M °

Methimazole prevents the production of thyroid hormones, whilst T4 is a thyroid hormone. Either was
given to rats, and the expression of antioxidant enzymes in the heart was measured (Figure).

FRERIRL AT ARG LE FRARBR RIS » T T4 BIRE R —ERIKRE - DR TRMOME T4 KR » A&
e tismRE (B) -

o SOD1 == CTL N SOD2
104 = MMZ 1
T4

o © _
: E — vt
0.1 0.1
(c) GPX1 () GPX3
10 1
wvi —|— I v -1
= ! = ! o
£ 2R Z I
0.1 0.1
® Catalase
1045
n #$
2 —
3 = YL

0.1

Fig.1. Axis = Fold change (Logarithmic scale). CTL = Untreated Control group. MMZ = Treated
with Methimazole. T4 = Treated with thyroxine. SOD = Superoxide dismutase. GPX = Glu-
tathione peroxidase.

Blolof=HME (HH CTL= FRARNHYBMA - MMZ = 2T RHIKWERE - T4= 18
T R IR R IR

Assess how the following variables change under the conditions described below using the symbols (A-C).
Indicate your answer by putting an X in the appropriate box on the answer sheet.
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A=increase &0
B =no change &1t

C = decrease &/

Q.19.1 The expression of catalase enzyme on a thyroxine supplemented diet.

IR ERBRCRERE -

Q.19.2 Severity of ROS damage in patients treated with thyroid stimulating hormone.
BT HRARBERIMEREBE ROS IBENREERE o

Q.19.3 SOD1 expression of thyrotropin releasing hormone treated rats.

e RARBH R R TR AR SOD1 BIKRIR -

Q.19.4 Risk of heart failure in patients with Graves’ disease, an autoimmune disease re-
sultingin hyperthyroidism, treated with methimazole, as compared to untreated
patients.

Graves JER—BHIEREER * SEBREERRREE » EERTRROLERE
BOERIBZ EE

Q.19.5 Core temperature of animals on the T4 supplemented diet.
MR TAHBMNZREZE o
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Plant Anatomy and Physiology {512 f1 £ 185

Q20

Two families of transcription factors, GNC and GLK, have been implicated in regulating chloroplast devel-
opment. The promoters which these transcription factors bind to were identified. These promoters were
grouped according to whether the genes were upregulated, or downregulated when these transcription
factors were overexpressed (colour of bar). The percentage of these promoters which contained certain
hexamer or octamer sequences was plotted (height of bar). The asterisks indicate significant difference
compared to the control.

TEELREBNRETD - AWEFERETF GNC M GLK » thXE S mar SR FFEERE)F © W1E 1 Fim
BEMEBFUKEEBRREFRIBERERER - HENESSRIERENGFEMOE (B 1 FHREER) , M
BRENBREL/\BEEEFTINREFORFS AL (B 1 PEGERE) - (75 L0V 2 5RRmEEHIEH
BEZHIEE -
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80 :
B legend 4 .
801 g Legend 5 7

Axis

FiEE LSS ESSSEEF

¥ r F &
v oo 0 S g

RGATATCY (3') RGATTYYY (1°and 2')

Fig.1. Axis = % of promoters. Legend 1 = Up-regulated by 35S:GNC. Legend 2 = Down-regulated
by 35S:GNC. Legend 3 = Control. Legend 4 = Up-regulated by GLK. Legend 5 = Control

Fig.l. Axis = BE)F B tE. Legend 1 = # 35S:GNC 1IE#B#%. Legend 2 = # 35S:GNC &
¥£. Legend 3 =#E#II4H. Legend 4 = # GLK IEZB#E. Legend 5 = #EII4H

Q.20.1 The frequency of each nucleotide at each position of the nucleotide sequences
which most strongly bound GNC were plotted. Deterimne the best estimate of
the hexanucleotide sequence which GNC most prefers to bind ( “consensus se-
quence” ). Write your answer in the appropriate box on the answer sheet.
TR SEZEEE GNC 277ERNUBE PG SERUNE 2 PR o it GNC &
SEEENRERY ( “HEFY” ) BEREATEELBEERF -
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1.0
0.9
0.8 C
0.7
0.6
0.5

Axis 2

0.4
0.3
0.2

G A

0.1
0.0

6

1 2 3 4

Axis 1

(¥4}

Fig.2. Axis 1 = Nucleotide position. Axis 2 = Nucleotide frequency
2~ Axis 1 = 1ZFR{I & ; Axis 2 = IZFEHBE o

Q.20.2 Determine for both GNC and GLK transcription factors whether they are repres-
sors or activators of the genes they control. Indicate your answer by putting an
Xin the appropriate box on the answer sheet for both GNC and GLK.
#JEf GNC # GLK #ixH 725 g% (R) SR (A) HERIERIES - EERE
FIFBERNERFEAN" X o
A= activator i
R=repressor

Q.20.3 Which of the high-affinity binding sites are not specifically active (i.e. do not
modulate gene expression) from those investigated above (see Figure 1)? Write
the binding site sequences in the appropriate boxes on the answer sheet for both
GNC and GLK.

ESRMERUE L > ELIEFHER (B . FERAMERARR)? TFRHE LW
BEERPIEAERUE - 25l#¥H GNCH GLK » IEABERFY -
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The effect of drought on leaf anatomy was investigated in two types of Olive: Chemlali and Meski. Data is
shown in the tables below.

BRI HMEEIERTE Chemlali #1 Meski BERBE LHNFE > TR 1AM ©

r (um)
Parameter UE SP LE TL
CULT
‘Chemlali’
WW 18.0 N 196.3 ¥ 16.5 N 30.6
uw 23.8 215.7 20.7 40.5
‘Meski’
WW 26.8 224.9 16.3 37.9
uw 201 234.8 16.4 479
Parameter LA (mm?) D(g kg?) S (mg H20 cm?)
CULT
‘Chemlali’
Www 537.2 535.0 g 24.23
uw 405.0 485.5 30.45
‘Meski’
Www 746.0 543.0 " 23.99
uw 634.7 521.7 29.44

Table 1. r = Thickness (um), UE = Upper epidermis, SP = Spongy parenchyma, LE = Lower
epidermis, TL = Trichome layer, WW = well-watered, UW = under-watered, LA = leaf area, D =
density of leaf tissue, S = succulence, CULT = Cultivar x watering regime , asterisks * indicate

significant differences

Table 1. r=EE (um), UE = E&REZ, SP = /S#4R#HM, LE= TRK, TL=EEHE, WN = T7%
K, UW =80k, LA = BBRETE, D = BEMRE, S=RE, CULT = @& X F#Kk AR, B5E * ®nE

EER

Q.21.1 Calculate

“A” and

2245 ,

|

“B” in the following table by quantifying the effect of
under-watering (UW) relative to the well-watered (WW) condition on spongy
parenchyma, as we have done for the effect on upper epidermis. Write your re-
sults as percentages in the appropriate box on the answer sheet.
RiER 1 KBz EREH
TR iEK (WW) [BRT - B4RAEmRK

stE A" M B” EERAEK (UW) 4B
BN - RS EREAZTERENEEE

g o
UE SP

Chemlali 132 “A"

Meski 75 “B”

What are the consequences of the following changes? Assign the correct physiological consequence from
the list below (A-F) to each of the anatomical changes listed (Q.21.2-7). In some of the boxes you may have
to use more than one letter. You can use the same letter more than once.

ETRFIRREZT > GELEERNER ? (T A-F NEEBREHER TIIERICUE (Q.21.2-7) HEE - £
ERENEEERLER X7, BEERF > ISR —EFE » BEFSASRKRA -

A. Increase in CO, fixation rate



=%5 20 1BO Chinese, Traditional (Taiwan, China) V2-5
HUNGARY 2019 Theory 1

in CO, fixation EfRZE L F+

B. Decrease in CO,, fixation rate

CO, EfRETPE

C. Increased transpiration rate

ERURE EFH

D. Decreased transpiration rate
HRUEE TS

E. Increased CO, conductance of leaves
BRBCO, BEELFH

F. Decreased CO, conductance of leaves
BERBCO, BIBEETRE

Q.21.2 Increased upper and lower epidermis thickness
F~ TRENEEEM

Q.21.3 Increased upper palisade thickness
i EREHMHRARSE G N

Q.21.4 Increased spongy parenchyma thickness
TSR ARAE L N

Q.21.5 Increased trichome density
EEZEIEM

Q.21.6 Increased leaf area

RER@AREM

Q.21.7 Increased succulence
BIEEAE

Q.21.8 Determine the difference in the degree of drought resistance for the two culti-
vars. Indicate your answer using the symbols, <or>or =.
A. Resistance of Chemlali
B. Resistance of Meski
LEEMERENNREEEER > FFEA” <” &7 >” 87 =7 KKRT ° ARZ Chemlali
KM S ~ B & Meski UMt 214 o
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Q22

To understand the relationship between different factors and tree height, Sequoia sempervirens, one of
the tallest known tree species was studied. Multiple physiological parameters were determined at differ-
ent heights of multiple individual trees as shown in Fig.1. A changing ratio of stable !3C / 12C isotopes in
leaf tissues, §13C , is a consequence of changing water stress (Fig.1c). For xylem pressure and 6*3C, two
sets of samples were taken: right before dawn (filled datapoints) and at midday (empty datapoints).

M7 R REEFHEA S ERRRE  UREHEAZ—BIALH (Sequoia sempervirens) 2T o ANE] 1
BRZEFESHEARASENBANKRE - ERAKPEERME BC /12C tE (X 13X) B9kE » K7D
PIRCENER (Fig.1c) o SHEAREZENM 613C NekE > EENWARE > 2RERERZA (BHFHNEOR)
FRAE (ZE0NEL) EEITER o

048 = -20
-0.6 1 | s
-0.8 -
(24
~ <
an ~1 0
= >
< 1.2 L-26 <
-1.4 | e
-1.6 -
L-30
-1.8
-2.0 -32
900 50
800 -
- 40
700 4
600 - [ 30
(98] Tp]
w9007 o
x
& 400 H20 %
300 -
- 10
200 -
100 v v T v v T v v v v T v v T v v 0
30 60 90 120 30 60 90 120

Axis 1 Axis 1

Fig.1. Axis 1 = Height above ground (m). Axis 2 = Xylem pressure (MPa). Axis 3 = Leaf mass:area
(9 - m™2). Axis 4 = Leaf 6'*C' (%o). Axis 5 =" photosynthetic rate per unit mass” Py,
(nmolCO, - g1 - s71).

Fig.l. Axis1=#1KR EABEE (m). Axis2=AKEZE S (MPa). Axis3 =B EBENERE
£ (g-m2). Axis 4= Leaf 6'3C (%0). Axis 5 = BIUEHBMNEEE P,y ,, (hnmolCO, - g~' - s71).

Pictures of leaves were taken at different heights (numbers are meters of height of sampling) as shown in
Fig.2.

TRBETHERRRNE 2 Fim - BRNBEFAREBUREANSE (M)
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NENG

75 85 95 105

Additionally, model equations were constructed to predict how different variables influence the maximum
height of trees (¥ leaf water potential; LMA Leaf Mass : Area ratio; “Maximum height” , h, in the equations,
refers to the maximum height in meters predicted by the equations, values not shown).

tesh > ERBRAANRBAFRAEHMARZERMATEZEAE (Y BERKE ; IMABTRRES | KEBEN
EfE ; ARHH” h” /RAEE  ARBRBARMBEANERSE (m) » FILRBE2RUE)

Col 1 Col 2 Col 3
Y, midday (MPa) Y = —0.00973h — 0.712 -1.9
LMA (g - m™2) LMA = 37.43 - 002551 833
§13C (%o0) 613C = 0.559 - ¢0-0229 — 31 -20
Praxm(nmol - g=t - s71) Praxm = —0.434h + 54.3 0

Table 1. Col 1 = Dependent value. Col 2 = Equation of max height (h). Col 3 = Limit value of
dependent variable.

Table 1. Col 1 = FEE#]. Col 2 = mARE (h) WAL, Col 3= FEEEBIRFIE
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Q.22.1 Select the single best statement from the options below that describes how
xylem pressure changes with increasing height. Indicate your answer by putting
an X in the appropriate box on the answer sheet.

TIEER R AE SR ABESEE MM ENA R » BEH—EREENRUL > F1E
HEZRTEERELNEEZERPL X B -

A. Xylem pressure increases with increasing height at a significantly higher rate
at night than during the day.

ANEZPERNFEERFHIEMMILM - FRENERBESIAX °

B. Xylem pressure increases with increasing height at a significantly higher rate
during the day than at night.

ANEEPERNFEERZHVENTMILM - FRARAERPBES KA o

C. Xylem pressure decreases with increasing height at a significantly higher rate
at night than during the day.

ANEBEHBEERSHEMMER - FRENERBESIAX

D. Xylem pressure decreases with increasing height at a significantly higher rate
during the day than at night.

ANEEERNFEERZEMMEEE - TRRAERPBESIKRE -

E. Xylem pressure decreases with increasing height at a rate irrespective of the
time of the day.

ANETPENFEER =G INTEE > BE—RAVRFRIRERT o

Q.22.2 Indicate the relationship between the values of xylem pressure in the following
scenarios using the symbols > or < or = in the appropriate boxes on your answer
sheet.

TEUTIEIRFR » AEHBHEZENRGRNM ? EERSE LHENZERS > " >
"I <7 B = “RERRo

A. Xylem pressure in the topmost leaves of most studied trees before dawn
BRA > TRZEFEEAT » HRIBEERNAENES

B. Xylem pressure in the topmost leaves of most studied trees at midday.

PR - ARZHERGEAT » ERIEETERNAERES

Q.22.3 Given the data above and that epiphytic saplings growing on branches at 95m
show a similar leaf structure as leaves of non-epiphytes from 2m high, select
the factor that is the most important in determining the leaf structure at a given
height. Indicate your answer by putting an X in the appropriate box on the an-
swer sheet.
4R e > £ 95 m R E A RAOMIEMEEYIRIEE - ItRENER BERET
HEE 2 m SEVIEMAE M EYNER #BERL - EEFETERERENERBER
EREERF ZERESLNEEZTERTS - U7 X7 BIEEE -

A. Light intensity

FHERE

B. Water availability

ARk E

C.813C

D. Ambient relative humidity (that of surrounding air)
BERIRERPRIBERE

E. Ambient partial pressure of carbon dioxide (that of the surrounding air)
BEREERFN Ao B

Calculate the maximum possible height predicted by each equation. Write your results, rounded to the

nearest integer, in the appropriate boxes on the answer sheet.

AR E R EFRANRAA SRS  REROELAZRBZINERN - HATHRE LHNEEERT -
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Q.224

Maximum height as predicted by ¥
BUKB Y FERIR AR =

Q.22.5

Maximum height as predicted by LMA
BLMA FERI R AR S

Q.22.6

Maximum height as predicted by §'3C
M 813C FERIRARS

Q.22.7

Maximum height as predicted by P,
L Pmax,m FEAIR AR S

Q.22.8

Based on your calculations above, state which parameter(s) is/are the most lim-
iting to tree height. Indicate your answer by putting an X in the appropriate box
on the answer sheet.

RiE FEREE » SREAWE/MELBERESHRARE - TZXELHNEESE
oo BT X BIEEER -

A. Water potential ()

KB ()

B. Leaf Mass : Area ratio (LMA)

BRES @RLLE (LMA)

C.813C

D. P,

max,m
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Statocytes are cells in the central root cap thought to be crucial in geotropism of the plant root. These
cells possess starch-filled granules, statoliths, which have a higher density than the statocyte cytoplasm so
their position in the statocyte depends on the root orientation relative to the direction of the gravitational
force it experiences.

TR (Statocytes) RUERBRREVAAM > WEBAEEDRNEMIEEZRF - BLEMRSHERHITE
#FEA (statoliths) » EFETFHMRAPNZERS » ALEMEFEMERNUERRRFAIENE DTSR o

In order to determine the role of statoliths in geotropism and their mechanism of action, Brassica napus
seeds were taken to and grown on the International Space Station. Brassica seedlings were grown either
in a centrifuge that exerts 1g force on the seedlings (fig A) or in microgravity (experiencing negligibly small
gravity, fig B). The root tissues were fixed after 40 hours of germination and the position of statoliths was
determined. Results are represented in a unified coordinate system whose origin (0;0) is the centre of the
statocyte.

ATHEETFEaERMMFTITENABRE/EREE » A M3 (Brassica napus) BFHRIEBFRRTILER o
KHENEEROHTER > ZBEORENEEN1gEN (BA) HBRMESH (BELFUZEHMEST
B) o i EEEF 40 NEFRIVNE ZIRABABETE > UIRRETEHANMUE - GRUA—ERRART > HEHK
(0;0) BUTFHEAEARL

=
=
o=}

1
60 9 @ Hg
on o '|—
E 40 £ ,u)i
o NN
20 201
10 10 .
L ]
o I
~ | ~ e %, " e
L) - | (L. e e o
é 1 é h‘&. °
ae - 3
L] L] 6.9
=10 ;.0 1 =10 . (1]
[ ] L ]
a W90
. |
-20 f | -20
- |
-20 -10 0 10 20 204060 -20 =10 0 10 20 204060
Axis 1 Axis 3 Axis 1 Axis 3

Fig.1. Axis 1 = Statocyte transverse position (um). Axis 2 = Statocyte longitudinal position (um).
Axis 3 = Count

1 o Axisl = FE ARV EERE (um) © B 2 = FEIARIMEEEERE (un) - #H3 =518 -

Each tile represents the final direction of a root tip of a seedling relative to direction of gravity (black ar-
row). Determine which of the following diagrams (A-G) depict the distribution of growing root tips in mi-
crogravity and in 1g gravitational force. There are two correct answers for both experimental conditions.
Indicate your answer by putting two Xs in the appropriate boxes in each line on the answer sheet.

20 BERGIERARKBHNENARNYERRZEESR (REFH) - BEUTHMER (A-G) #HiEHh
EMEHN TN 1 g ENFHRRERDH - WEBREGHHEMELEENESR - TEFELNHESITEST
SRIBIECHRE” X7 o
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Fig.2

Q.23.1 InlggravityE1gENT

Q.23.2 In microgravity TEMENT

Assume that statocytes are cylindrical. Statoliths can move freely across the diameter of the statocyte.
Statoliths can move 40% of the length of the statocyte. Calculate the approximate diameter and length of
a statocyte in um. Write your results in the appropriate boxes on the answer sheet.
REBETFHAMAREEETR » FHarUEREMARER EBEES - THAUEE 40% N EEAHAREE -
Mum &L > sStEFEHAMAENANETNRE - RERRTERZS LNEEERF -

Q.23.3 Diameter
BE

Q.23.4 Length
RE
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Electrophysiological measurements were carried out on bean guard cells to measure outwards K+ currents
and how they are modified by various factors. Assume that the K* currents shown here are proportional

to the net changes in the intracellular K+ concentration.

HEEEYNREARETEEESAE > LUAE K+ mINRENBEUAREMNARSER FREMAE

(RERTEULERT K + BUSNARELMARE A K + IRERBEERLIELE ©

Currents (I) across the plasma membrane at different voltages (V) were determined after each step of four

different experiments.
FHEFRERNSELSR2E > AEEFRAEE (V) T F@k (1) WER-

Experiment 1 E&—

Step 1: Incubated in washing buffer.

TR ERRERERPIEE o

Step 2: Exposed to exogenous nitric oxide (NO).
SER 2 REIMIN—FEES -

Step 3: Washed in washing buffer

TER 3 | IR ERPIRIR o

Experiment 2 BE§—

Step 1: Injected with buffer to set cytoplasmic pH to 7.4.
TR BRERESLGHARE pH BEREA T4 -

Step 2: Exposed to exogenous NO.

HER2 . REMIMIBINO F o

Step 3: Washed in washing buffer.

BB 3 | IEIRIRERERPIRLR o

Experiment 3 BE=

Step 1: Incubated in washing buffer.

SR 1 mRRERERPIEE -

Step 2: Exposed to exogenous nitric oxide (NO).

TER 2 ZRIIMIN—FCERT -

Step 3: Exposed to BAL, a reducing agent that is known to reduce disulphide bridges in proteins.
HER 3 REN BAL (—EERE - SRRV EBERNEMRELS) o

Step 4: Exposed to exogenous nitric oxide (NO).

TER 4 BRBRIIMNN—FCEF ©

Experiment 4 5

Step 1: Incubated in washing buffer.

TER 1 AR ERPIEE o

Step 2: Exposed to PAO, an oxidising agent that localises to membranes within the cell.
SER 2 REN PAO (—ERLE » HEMEARARERL)

Step 3: Washed in washing buffer containing 0.3mM BAL

HE% 3 2 H 0.3 mM BAL BYEIRABRERPITIE ©
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EXPERIMENT 1 EXPERIMENT 2

I, nA

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

EXPERIMENT 3

EXPERIMENT 4 ‘é
Step 3
Step 4 |
r 0.8,
F 0.2
o -
100 75 50 25 0 25 50 100 75 50 25 0 25 50

Fig.1 @ 1

Based on the information above, indicate with an X if each of the following statements is true (T) or false

(F).
RIBULES > BT SERULRER (T) S#ER (F) » A X85 -

Q.24.1 Guard cells treated in experiment 1 have a higher turgor and the stoma they form
is more open when treated with NO compared to before the NO treatment.
78R 1 PRENFREAREERSNEE » BE NO RIEZAIELL » A NO RIER
FRAZBEBIRFLERK ©

Q.24.2 Intracellular pH significantly influences the NO-mediated reduction of K efflux.
AR pH EERREZZRE NO AE K+ SMNRRAIRR o

Q.24.3 BAL is a hydrophilic molecule.
BAL 2#KIEDF °

Q.24.4 According to these data alone, infection of a bean leaf with a pathogen results in

stomatal closure.
ZIRIBELEEE 0 ARRRRATAER TEXRFLER -
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Genetics and Evolution iE{5 £ 81H2

Q25

A test tube contains a suspension of bacteria that were never exposed to the antibiotic kanamycin. The
bacteria were spread onto a so-called master plate, which contains nutrients for the bacteria and does
not contain kanamycin. Millions of colonies (descendants of a single founder bacterium) developed on
the master plate. Replicas (copies) of the master plate colonies were stamped - with a sterile velvet plate
- onto three replica plates that contained growth medium supplemented with kanamycin (Figure 1).

—a EFFARBERMERFTRBRNARRTR - FAREARESRTEEEE L > ZIBeE 38R
FNEBYHEBAIAEFPEE - HIEEE LELT THARERE (BEMBARNEN) - HIEEEEENE
M (ZE) AERRBAGRENIIZERMEEE L ERBMEEEASHERIEENEREEE (B

1) o
e

w

OO

Legend 1 Legend 2

Fig.1. Legend 1 = Master plate. Legend 2 = Replica plates
[E. 1008 1= BARISEE - 3RPA 2 = HRUEERE

Indicate with an X if each the following statements are true (T) or false (F).
MRUATHIRGL A ERE (T) SEER (F) > AU X&Rm o

Q.25.1 Aspontaneous frameshift mutation caused the kanamycin resistance in bacteria
which previously didn’ t contain the gene responsible for kanamycin degrada-

tion.
A EZEERELEHAR P ERBENEY > EA A B ERN IR MERE
HEER o

Q.25.2 The resistance of certain colonies is uncovered on the Replica plates.
BRIEEE FURELERZARNEN.

Q.25.3 A mutation induced by the kanamycin caused the resistance.
HEBEERFENREEINEY -

Q.25.4 The kanamycin resistance occurred first on the ‘Replica plates’ .
RRBERNEE LT BREER” Lo

Q.25.5 The best explanation is that kanamycin has a mild mutagenic effect on these
bacteria.
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Q.25.6 QUESTION REDACTED.
& B MR

Q.25.7 There were no kanamycin resistant bacteria in the tube originally.

RTEAEFRE FPMENEEEREFE ©

Q.25.8 The kanamycin resistance can spread on the Master Plate.
RHIEENEETUEBIRIZTER L -
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Q26

The pedigree shows inheritance of a trait in a model organism. The symbols are as follows: ’
circle” = healthy female; ”
square” = sterile male.

B RO MENREEY)REMERE®E o FFRIT © "EOEE" =@#FRErE; “EOER =#FEB “Rel
B =fERE “ReHE =FE5k-

" empty
empty square” = healthy male; ” black circle” = sterile female, ” black

..J\\ —I— — t —
i b1 ¥ N I \I
N \__/

) € | s W, — ) ()

- Ry ANN—
somm O SO0

(ONIL Oz
Y TTY ¢ el

Fig.1 & 1

Q.26.1 Which one of the following options explains how sterility is inherited? Indicate
your answer with an X.
;5'”3][‘—1%Eﬂb&ﬁ@%ﬂﬂﬁ%ﬁ%%ﬂ'ﬂ%%@%ﬂ?ﬁ%ﬂﬁﬁ ?7H” X RRREIE
= [e]

A. Autosomal dominant

B. Autosomal recessive

C. X-chromosome linked dominant
D. X-chromosome linked recessive
E. Mitochondrial inheritance

F. Maternal effect

FaLapEmE|tiEE

L EpEEtEE

X RmisiE It iaeE
D. X Rt peiEsHiE 4 iEE
E. fi#RBeiEE

F. BREXAFE

A.
B.
C.

The change giving rise to sterility can be explained either through loss-of-function or gain-of-function mu-
tation of the affected gene.

AEUREFTLIERR R ERRERN" RERAEE" 3 EEETRE" KERE o

Q.26.2 Indicate individuals that are certainly heterozygous assuming a loss-of function
change to the affected gene, by writing an X symbol into the appropriate empty
circles and/or squares.

ERENZEOEM/EZEOEREHIEAN” X7 f5 » i5HRRRFEERNIIAEREL
SN EREZER ST
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Q.26.3 Indicate individuals that are certainly heterozygous assuming a gain-of-function
change to the affected gene, by writing an O symbol into the appropriate empty
circles and/or squares.

ERFENZELEMNM/HELEREHEAN" 07 &R FHEIZTEEERNIIEE
RN ERRZERE T
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Q27

Lily and Jacob visit a genetic counselling office where the doctor gathers the data summarized in the table
below.

Lily 71 Jacob SAIEEEAMAE » BEWETRPEERIEIE o

Person A Bald? | Rh
Lily No | RA™"
Lily’ s mother Lily’ s &% Yes | Rh*
Lily’ sfatherLily’ s No | Rh~
Jacob Yes | Rh™
Jacob’ smotherJacob’ s&# | Yes | Rh™
Jacob’ sfather Jacob’ s R No | Rh*

Table1¥& 1

Please note the following facts:
HARUTEE !

1.

Baldness is an example of the so-called sex-influenced traits. B/B women are bald, however B/b and
b/b women are not. B/B and B/b men are bald, the b/b men are not.

Genotype of the Rh- people is r/r and that of Rh* people is R/R or R/r.

3. When the fetus of an Rh~ woman is Rh* the woman® s immune system may produce antibodies

against the Rh* fetus during a second pregnancywhich may result in the death of the fetus. This
phenomenon is known as Rh incompatibility.

The B (b) and the R (r) genes are autosome linked and are 20 cM apart.

. FIRRFBRIMRIR E1%RI6IF - B/BRI4EREFTIE EB/bMb/bXMRZE -B/BHI B/bBAERE

KIE b/bBAFRZ -
Rh-ARSEREZEZ r/r> Rh+ ARSEEEZR/RIER/re

3. B Rh-ZMHRIPERRE Rh + B » XMENRBRFAISEES —RIRFZHHEEE S Rh + BRZENES » BEAJAE

TERRIET - SRBEREA Rh FERME -
B (b) #M R (1) EEEFE—RERBRZERI A —ERHEFR 20cM -

Q.27.1 DetermineLily’ sand Jacob’ sgenotype. Indicate your answer with an Xin the

appropriate boxes.
H&7E Lily A Jacob FUERAE - TN AERR” X ARIMHEBE o

Q.27.2 Determine what percentage of their children will be bald. Give your answer as a
whole number.

HEEMPIRNERFFRIENB DL - UBHERZLREMIEE -

Q.27.3 What percentage of their bald children will be female? Give your answer as a

whole number.
MFRYSRIE/ NZH L ML B R 2V ? UBHEREI BRI EE
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Q.27.4 What percentage of their daughters may face the problem of Rh incompatibility

once they will become pregnant? Give your answer as a whole number.
— BN RIEE » tfINZRE L DB DL rIAEEER Rh FER AR ? UEE

ERMOBIRNEE ©

Q.27.5

What percentage these daughters with the potential to develop Rh incompati-
bility would also be bald?
BEFEBEREES Rh METMNL R » BZ VAP ERIE?
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Q28

The human genome is composed from about 3 - 10° base pairs. Assume that the distribution of base pairs
is random. How long should a random sequence be to appear once in the human genome, on average?

AEERBALE 3 - 107 @EHBK - RREZEERGENNDHEHERN > BBETIRREABEREPEHLR
—RNERZERFIIEZZR?

Q.28.1 Indicate your answer on the answer sheet, rounded to the nearest integer.
AEERLEAZE > NERAZIRZEEH -
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The genetic code can be used to reverse engineer the genetic information coding for peptides of a desired
amino acid sequence. Your task is to design possible nucleotide substitution mutations that change the
DNA coding for the peptide that comprises the M-A-R-C-E-L-L-A amino acid sequence to a peptide whose

amino acid sequence is M-A-R-C-E-L.

BEBBAANENESIIZREMERERFIINMRZBEEEN - (FBEFE R AIENZEERIAR
B> ZRERFEHEITAE M-A-R-C-E-L-L-A IR BRI Z FEAKE) DNA FHIcE SR B LR & M-A-R-C-E-L

HYBERR °

Q.29.1

What are the potential numbers of substitutions you would have to make to
achieve the goal set out in the question? Give your answer(s) as a number(s)
on the answer sheet.

R4 7T EREREMMERNER > WREERZVDRNAIAEIRNEE ? TEREEA
MREERIZNEF -

Q.29.2

Fill in the cells corresponding to codon 7 with the nucleotides that code for the
new M-A-R-C-E-L peptide using the minimum possible number of substitutions.
If there is more than one correct option, use only one.

TEERFIEARRER R/ NN EE ELR M-A-R-C-E-L MR Z ZEHEE LB
F o MNRE ZEEREIEIR » sFEFER—E -

Q.29.3

Circle the nucleotide base(s) that had to be changed in order to turn the original
peptide into the new one.

B R E R A - UER R S TRIRLAL
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Q30

Ec+ is an X-linked gene found in a newly discovered mammalian species. Females homozygous for the
mutant allele (Ec) have green eyes, while a single copy of Ec+ is sufficient to result in the wild-type brown
eyes.

Ec + REMBHMNMIABYYIEFMEIN" X EHEE - Ec N RE S FRERABGRRE > MABE—
Ec+# BRI SELETFERNIREIRE

Ec codes for an enzyme which catalyses the chemical reaction converting an inert substrate, commonly
found throughout the body, into molecule X which diffuses freely in the animal and can be detected in
bodily secretions. Molecule X is a very potent epigenetic regulator such that a few particles are sufficient
to induce life-long effects on the eye phenotype.

Ec RIBEYA—EEARICREHNES » KBERARSYETRESERFEINHEEEERCRADF X0 It
YVE R LR B BRI B AT I SRS D MY PRI - DF” X° B—BIFEAUERNRBEERN
EF > FItEDEFRNERUFENRBINRENEITZE -

Consider the following crossing experiments. What are the genotypes and the eye colors of the progeny
of animals that descend from the following crosses, and what are the proportions of the various descen-
dants?

ZREUTHRXER - R TIIRXEENEMERZERENREBEECHNRE > HISBEREANLEHARZ LD ?
1. Ec/Ec females and Ec+/Y males
Ec/Ec B#4F0 Ec+/Y it
2. Ec+/Ec females and Ec/Y males
Ec+/Ec BfM4#0 Ec/Y HE%E
3. Ec+/Ec females and Ec+/Y males
Ec+/Ec B#M4F0 Ec+/Y #M

Use one letter of each group [(A-C), (D-H), (K-L)] in one of the four boxes to indicate the (i) proportions, (ii)
genotype and (iii) phenotype of different groups progeny. There should be three letters in each cell that
you fill in, but note that not all cells need to be filled in. If you think a cell should remain empty, please
writean “X” init.

FEESEZ —FERSAE[ (A-C) ~ (DH) ~ (K-L) ] FE—@EFERER () BB (i) BEREM (i) R
BTFARNIMNRE - ZMERHNSEARCEPRZA=ZEFE > BFIF > LIFFMEETKRBREREAR - MRK
B TRERFAZER  FEEFRA X o

A. 25%

B. 50%

C. 100%

D. Ect+/Ec+ female
D. Ec+/Ec+ ftE
E. Ec+/Ec female
E. Ec+/Ec 4

F. Ec/Ec female
F. Ec/Ec B4

G. Ect+/Y male

G. Ec+/Y igtE

H. Ec/Y male

H. Ec/Y it
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K. brown eyed
K.t BRI

L. green eyed
L. &x e BRES
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Q31

The smallmouth bass (Micropterus dolomieu) is an introduced species in the area examined in the fol-
lowing experiment. To protect native fish species, a smallmouth bass removal program was initiated in
Little Moose Lake in 2000 (indicated by the vertical line in Fig.1). It continued until 2007. A research group
examined the effect of the removal on the smallmouth bass population. They found that while the total
biomass of the population decreased during the program, the population size increased. To determine
the cause of this phenomenon, they subdivided the population to three groups based on the size of in-
dividuals (Fig.1): yearlings (size <100 mm, Fig.1/a), juveniles (100-200 mm, Fig.1/b) and adults (>200 mm,
Fig.1/c). They collected two samples in each year (spring and fall). Their results shown in Figure 1.

FENEEHRE T — R NEREBMREE (B 1 PREELRT) - E—EREET 2007 F - —ERFT/)VEMR
RT AR NSRRI E o IR > BAZGEIRREFREYERL > EREFHEANEEM - BT
EESERKNERE » tPIRBERNA IR DA=H (E1) : —msfE (BE<100mm- [E1/a) @
F%A% (100-200mm > [E 1) ©1/b) FIAEE (>200mm > @& 1/c) o PIEFIEMERE (BEHNE) - &
RUNE 1 Frm o

(a) 1 A
500 | 7~ —
I - *\ // \\ 4 N o
. <
20 | /\‘\77{'\7 N
(b) |
160 o

Axis 2

1
T
1 ’
SOM
7| === S
:

40

KAWL G

1 &

- e T
1998 2000 2002 2004 2006

Axis 1

Fig.1. The change of the abundance of the subpopulations (y-axis) by time (x-axis). Solid lines
= spring samplings, dashed lines = fall samplings. Axis 1 = Year. Axis 2 = Catch per unit effort
(CPUE)

lo mREFRIEE (v #) MBRSE (x#) BEME - BR=-FFTEE > ER=-USHEK - @
1= - # 2 = B E{U{FXEHEE (CPUE)

Which of the following models can possibly describe how the removal of individuals affected the popula-
tion? Indicate with an X if each the following models can describe (T) or cannot describe (F) the changes.

LUF IR —{E#E 2L 5] E AT DA U O R R B RS AS PR IA R B IR B IR E 2 5BIEA” X7 5 TEBIRBRA—{EER
B IERE (T) SR (F) ©

Q.31.1 The percentage of removal was highest between adult fishes.

A ZENERERS °

Q.31.2 Thedecreasein the abundance of the adults leads to higher per capita birth rate.
PR EERNR D ERERTIIHERLH
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Q.31.3 The decrease in the abundance of the adults lowered the intraspecific competi-
tion, so more yearlings and juveniles could survive.
PRSI E RV D PRE T BRHSE - RItEZH—mA A5 MERRATUEE -

Q.31.4 The removal program was less effective at removing small fish than large fish.

Q.31.5 The ssize of breeding adults decreased over time due to this removal program.
HREREMHE » ATRERRENR T Al E R AR L
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Q32

The population dynamics of parasite species is complex, because the size of the parasite and the host
population affect each other. One of the popular models for describing parasite population size is SIR
model (Susceptible -Infected -Recovered model). The model is shown in Figure 1 with the description of
the symbols below. You can get the changes in the host type numbers by multiplying the original host
number with the factor above the arrow. For example, the number of hosts recovered in a given time is
~v-1.

HERYBNGRESEEERN > AT ERNBEEEHNAIMEERE o BRRMMET £ R/ AR
Z2—R= SIRIEE (FR - RXZ - WMEEREER) o ZERWNE 1 Fim > TESRTRRE - EHRAE EEEFUE
FE A RIREIRAIS RITE E B2 ML - HI0 > EREERBAMENEEHER VX o

(b
v \ v
o puta i

Fig. 1. The SIR model & 1 SIR 1## 7!

Symbols:

S = susceptible hosts FRXBEE

| = infected and infectious hosts RXEFEREEE

R = recovered/immune hosts th{§/%&EE

N =total host population = S+I+R 4B FEE¥ =S+ 1 +R

b = per capita birth rate {Ef&9HER

3 = transmission rate (contact rate*infectiousness) &R (IEME= * F)
p=mortality rate without disease R EEFFIFE TR

o = mortality rate due to disease HINEREHHIFETE

~ = host recovery rate from infection

ZRREENMEE

Indicate with an X if each the following statements are true (T) or false (F).
IEH TR A& & ERE (T) kEE:R (F) » BXFRm o

Q.32.1 The mortality rate of the infected hosts is higher than the others’ .
RZRABEENFETESHREMERS o

Q.32.2 The average number of offspring of surviving individuals is higher for non-
infected hosts than for infected ones.
FFRREEINEEERNEBATIIHES I RRE -
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Q.32.3 The parasite can be transmitted both vertically (from parent to offspring before
birth) and horlzontally (infection after the birth of organism).
FERAIUEE (ERXBRNFR) FKE (EFREXRE - FREAGNERZMH) 5% -

Q.32.4 Theindividuals who recovered from the disease will be immune to it for the rest
of their life.
R ERPIREARAERSEHGEFRHERE ©

Q.32.5 The number of new infections in a given time depends only on the number of
susceptible hosts and is not affected by the number of infected and recovered
hosts.

TEREREANMRRNBEEIAN ZRBEINHE - EARERRNIMERE EH
BNRE -

Q.32.6 Give the relationship between the ratio of infected (I) and the sum of suscepti-
ble (S) infected (1) individuals and the number of new infections in a given time!
Draw the curve of the equation in the coordinate system in your answer sheet
(Figure 2). The transmission rate (3) is constant.
AERZE () 815K (S) RZE (1) EfEsv4aFeI L HIBEEEE R it U ERE 2=
FNR% | EERENLRRPERECHE (B 2) - BREREHERE B) FE o

Axis

Max. <

T fs+n

0
Fig. 2. The number of new infection in a given time in as the function
of the ratio of infected hosts (I) to the sum of susceptible and infected
hosts (S+l). Max. = the maximal value of the new infections. Axis =
Number of new infections.

B2 BERBAFTRANHEARREE () E5HB MRS
FABM (S+1) ZEERIREFERA - Max. (RX) = MTRRRIRA(E © Axis ()
= MRRBHE -

Many parasites cause diseases with high mortality rate () in spite of the death of the host being evidently
disadvantageous for the parasite.

FEFERENSIETE (o) WERBEF IR CEABTESRLF o
Indicate with an X if each the following statements are true (T) or false (F).

eI R AT E A IERE (T) Si#EsR (F) » AX KRR o
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Q.32.7

Higher transmission rate (3) is advantageous for the parasite, but usually high
infectiousness means the parasite causes more harm to the host.

BeEmRx B) BFERAN > BERESERAMEKETERBEIENESS
Fo

Q.32.8

The bigger the mortality rate due to the disease, the bigger the ratio of the sus-
ceptible hosts in the population, which the parasites can infect, so the parasites
spread easier.

HIYRREMRMNETREK » FERBUTURRNEEPZ B EALLHIEX » Fit
EfIESZEHE -

Q.32.9

There may be a long incubation period after the infection, in which case the par-
asite has enough time to spread before the host die.
RABAEFERERNERE  ZERBA THFER A BHNEBEEEETHIE
% o

Q.32.10

The big mortality rate (o) doesn’ t mean problem for the parasite, if the trans-
mission rate (5) is low.
BETE (o) TARKRETLERIRE » NREHEER B) 1K -

Q.32.11

If the weakening of the host body results in a lower host recovery rate (v), that
will cause a higher mortality rate for the whole population.

HNERRRINRE ERE55CEE T MERMRE (v) » AISEERERHIETE (B) °
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Q33

The scheme below shows the model of interactions between the populations of an ecosystem. The capital
letters indicate the populations. The two-ended arrows (+—) indicate whether there are any direct inter-
actions between the two populations. The interactions can be beneficial (+), harmful (-) or neutral (0) for
each of the populations, which is indicated at the ends of the arrows.

TEHNGFRER T ERRARER ZENEEERER - ARFERTIRE - LIBAT () REAMEKERES
FREFEZNEEER - HitEEEE > HEFATURAEREN (+) » A () HPMHR (0) - HEAR
BYRImIET ©

A
AN
/1
B C < > D
+ 4 + +
_\V_— - -
L F <G

Fig. 18 1

Determine, how the change of the size of one population affects (both directly and indirectly) the size of
other populations in the ecosystem.

eE—EREENANEE (BRNERE) M EERRFEPHEMBEERAN

Indicate your answer by putting an X in the appropriate box on the answer sheet.

EEER LRERERE A X RREARIEES ©

A: Increase

1Em

B: Not change

BREZE

C: Decrease

e

D: Cannot be predicted (i.e. the change has both increasing and decreasing effect on the other population)
TRl (BNt HEMiREF ARG MR LN E)

What will be the effect of the decrease in the size of population A on the other populations listed below?

HREE A IERDH T HMERNRERM ?

Q.33.1 Population B
%E B

Q.33.2 Population D
i3]
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Q.33.3 PopulationE
B E

What will be the effect of the increase in the size of population D on the other populations listed below?
W&E% D FEIGINE T EHMRBN T ER M ?

Q.33.4 Population G
iz3Xe

Q.33.5 Population C
W%E% C

Q.33.6 Population A
iz3= N




=%5 20 1BO Chinese, Traditional (Taiwan, China)

HUNGARY 2019

V2-32
Theory 1

Biosystematics ¥R D EEE

Q34

In this task you get a few parts of a phylogenetic tree of birds and you should assemble the full tree based
on them.

TEEREPIREEIERASERGRAMIENRER  (MEEARABIREMBESHK—ETRENG

The trees given: X FHLEIRIRA BIH o

A. crecca A. cinerea
—— P. cristatus C. monedula
——— S borin T. pilaris
— 1. totanus ———— P. cristatus
——— P carbo S. borin

C. monedula ———— T pilaris
—— A. cinerea ——————— S borin
—— P. carbo —————— (. crex
—— (. crex — 1. totanus
—— L. argentatus ——— L. argentatus

Fig.1

The species you should place in the full phylogenetic tree are indicated with letters:
MEZERABELEFIRARMERIETTBRGAFREPHNERE -
A-A. cinerea

B -A. crecca

C-C. crex

D -C. monedula

E -L. argentatus

F -P. carbo

G -P. cristatus

H -S. borin

| -T. pilaris

J -T. totanus

You should find the place of the species in the tree below. Match the letter of the species (A-J) with the
roman numerals (1.-VIl.) of the places in the tree. One numeral can belong to more letters.

TEERESBIIE L > DEBEUBRERFTAR > FIFRE” AR)” A" BVIP ETERH - FER—EES
HFAUE—EN EYERCH o
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Indicate your answer by putting an X in the appropriate box on the answer sheet.
AIMEERESPHERPEA X REZRE -

IL.

II1.

II.

Iv.

VIL
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Q35

A research group collected and examined gall wasp (Cynipidae) specimens. By examining their morpho-
logical traits they found a new genus (Lithosaphonecrus) with four species (L. formosanus, L. huisuni, L.
dakengi and L. yunnani). To confirm these results, and determine their phylogenetic relationship to other
closely related gall wasp species, they compared the sequence of two DNA fragment (COI and 28S D2) of
each species. They calculated the pairwise distance (p-distance) between each species (Table 1.). The
p-distance of two species is the number of nucleotide sites at which homologous sequences of the two
species are different, divided by the total number of nucleotides compared.

E—EMEEBKRRELET THEEAE (Cynipidae) WIZX - EIRETHBEBEMMARRT —EHE
(Lithosaphonecrus) » /A & Y& # #& (L. formosanus ~ L. huisuni ~ L. dakingi £2 L. yunani) o 2 7 F:3
15 (B4 s I AR RE th P9 £ EL At R BRI RO FRAR BRI A » BRSTERXEEER T 5 —(E1ERAFERY COI B2 28S D2 A ©
st E T & LN E—EYEZ R H EER (pairwise distance) (p-distance) (Table 1) o Frz8#Y p-distance
e mER LB BNIZEEFIIEEE » WIRUFIBRERIEBRINVIZEEFSISE o

L. yunnani L. dakengi L. formosanus Sapho. Sapho. Sapho. Sapho.  Ufo

shirakashii undulates gallaepo- conatus nipponicus

miformis
col

L. huisuni 0.0770 0.1478 0.1289 0.1619 01588  0.1525  0.1619 0.1525
0 0.1305 0.1085 0.1745 0.1572  0.1447  0.1541 0.1399
0 0.1242 0.1950 0.1792  0.1855  0.1824 0.1777
0 0.1792 0.1557  0.1588  0.1682 0.1557

285 D2
L. huisuni 0.0041 0.0081 0.0183 0.0568 0.0487  0.0507  0.0507 0.0487
L. yunnani 0 0.0122 0.0223 0.0568 0.0527  0.0507  0.0507 0.0487
L. dakengi 0 0.0142 0.0629 0.0548  0.0527  0.0527 0.0548
L. formosanus 0 0.0669 0.0588  0.0568  0.0568 0.0588

Table 1. p-distances among the two sequence (COl and 28S D2) of the species.

& 1~ WA DYIRER M 2 B7E COl £2 28S D2 5 _EH p-distances ©

Indicate with an X if each the following statements are true (T) or false (F).
B X7 EIFELATRRA A E 2 EFE (T) & AfER (F)

Q.35.1 The L. huisuni and the L. yunnani are the two most closely related species in the
genus. L. huisuni # L. yunnani & 8B+ E RGN

Q.35.2 Phylogenetically Ufo nipponicus is more closely related to the L. yunnani than
to the L. dakengi.
Ufo nipponicus £2 L. yunnani B9BE{ALEER L. dakingi 3% o

Q.35.3 Thedifferences between the results obtained for the two sequences (COl and 28S
D2) means an error has occurred during the sequencing of the DNAs.
HECMiER5 (COI A 28S D2) FRERHNAE R ZENZERZEE DNA EFBIZHAYEE
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Q.35.4 The COl region is more useful in research of phylogenetic relationship between
more distantly related species, than 28S D2.
EERE 28S D2 2k58 » COI BB R B LEBIE & Z 2RSSR RMABIER LY -
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Q36

One of the main purposes of phylogenetics is to construct trees which represent the evolutionary rela-
tionship of the taxa. A major challenge is to combine the results from independent researchers in this
field.

RERAAENTEZEENZ —MEEE—ETUNRYEZ BIRICE LR - AT IR EENE S5
RIS EMRFEREAIDEE

You can see two phylogenetic trees of legume genera below from two independent research groups (Fig
1.and 2.).

fRA] LATES T W B 2 8 & 3L B kPR 2 h Y S 48 B ARG RR (R 48 o

Galega orientalis Cert.:is
Galega spp Lupm|:|s
Vici Arachis
. icla Cajanus
Pisum Glycine
Melilotus :l_ €] Vigna
Trifolium - Phaseolus

Medicago Lotus
Astragalus

Lotus :l_

. Galega
Anthyllis Cicer
Seshania — ] ——— Ononis

Phaseolus Medicago

Vigna }_ _E Trigonella

. Melilotus
Glycine — -

h — Trifolium
Cajanus Pisiiih
Lupinus Lathyrus

Leucaena Vicia
Lens

Parasponia (Ulmaceae)
Fig 1. & Fig.2. Phylogenetic trees of legume genera.

B S B FU EE Hh MY S AR R B A

Q.36.1 Is there any genus with conflicting results from the phylogenetic trees above?
BRAIMEBRRGNUETEMEEEER ?
Indicate the correct answer (A-E) with an X in your answer sheet.
FAXEERSLEZE A S ENHEERRHAIEER o
A.No, thereisn’ t.
RE
B. Yes, the genus Galega.
B > 2 Galega
C. Yes, the genus Lotus.
B ZLotus °
D. Yes, the genus Trifolium.
% » & Trifolium
E. Yes, the genus Vigna.
B ZVignae
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Q.36.2 Thisisthe combined tree from the two trees above. Some missing genera are in-
dicated with letters (A, B, etc.). Your task is to find which genus belongs to which
letter. Indicate the appropriate genus with an X in your answer sheet. It’ s pos-
sible that a letter can symbolize more than one genus. If a genus doesn’ t occur
in the tree, you should indicate that by putting an X in column Q.
EERCHMNENR LEMERESTR - BLEHRNEI A~ B ZFLHIFR RN
EFREHREB—EU LRI B RZE—EF Y - FEERESLER” X
RIGHIEENE - —EFSAREAR—EULNE - MRZBARBHIRER L >
sA{RIE X 1H7E Q MU -

Sesbania

A

Galega
Medicago j_
Melilotus

B

Lens

Pisum

D

Phaseolus

E

Lupinus

F

Fig.3 @ 3
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Ethology {TA4%REER

Q37

Twenty-eight rare and protected species of bat live in Hungary. Bats sense their environments using
echolocation, which is disrupted by different surfaces. A smooth metal plate was attached to the wall
as shown in Figure 1. The bats were recorded attempting to drink from, or colliding with, the floor, walls
or the plate on the wall.

—+N\ERANR FRENRIBEEEY T o RIEEAEEE MR FIAIRE - BRE LSRRV
REBIR o ME 1 P - RCBHNEBRMAEENEEE - MARLERIEE R IEUOMAR « iSEEaiEEE LS @ik
A B BRIk SRt o

____________ Legend 1

1.2m
Fig.1. Legend 1 = High-speed cameras

1. Efl 1= s&EmEE

In a second a experiment, the metal plate was instead placed on the floor, and the bats were recorded
attempting to drink from, or colliding with the wall, floor or the plate on the floor.

AR _EERY > SBRWNETMR L > MIRERCIRIEIEEE > tiiksitik EHE Bk EEKSE
The reaction of bats to different surfaces shown in Fig. 2.
IRIEH T RIREANREME 2 Fim
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70 Title 1 70 Title 2
60 60
50 50
2 40 L 40
> x
< 30 < 30
20 20
10 10
0 0 '
11 2 L3 L4 1 L2 L3 L4

Fig. 2. Percentage of drinking attempts and collision eventsin box plots. Values were calculated
per individual relative to its total number of passes through the corridor. Title 1 = Horizontally
placed metal plate. Title 2 = Vertically placed metal plate. Axis = Percentage of occurrence. L1
=drink from ground. L2 = drink from plate. L3 = collision with wall. L4 = collision with plate

2. LB ZRTEANKNBEZTHNEOL BERARENAELAEAENBREERN
BRI IZB 1=7kF - IRBE2=FH o = LENEDLE o L1 =1LEIEIK o L2 = EARIGIK o L3 =
EIHBERRI1E o L4 = BAARALIE

Why do bats react differently to smooth surfaces than to others? indicate with an X if each of the following
statements is true (T) or false (F).

AT EIRIEEUAREMNRERRNEM ? 15 A TR E AR (T) SEER (F) » AX KRR e

Q.37.1 The smooth metal plate/surface absorb more sound than the rough ones.
KBNEER/RELEEBENEBIRRNEZNE S o

Q.37.2 The smooth metal plate/surface only reflect sound back to the bat if the sound
reaches the surface perpendicularly.

HBENEBR/REESEEIERANEETRHGOEEEE -

Q.37.3 The vertical smooth metal plate/surface reflects sound in a way that attracts the
bats.
EENANEER/RARNEETNS AR |IRE

Q.37.4 The bat can only detect a small part of a smooth surface.
IRiE RAEERIFLBRREN— NS -

Why do bats react differently to vertical and horizontal smooth surfaces? Indicate with an X if each of the
following statements is true (T) or false (F).

AR EENKTHBRENRERRE ? 150U TRUAAIE 2 EFE (T) #8332 (F)» BX®RTR -

Q.37.5 Thesound reflected from a horizontal versus vertical smooth surface is different.
K FHREEBRARSFNEZERREM o

Q.37.6 The bats’ reaction is different because in nature bats usually only meet with hor-
izontal smooth surfaces.
RIEN R EERARAR » EAEBEARTIRIERS REKFELBHREEE
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Q.37.7 Bats use their sense of gravity to help them recognise water.

dREF FHPIE 5| 7D B9 RUFE 2R B B4t PTG RN K o

Q.37.8 The bats collided with vertical smooth surfaces because they sensed it as open
space.

IR EEORMNRERE - BAEMRERAAFKER -
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Q38

The following experiment was used to determine whether Pharaoh ants (Monomorium pharoaonis) use
attractive or repulsive chemicalsignals to sign their foraging routes. The researchers used two ant colonies
in the experiment (Fig.1).

UTERANREEZEERE (Monomorium pharoaonis) BEERBRS|IHSHESHCEMERERHEE
BRE - MRABETERTEATMEREEE (B -

Title 1 Title 2

o} L1
e
€ 90mm
|
o L
s./ ‘ __: 4
a0mm
10mm
!-“!IEiern
g
control
I‘CITn.m
L2 L2

Fig.1. Experimental setup. Title 1 = Trail sections. Title 2 = Test position of section. L1 = feeder.
L2 = From nest

1o BRES -Title 1 =1TERERZE -Title2=AlaBRE - L1=-RBWM-L2=HBEE
N

The first colony was used as trail-laying colony in a paper Y-bifurcation apparatus (left side), where they
were able to leave pheromon trails. The researchers put a feeder with sucrose in the end of one branch
(feeder branch) and left the other branch’ s end empty (non-feeder branch). After foraging, they removed
five sections (S, F,, N,, F,, N.) and a control from the apparatus and put them alternately in different
unbranched apparatuses (right side). The following sections were used:

FESEE AR Y REPEHUELERHEBE (£ - HIRASEEP—EAIX REDX) HIRIKK
BT —AXARENRER > R —EIXNKRHEEE FRENON) - BR%E » tfitREDIHBEREN
BE (efithER T —EEfEERE) TREMARATRBNADIXRE (GR)) > LERUTEHD -

- S:1 mm before bifurcation S : X &1 1 mm

- F,: 3 mm after bifurcation in the feeder branch Fb : #E8& DX HH X% 3 mm

- N,: 3 mm after bifurcation in the non-feeder branch Nb : EIFFEDZHHXE 3 mm
- F,: 60 mm after bifurcation in the feeder branch Fe : TEH&E DX H 45 X% 60 mm



V\) 30t |BO Chinese, Traditional (Taiwan, China) V2-42
= HUNGARY 2019 Theory 1

- N,: 60 mm after bifurcation in the non-feeder branch Ne : #EJEEE&E D ZHH X% 60 mm
- Control: no ant trail pheromones used #ZH48 : AR B IBBESKNEE

The researchers tested sections with 50 ants from another colony. They checked, how many times the ant
made U-turns in each case. The number of U-turns compared to the control is shown in Fig.2.
MEABRSZ—E/Y 50 EHERAHERSERENRE - tifISEIBRETAEEREA U FZEERE - WA
PR SR L BN 2 PR ©

P<0.001

Axis
o
1

P<0.05

-15 - P<0.001
-20

Fig.2. The result of the experiment. The number of U-turns compared to control. P<0.001 and
P<0.05 indicates the significance level of the difference compared to control. (The lower the
value, the stronger the significance.) NS means no significant difference compared to control.
Axis = Number U-turns ants made relative to control

P<0.001

20 BERER c EWIRMALL > U ZEERISNE - P <0.001 ¢ P <0.05 RmEHRELLER
BEREE - ([EHME - FEMEE) - NS RmHENRBLLAEEEE - ¥ = AN N HRESEN U
A

Q.38.1 Based on the significant results of the experiment, determine which type of
pheromone the ants used in each of the five sections. Indicate your answer by
putting an Xin the appropriate box on the answer sheet.

BREBNEZRER  BEBETAEREFNE—EHEMERERRNER - £
BES FHEEEREA X RRTIRNEE o
- A-attractant pheromone 3| & &5
R -repellent pheromone B & B
- Q-no trail pheromone used REFERERS
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Theoretical Exam Afternoon F&IRigE =

General Instructions —fi&:iEA

This exam consists of 38 questions and lasts 180 minutes.
- Cell Biology (Q1-7)
- Animal Anatomy and Physiology (Q8-16)

Plant Anatomy and Physiology (Q17-22)

- Genetics and Evolution (Q23-30)

Ecology (Q31-34)
Biosystematics (Q35-36)
Ethology (Q37-38)

ZEDEE 38 ERIRE > 1548 180 DiE -
- HEREYIZ (QL-T)
- BYIMREISMEEE (Q8-16)
- EYIREIBINERE (Q17-22)
- IBE2HE(E2 (Q23-30)
- ERRE (Q31-34)
- EVRFEDEL (Q35-36)
- BTAZ (Q37-38)

1. Please remember to attach your BARCODE sticker to all pieces of paper on the answer sheet.

Eal A

Write your answers in the separate answer sheet provided. Only answers given in the answer sheet
will be considered.

Stop answering and put down your pencil immediately when the bell rings signalling the end of the
exam.

No paper, materials or equipment should be taken out of the exam room.
AR RIS R AR E S RENE—H L -
BEZDNREFRENSZREL - AARAEZEZRLNERTETD
ERBEE > RMEHERE > BUEMFILEE LR TEHE -
REIREEARTR « MRlEREBTHEL
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Cell Biology 4B 422

Q1

The nematode C. elegans develops as either a male having only one sex chromosome (XO) or a
hermaphrodite with two sex chromosomes (XX). When maintained in groups containing both sexes,
hermaphrodites live significantly longer than males. Two signalling pathways, the IGF-1 signalling and
the sex determination pathways play pivotal roles in the control of C. elegans ageing.

FHRERIRRE (C. elegans) AIRAMERAF—EMRERE (X0) H#E > KEAMEMREE XX) Hlf#RE
A2 - BiREF MM AER A K 0 Rt ERRRERNSmEE RINEN - MESRKE - U2 IGF-1 155K
BEMMHRERE - EIEHBERERAERE INEFRAR -

DAF-2 and DAF-16 are elements of the IGF-1 signalling pathway. Loss-of-function mutations in their genes
were introduced, and the lifespan of generated transgenic animals of the two sexes were measured (Figure
1) DAF-2 #1 DAF-16 2 IGF-1 5 &R E o IR IhEeT KL (Loss of function)” iFEFEEE » W9
itERERESESYRTWELNZSs (B 1)

In all graphs, NS = not significant difference; *** = significant difference.

EFFBES > NS=HEBEER, " -BEER -
d 181 . W OWTXX b 30 T —=— ® DAF2-/- XX
127 ga W WTXO 2 TN\ m DAF2-/- X0
. . 20 ¢ W DAF2-/-, DAF16-/- XX
z 8 2 154 DAF2-/-, DAF16-/- X0
6
e 10
2
0 0

Fig.1. Axis = Mean lifespan (days). WT = Wild-type.
1o 8= (R) - WT=5F£R -

To test whether the nematode sex-determination cascade is involved in the sex-specific regulation of ag-
ing, researchers modified the activity of two elements of this pathway, TRA-1 and TRA-3. The mutations
of transgenic hermaphrodites were as follows in Figure 2.

77 AR RREER S E MR R ECHE - RASENZREIMEZEER TRA-1 M TRA-3 BYE
InLERR - RERREER SRS E R EIESINE 2 Frm o

MUT1 - TRA-1-/-
- REEE 1 RETRA
MUT2 - TRA-1 low activity, with some function
- SRS 2: TRAEIER » (BE—LEThAE
MUT3 - TRA-1 hyperactive function
- ZREERE 3:TRA-1 IHAEIBRE R
MUT4 - TRA-3 loss of function
- SRS 4: TRA-3 THAERRK
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MUTS5 - TRA-1 hyperactive function AND TRA-3 loss of function
- SREEE 5: TRA-1 ThAEIBE E{CE TRA-3 ThAE K

o —— ® MUT1
12 [ —
® MUT2
. 10
'&7 B MUT3
m MUT4
B MUTS

oON & O O

Fig.2. Axis = Mean lifespan (days). WT = Wild-type.
B 2o 8 =F19F]e (R) - WT=F%2 -

TRA-1 was identified as a transcription factor. The expression of DAF-16 was measured in various TRA-1
mutants to assess the functionality of a potential TRA-1-binding site in the DAF-16 gene (Figure 3).

TRA-1 #HEE AEEREF o & 7 51fE7E TRA-1 BJ 557 DAF-16 BEFE LHREME » AERFIUNGEIZRE
TRA-1 B8 DAF-16 WRIFE (E3)

2.0+ kK K B Herm.
: k% k 1
— | B Male
o 157 ' I ® MUT1
NS
<104 T = MUT2
MUT3
0.5+
0 -

Fig.3. Axis = Relative DAF-16 expression level.

YNE 3 PR © §h = #8¥t DAF-16 REE
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Q.1.1

Based on the information above, create a model of protein interactions that af-
fect lifespan (LS). Use the options below (A-D) to fill in the boxes in the flowchart
and indicate in the circles by the arrows whether the interaction is stimulatory
(put +) or inhibitory (put -).

KiE LB > ABRRKEIRIELESH (LS) NEREREFRARE - AT
Ef (A-D) EIHERMRZEEPNAIE » UEFBEEZNEESA (+) RnEAEEER
EREMR > A () KRR EFREHIHIER o

Options: 18

A. TRA-1

B. TRA-3

C. DAF-2

D. DAF-16
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Q2

The ATP content of an average muscle fibre at rest is very low. Under short, high energy demand exercise
(e.g. @100 m sprint), theinitially very low ATP levels in the muscle fibres are buffered by phosphocreatine
(PCr, Figure 1).

R IEESAAMAER ATP SEIEEE - TERBINSEEERIES (/a0 100 KEH) T o AERRYIEREMN
ATP ErTFREEEANEE (PCro B 1) NMUER » UEEBREEK o

T ?Ha o) ATP ADP T CI:H3 lo)
©
N N\)I\ © \——/; oL, ~N N\)‘\ ©
H Y (0] ~ P (0}
I AN
N i i N
H -, @\H creatine kinase S) H /@\H
creatine phosphocreatine
Fig.1[E 1

We can measure levels of phosphocreatine and ATP in a working tissue using 31P NMR spectroscopy,
through the height of the corresponding NMR peak. Figure 2 shows the NMR-spectroscopy results of mus-
cle intracellular fluid from a subject who had done 2 minutes of vigorous exercise. A: before exercise, B:
first minute of exercise, C: last minute of exercise, D: after exercise; |, Il and 11l are peaks that represent the
three phosphate groups in ATP molecules, IV: PCr, V: Pi, VI: phospho-monoesters.

FFITLAUER 31P NMR Y¢:t » BiEAEN NMRIKIEMNSE » A2 EEESAS DB ATP NS
£ o [B 2 BB —EETT 2 DERZUESZTH BN AKRE NMR JEER o A ESE] > B . EFW
B—ntE -, C. BEMNREB—NE > D BHE; > 1F N KRATP D F P =(ERELIRERIE 5 IV : BELANES
(PCr) > V : BEEEAR (Pi) > VI : BifEESES o

v I
D
¥
B
y (o 1 1

0 5 0 <5 -10 1520 ppm

Fig. 2[E 2
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Immediately when the actin-myosin interaction starts producing ADP, the activity of the enzyme adeny-
late kinase, which catalyses the near-equilibrium reaction 2 ADP «— ATP + AMP becomes significant. Be-
sides the generation of the negligible amount of available ATP, the reaction is essential because both ADP
and AMP can allosterically upregulate glycolytic enzymes -and therefore prepare the muscle for longer
exercise.

ENBEL-IIKEBBEERMRAESL ADP K » BREELSES I AN R0E » HATEICHE T R FE 2 ADPKX
ATP + AMP EREE © [T EEMERIRIA ATP J) > EEREHE LT > F#4 ADP Ml AMP mE & AJ LU Z18
MERVERTERRES BRI - EARERITERFMES -

Based on the information above, indicate with an X if each of the following statements is true (T) or false
(F).
R LER » AU XEATYIRURAIERE (T) XEE:R (F) °

Q.2.1 Hydrolysis of the high energy bond of PCr can be used directly as energy source
of enzymes.

PCr B AESERY/K B P H 12 FR{FESRIAEB SRR ©

Q.2.2 Therelatively constant ATP concentrations shown on the NMR results are due to
the buffering effect of PCr.
NMR & RETHEHETERN ATP BREREN PCr (VEEER

Q.2.3 The phosphocreatine system is the main energy source in marathon runners.
BENERARER RSN ENENTERERIR °

Q.2.4 AMP and ADP levels are similarly sensitive indicators of energy status (as shown
by ATP concentration)
AMP 1 ADP 2 EF] RN EFIEEMREHIBRIER (W1 ATP REFT) ©




=%5 20 1BO Chinese, Traditional (Taiwan, China) V1-9
HUNGARY 2019 Theory 2

Q3

Abscisic acid (ABA)-and salicylic acid (SA) are involved in stomatal closure. It' s known that the Ca2+-
independent protein kinase OST1 and Ca2+-dependent protein kinases (CPK3 and CPK6) are key for ab-
scisic acid induced activation of an anion channel SLAC1 and stomatal closure. SLAC1 has two phosphory-
lation sites: S59 and S120 are both serines. Coexpression of the CPKs or OST1 together with SLAC1 genes
in an observed cell leads to the following result:

BEfEEE (ABA) F7kizEe (SA) ZEARFLREARA - B0 Ca2 + JEMIEME R BES OSTL M Ca2 + (kB E R
B§ (CPK3#1CPK6) EREEMFENSEETIHEIE SLACL JEEFEFLEARIAVRIHE o SLAC1 AAEMERBELEAIRS -
S59 # S120 #BRARREEL £ CPK 3¢ OST1 £ SLAC1 EEHRENMEH > ATRREUTER !

Col1 Col 2 Col 3
CPK3 CPKG6 OST1 SLLAC1 S59 5120 An
- : - + @ @ @
+ - - ¥ @ @ @
- ¥ - ¥ @ @ @
+ + — + *ekk @ *okok
_ _ + + @ *kk *okok
Table 1. Col 1 = Expression of . Col 2 = Phosphorylation of . Col 3 = Current. An = Anionic. ‘¥
=expressed; ‘- ‘=notexpressed; ‘@ =doesnothappen; “*** =happens

K1 Coll=KRF-Col2=BifkL- B3IM=F|R-An=[EREF - + =FAXRE," - =
RERR, @ =8%%E; 7 =%4E

The effect of salicylic acid (SA) on stomata closure of wild type (WT) Arabidopsis thaliana was determined
in a standardized way. Salicylic acid was added to a leaf fragments and stomata opening was measured.
The stomatal assay was also carried out with some KO-mutant lines. The results are shown below.

DURE S RRAEKIBEE (SA) BEFAR (WT) [WHIfEFT (Arabidopsis thaliana) RFLEARABIRZ - i&KABELIN
ARRP WHAERARE - BERLAEDTEERZIRRERTER LETT - ERWN TR © (*-significant
change, ns -non-significant change)

(*-BBBR1L  ns - JEREEEE)
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Fig.1. Axis = Stomatal aperture (um). WT = Wild-type.

Axis

_I_,*

oControl

t

00.5 mM SA

1 mMSA

1o & =RFLFLE (um) o WT =EF4ER o

Fig.2. Axis = Stomatal aperture (um). WT = Wild-type.

Axis

Oo0mMSA DO05mMSA m1mMSA

_I_

*

i

*k

_I_

*%k

—_

N

20 B =RFALFLE (um) - WT =E54H o

For the following questions indicate your answer with an X.

LUFREEIMU X RREHIEE o
A. CPK3
B. CPK6
C.0ST1

.\;\I
A
S
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D. either CPK3 or CPK6
E. either CPK3 or OST1
F. either CPK6 or OST1
G. CPK3 and CPK6
H. CPK3 and OST1
I. CPK6 and OST1

Q.3.1  Which of the kinase(s) (A-1) are required for the phosphorylation of the two sites
in SALC1?
BRLEHES (A-1) 2 SALCL BRI BE i EL{EFr s ss 2

Q.3.2 Which of the kinase(s) (A-I) are required for the phosphorylation of site S120 in
SLAC1?
SLAC1 HEEEE{E( R4 S120 FEEMFEHES (A-1) ?

Q.3.3 Which of the kinase(s) (A-1) is required for salicylic acid dependent stomata clo-
sure?

KGR R LRI R 2R (AD) ?

Q.3.4 Which site or sites need to be phosphorylated to open the SALC1 anion channel?
PR (L) (I REBARBEER (L8 A REFTRE SALCL [SREFimiE ?
A.S59
B.S120
C.S590rS120
D. S59 and S120
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Q4

Each year, the WHO forecasts which H and N antigens the dominant flu strain is likely to carry to make
vaccines. In 2017, an outbreak of strains HIN1 and H3N2 was forecast for the following year. However, in
2018, HIN2 actually became dominant.

S5 > HRFHEASMETTEINEH AN RERETENRRFSSRTRRUEESR - 2017 £ > FBAFE_FI§
2% HIN1 #0 H3N2 j%&E %k o AT » 12 2018 £ » HIN2 AV A R Timatk o

Three people (1-3) are vaccinated, and their antibodies are used in immunodiffusion assays. Virus and
antibodies are loaded into neighbouring wells of an agar plate according to the table below. They diffuse
towards each other and precipitate in a visible band if they crosslink.

=EA (1-3) #ETEE  tPINFRERNEREECAE - REBETRAT » KRSMTEEINE A TARAIEA
L - EfIfEEREN > MREFERBHES > RIATRENTR -

Antibody #7188 | WellAFLA | WellBFL B
1 HIN1 H1N2
2 HIN1 H3N2
3 HIN1 HIN2

The results of the experiment are presented in Figure 1.
ERGEREZRUE LFm o

Fig.1[& 1

Indicate with an X if each the following statements are true (T) or false (F).
A X R TIIRGRAIEAER (T) EER (F) ©
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Q.4.1 The developed vaccine provided protection for antigens predicted by the WHO.
Rt R AT AR R G MU M RE

Q.4.2 Antibody 1 and 2 can from the same subject.
iRe 10 2 PR EMEEMNZHEE -

Q.4.3 The subject that gave Antibody 2 is protected against the new HIN2 influenza
outbreak.
BTIEE 2 WREBRZIE HIN2 RRIRZENEE o

Q.4.4 Based on the available information mark antigens the samples (1-3) provide im-
munity against with an X. Mark all other boxes with O.
ERTANGER UXREBESEERBHNIER o A O IRacE HithZErs ©

Catumaxomab is a new anti-cancer antibody, unlike natural antibodies, binds two different antigens, CD3

and EpCAM.

Catumaxomab B—EHHVTIETEE - EXAMEARR » HeIESMERRNTR ©
Indicate with an X if each the following statements are true (T) or false (F).

X SFEe FoIRGM AT E & ERE (T) SiER (F) o

Q.4.5 Catumaxomab in an immunodiffusion assay with purified CD3 protein in both
antigen wells will give precipitation similar to Antibody 1 in Figure 1.
EMETEFLP > A4H{ERY CD3 &R Catumaxomab EITRBIBHUAIE » GEE
$ELRRE 1 FRRYHIRS 1 RYTRES o

Q.4.6 The different specificity chains of Catumaxomab are held together by covalent
bonds.
Catumaxomab ERAREHFEEEULBRESE I
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Q5

In 1963, a series of experiments were performed by John Cairns and peers to test the mechanism of DNA
replication. An experimental organism with circular dsDNA chromosomes was grown for several gener-
ations in a medium containing radiolabelled [>H] thymidine. The organism used these bases to repli-
cate their circular dsDNA chromosomes and therefore the subsequently synthesised DNA became radi-
olabelled. Samples were rapidly frozen during DNA synthesis and then observed so radiolabelled bases
appeared as a line of dark beads on a string in a radiographic picture. They found that each circular chro-
mosome contains a single “eye” duringreplication, resembling the Greek letter 6 (theta structures, Figure
1).

1963 £F » John Cairns F N7 7 —R5IEEE > LUAIE DNA RIS - i A AIRIK dsSDNA BN EEEE
YIBEESE [PH] MRS ENEEEREREN - EVEEEAEERARKEREMNIRR
dsDNA Hx&a8 > FIEEFTS MY DNA AEMETHEREC © £ DNA SR ARBRIRMIRE SR » ARERBE R
SRR ARSI AT RA P2RNBREEMAEL - thAIZRSEETACEEEREETHESE—RE
“IREE” > ALUNFEFE 0 (theta 518 > B 1) ©

legend1—

Fig.1. Radiograph and its interpretive drawing of a replicating chromosome. Legend 1 =
Replication eye

1 BRRER B RERPRERENAERE - Ef 1=1BRRE

In a second experiment, researchers grew the cells in a medium that contained both non-labelled and [3 H]
thymidine but the latter was only present at low concentrations. Then, during the replicative period, they
increased the concentration of [ 7] thymidine in the medium and immediately isolated samples to freeze
and photograph. The results are shown in Figure 2.

EE_EERTD > HRASKARBEESAFRLREBERE PH] RCHIMBRIEIEZE 2582 - A% >
TEE SRR - MR PH] IR BRIEIR R EEEEERRNRE - WX D BRGIET/SRMERME - HiE
RUNE 2 Frm o

'
v e el o e Mo T ey = mn e - e R cmm——— ey B
e ks Tt e # g -.-..--.-.-.-.-----‘""""--H-‘I

-

Fig.2. Radiograph of the replication forks
2 - MEXBBSHERER IR A
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Indicate with an X if each the following statements are true (T) or false (F).
FIE X 15H TYIRRA AT E A ERE (T) SEEER (F) ©

Q.5.1

The experiments show that there is a single replication origin in in one chromo-
some in this organism. BERA » ZEVREN—IRRERE LFTE—(EE—EHEA
Rk o

Q.5.2

The experiments suggest bidirectional replication. EE;REFLE RER o

Q.5.3

Which of the following DNA replication models is consistent with the results
above? Indicate with an X.

LUTi57E DNA 1R EENB FIER—? AX KRR ©
A. Conservative

R5F

B. Semi-conservative

FRTF

C. Dispersive

DER

D. None of the above

K EEIE

Q.5.4

What can you conclude from the results on the relative abundance of thymidine?
Indicate with an X.

REERMERN S ENERPR/EITEER 2 AX KT

A. Thymine is more abundant in the replication origin(s), than in other area of
the DNA.

RIBRIZENE/E R RHERL P EETE DNA WEMEKFESE

B. Thymine is less abundant in the replication origin(s), than in other area of the
DNA.

FRRIEIE R R LR PV S 24E5° DNA WEME -

C. Thymine is equally abundant in the replication origin(s) and in other area of
the DNA.

RBRIZNE/E R BERLA] DNA WEMEIRFEIREE ©

D. Relative thymine abundancy in the replication origin(s) cannot be inferred
from these results without doubt.

EREE > TREIE LA RIEET LS IR ABH MR IEE S E o
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Q6

During DNA replication, RNA primers are synthesised, which are then extended by DNA polymerase. On the
lagging strand, DNA polymerase is then released, forming an Okazaki fragment, and the process repeats.

7£ DNA #E &R > ST A FL RNA 5| F » B DNA ESEINMIER - TEFK > DNA RGBS HEER RERE
> WEEZDER
The lagging strand was immobilised at one end to a flow cell. The other end is attached to a florescent

bead. Liquid is moved across the cell to stretch the DNA and the position of the bead is measured and
plotted as’ DNA length change’

BRI —IRE ETE flow cell BmiE L o 5 —In@EERE Tk o iRES AR mIE LTS LM DNA » I8
%EE%&H?TJ%E@IEL@ ‘DNA REZHME” -

m Legend
A
N
(Vp)
3 5 3
N\
0 10 20 30 40 50 C

Axis 1
Fig.1. Axis 1 = Time (s). Axis 2 = DNA length change (kb). Legend = Primer.

o 1o Axisl = B¥ft] o Axis2 = DNA REZ{E (kb) o Legend = Primer °

Q.6.1 Indicate with an X which position on the graph (I-Ill) may correspond to which
step of DNA replication (A-C).
A XEEscE (1-101) ErTLAEFER DNA BRI (A-C) TRIAIE -

Q.6.2 How many base pairs long is the Okazaki fragment based on the figure (to the
nearest 500bp)?
Rz EHErfEE R BE S MEmRES (&IFERY 500bp) ?

Q.6.3 What s the rate of DNA synthesis? (in bp/second)
DNA ERBVERERZ/L ? (M bp /sec &)
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Q.6.4 1U of Taqg polymerase is defined as the amount of enzyme required to incorpo-
rate 10nmol dNTP into DNA in 30 minutes under optimal conditions (72°C). In
a PCR mixture (25pL) made with 1U of Taq pol, assuming unlimited template
DNA and optimal conditions throughout, how long would it theoretically take for
dNTPlevels to drop from a starting 400uM concentration to 200uM in minutes?

1 B (V) B9 Taq BABSE B AEREMNRM (72°C) F > 72 30 8/ » AE#F 10 nmol
dNTP 8 A DNAFRFRHRSEEE © 72/ 1U Taq HREEBEEN PCREEY (25 ul)
&> RERERHIIENR DNA EMEARERN - iR L ANTP 214E#45 400 UM RE
TBEE] 200 uM BEZ D DEE?
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Q7

You find a mutation in p53 ( the guardian of the genome’ ) at nucleotide 42. In your sequence, it is an
adenine (A), whereas it is usually guanine (G) in the wild-type, as shown in Figure 1.

OFERERE 42 REIRT p53 (“ERMMTHE") WRE  FEONFSIT > SREES (A) > METELHE
BEBES (G) > fIE 1 Fin -

5 .TAAAGTAGATCTTCCAGACGCTCTGTTTCCGT..3 Mboll: 5-GTAGA

|_ | |_ | |_ | Bglll:  5-AGATCT
30 40 50

Dpnl:  5-GATC
3 .ATTTCATCTAGAAGGTCTGCGAGACAAAGGCA..5 Hgal: 5'-GACGC

Fig.1 @ 1

Q.7.1 You design a test for the mutant allele using restriction enzymes. Indicate with
an X which enzyme (A-D) can be used to distinguish patient samples?

TEARGIEE R T RESMUERAE - A X RTHEE (A-D) TAREDERE
B2

A. Mboll

B. Bglll

C. Dpnl

D. Hgal

A clinician uses the appropriate enzyme to carry out restriction fragment length polymorphism analysis.
Results for patient A-G are shown in Figure 2.

BRRBEEREENBETRMR RRESEMDT - BE A-GHEREBREE 2 H -

Fig. 2 [& 2

Q.7.2 Determine the genotype of the patients by marking in it with an X. The letters in
the table refer to the nucleotides found at position 42.
AXFERRAEEENERE - RPNFERTAE 42 URMIZERE -

Following genotyping you look at p53 transcript and protein levels as seen in Figure 3.
EETEREETER - (Relall p53 BN EREMNSE » GRUWE 3Fim o
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A B CDETFG

S Lccond 1
..' -. ,'. Legend 2

Fig.3. Legend 1= RNA. Legend 2 = Protein.

3oLlegend1=RNA° Legend2=FHH °

Q7.3

Indicate with an X whether the mutation affects:
BAXKRTEERETE .

A. p53 transcription

p53 &%

B. p53 translation

p53 #5E

C. Both

&

Q7.4

Normally, when the genome is damaged, four molecules of p53 form a complex
which can then bind to DNA as a transcription factor. In an experiment a cell is
heterozygous for a mutation which produces p53 that prevents DNA binding. If
the amount of transcription is proportional to the level of active p53, what frac-
tion of transcription occurs in this cell compared to normal cells?

BE > EREEARIER > WE p53 D FEM—EEEY > AR UESAERE A
DNA#S o E—EEE T > MAMRHL p53 REZ RS FikAE » HEERI p53 #A
455 DNA - MNREFFESELENE p53 E2IELL - APEEIE FAMAMALL » 3% p53 £
MR EEREEAIRZ D 2
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Animal Anatomy and Physiology Eh}fi# &I £ 14 IR

Q8

In an experiment, the breathing tube of the spirometer was filled with oxygen and fitted with a carbon
dioxide absorber that removed all exhaled CO,, as illustrated in Figure 1. Test subject “A” was allowed
to breathe from the apparatus for 4 minutes. The result of this experiment is presented in Figure 2.

NE—Frm 0 EAERT > EEHNTRERR 7 A R > WEA _SCHRRWE > LUBRMHREFFREN
—REHK - RElE AT RBEKRERITR 4 518 - BERRVERIE 2 Pk o

Legend 1 Legend 7

—Legend 6

——Legend 5
Legend 4

Legend 2 | .- --'%::."«.':,;::__- .. 7 . *«t)’z

Legend:3
Fig.1. Legend 1 = Kymograph (graphical registry of mechanical movement over time). Legend

2 = Water level. Legend 3 = Mouthpiece. Legend 4 = Nose clip. Legend 5 = Carbon dioxide
absorber. Legend 6 = Counterpoise. Legend 7 = Spirometer chamber.

°lolegend 1 = Kymograph (BEHf B M MESHME A Z ) o Legend 2 = KfiL o
Legend 3 = UOMRIFEIRREE © Legend 4 = B3 o Legend 5 = Z&{CHIRULHE o Legend 6 = 1 o
Legend 7 = fiEEst ©

| | | | | | |
0 05 1 15 2 25 3 35 4
Axis 1

Fig.2. Spirometer experiment. Axis 1 = Time (min). Axis 2 = Spirometer volume (L).

2 o fiEEFTEER o B 1=FE (D18 - #2=EEsER L -
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Q.8.1 What s the tidal volume of test subject “A” ? (in mL)
LmL AEN > FRZEE A7 BBRARE (tidal volume) %7177
Q.8.2 What is the breathing frequency of test subject “A” ? (in breaths/min)
LAMFIR RS/ D iEA AL > sBEREE A7 WIEIRIERE L/
Q.8.3 Whatis the oxygen consumption of test subject “A” ? (in mL/min)
M mL/ min BE(] > FREZHE A" NEREEZL?
Q.84

In an experiment where the CO, absorber is removed, how would the test sub-

ject’ s breathing frequency change? Indicate your answer by putting an Xin the
appropriate box on the answer sheet.
A. Increase

B. Not change
C. Decrease

AERPEBER CO, RULAE » RELEFIRSERFIE(E ? EERE LIEREE
BYZEMEHIEA X ©

A. H87
B. A&
C. b

In a different spirometry experiment, we measured the volume and speed of air during normal and forced
exhalation and inhalation.

EARmEERAEERT - HFIAE T EREM2FIF RN R R AR EREE

=R JE*DEF‘; °
[
[ ] RV | IRV
| |
|
|
AN [ VC
f\ v\ A\ / ," | X f
2AN) / \ [N\ TV | TV TLC
CN ZAVEAVIAVRV N B VA
‘I ;'
\ / ERV
\ /
FRC
RV RV

Fig.3. Axis = Volume (ml/kg).

YN 3 P o B =A8F (ml/kg) o

- TLC - Total lung capacity: the volume in the lungs at maximal inflation, the sum of VC and RV.
- TV-Tidal volume: that volume of air moved into or out of the lungs during quiet breathing
RV - Residual volume: the volume of air remaining in the lungs after a maximal exhalation

ERV - Expiratory reserve volume: the maximal volume of air that can be exhaled from the end-
expiratory position

IRV - Inspiratory reserve volume: the maximal volume that can be inhaled from the end-inspiratory
level
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- VC - Vital capacity: the volume of air breathed out after the deepest inhalation.

FRC - Functional residual capacity: the volume in the lungs at the end-expiratory position

- TLC(Fh4BEE) : FBrIsERR 2% > FiR A RAV4EF] > B VC # RV BY4BH] o
- TV(BRAR) | ERMTREARE > IREMTHAENZEREE
RV(FERAETR) | BAMNREIFREBIT AL BMERENEREHE
ERV(MRFBERE) | EENRE » BEBRNIRAETFENRAZREE
IRV(RR#HBR) | EERRE > BAEHRIKEBFAZRANRESE
- VC(MEE) : B2 NARREBTHNERE -
FRC (ZHEEMERERE) : [EEMRMAET » BEMARZER
Consider test subject “B” who had the following results:
- VC=5,200 mL
IRV =3,300 mL
FRC =2,500 mL
RV =1,300 mL
ZH& “B” HHRAEEZ2HWT
- FbyEE = 5,200 mL
RRIEEESTE = 3,300 mL
- IHAEMEAmERE = 2,500 mL
- FhERAHE = 1,300 mL

Q.8.5 Calculatethetidal volume of test subject “B”and give your answer on the answer
sheet in millilitres (mL).
MZH (mL) AEA > FHZEE ‘B NWBERETHE -

Test subject “C” was also tested. After several measurements, researchers found that her tidal volume
is 500 mL and respiratory rate is 15/min when resting. During intense exercise her O, consumption rises
leading to a 3-fold higher volume of air inhaled per minute and an increased respiratory rate of 25/min.

FERFINEE—(URHEE C XRAER > MEASLRMENRESRET » BREES 500 27 > WIRSE
R 15 R [DE o TERZINES > WA RKEHFE > EtEERATRIEREINARRE 3 & IFRIER
FARE25R/P8E

Q.8.6 Based on the graph above and the data provided, calculate the tidal volume of
test subject “C” during exercise. Give your answer on the answer sheet in millil-
itres (mL).
21t FEMFrRMHNEE > stEESHEZEHE C WPEREE - UZEA (mL) A
B gBRELEHEE -
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Q9
In the brainstem there is a neuronal regulation network which maintains the rhythmic breathing as it can
be seen in the list below.
e A —(E R AR AR HERS AR MR » Y1 TFERFAR ©
Pneumotaxic center (PC):
- Controls the duration of inhalation by signalling to inspiratory area
- Strong activity — length of inspiration < 0.5 seconds

- Weak activity — length of inspiration > 5 seconds

MIRAERIE (PC) :
- FEHBUHARERRE  EHIRRASFERRE
- EMER — IREEERE <0.5 %)
- JEMRE — REEE >5 7
Apneostic center (AC):
Promotes inhalation by stimulating the DRG
Inhibited by pulmonary stretch receptors
Inhibits PC
RIRFIE (AC) :
- RIRFPIE S RF= RIPEREF (DRG) LUEERRIEH
© RFERRLHZ RSN
- {0 IR SR B SR AR
Dorsal respiratory group (DRG):
- Controls the basic rhythm by triggering respiratory impulses
- Vagal and glossopharyngeal nerves bring peripheral chemosensory information to it
A7 {8IRE0REE (DRG) :
- BARNTIREZEFERILES » TEZERFZTRESRIZHIEAMFREER
- REREN RS ATHIREZCREZRZAR
Ventral respiratory group (VRG):
Inactive during normal baseline respiration
High DRG activity (increased need for ventilation) stimulates it
Has neurons for both inhalation and exhalation
Inhibits AC
RERIPFIREY (VRG) :

- [ERFEFREAECEZHAIFREEIEEME (WRRE L) - SRIBREAIPEIRE LU #LEESMN I
UEIpA)

B B AR R A MR ThEE
- iR IRAIE (AC)
Central chemosensitive area (CC):
- Stimulated by high blood pCO,



=%5 20 1BO Chinese, Traditional (Taiwan, China)

HUNGARY 2019

V1-24
Theory 2

Excites other respiratory centres
et 28RE (CO) :
- MRPZEEHOREBSERAPRICEHRE
- SE{CEMIFIR AR

Decide how the described features would change (increase, no change or decrease) in the following sce-
narios. Indicate your answer by putting an X in the appropriate box on the answer sheet.

- A.Increase

B. No change

- C. Decrease
HiIEH TIFIERURPIHER ST (B0 « FERHEL) - BESRB L EENSZRMPEX -

< AN
B.788B
- CORED

(e

Q.9.1

Respiratory rate upon damage to pneumotaxic center
EWRHPIEZEIEER - IFIRIERAEE

Q.9.2

Blood pH after a stroke affecting central chemosensitive area neurons
mERPERBLR pH ERPRC2HREEHE TR E

Q.9.3

Ventral respiratory group activity upon a deep inhalation

RIS BT RE RN IR B 2 SE 1

Q.9.4

Central chemosensitive area neuron membrane hyperpolarisation upon volun-
tarily holding one’ s breath
2 & BRFEEMTIRE > P28 E S TiRIBIRICIEH

Q.9.5

Length of inhalation upon overstimulation of apneostic center

FIBERARKRPER KRR RE
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Pressure-volume work (or PV work) occurs when the volume of a system changes. It can be calculated as
the product of A volume and A pressure. The work of breathing is mainly determined by the compliance
of the lungs, which is defined as:

Compliance = A volume (mL) /A pressure (cm H,O)

ERMNRRRESER > SRERRNES > BIAFTEEIERL (Pressure-Volume work) » ERJUEHE
A BEFEFN A BAIRISEAE o MIRFR{ERITHE ZBUAN FRVIERE » HEERWT !

IEFEY = BetEck & (mL) /EBAEE (cm H,0)

Compliance itself is dependent on two main factors, (1) the elastic characteristics of the lung, and (2) the
surface tension generated by the air-liquid interface at the inner alveolar surface. In 1929, von Neergaard
excised the lung of a cat which he then inflated and then deflated using air and then inflated and deflated
using saline solution. The results are plotted in the figure below.

MABIEEME A S BUAR MEEZEER > (1) MASHEESE > N (2) AREMEREMEENRERS
1929 £ > von Neergaard ERH 7 56 A AfifiE - Eﬁ'ﬁﬁ%%’ﬁﬂ)\ﬁ&ﬂ—ﬂfﬁﬂﬁf & ZERIT R ; E T RAER
BEKITARERE Nl i £ IR R BRI TR - ERERETTE -

Legend 1

200 —

150 Legend 2

50

Axis 1

Fig.1. Axis 1 = Pressure (cm H,0). Axis 2 =Volume (ml). Legend 1 = Saline inflation. Legend 2 =
Air inflation. Empty circles o : inflation. Full dots e : deflation.

loB 1= (BEXKE) & 2= (ml)cLegend 1 =3T AEEKoLegend 2 =T A
ZER o EHEE: 7TIE o ERE: HEd ©

For the following pairs of statements (A and B), evaluate the mathematical relationship between the val-
ues. Indicate your answers using the following symbols > or < or = in the cells provided on the answer
sheet.

ST LUTREREE (AR B) » AWM E ZHEMVBERF (Kt > 2 N <WFR =) - FER (K> it <
HEFR =) HEBRRL -

Q.10.1 A: Work of inflating the cat lung with saline solution.
B: Work of inflating the cat lung with air.
A BEEREKTEIEASMERID
B : BZERFTIEAMIFT{ERITY o
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Q.10.2

A: The compliance of the lung at volumes above 35 mL (upon normal air inhala-
tion).

B: The compliance of the lung at volumes below 35 mL (upon normal air inhala-
tion).
A BFFRETEEEE 35 mL B » FHRVIEREY (EBZRBRAE)
B : EMEERR/\IE 35 mL B > fRVIEREYE (EEZER|RAE) °

Q.10.3

A: Contribution of intrinsic elastic forces to total lung compliance.
B: Contribution of surface tension to total lung compliance.

A: RTEE N H M ERIERE LR SR

B : RERAHFMERIEFIERIERR

Q.104

A: Compliance of a healthy, normally functioning lung.

B: Compliance of a lung in which surfactant production is abolished by genetic
mutations.

A 2EE > IEREERF > FHETAVIERENY

B : BiBEREREREMERE RN RELR > MBVIEREMY

Q.10.5

A: Total lung capacity in a normally functioning cat lung.

B: Total lung capacity in the same cat’ s lung after chemical inhibition of surfac-
tant production.

A [EBEERSEAMAATAEE o

B : MAEMINRMRERARELR > F—HATRAIMESE -
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The electromyogram (EMG) is a technique used to measure the collective electrical activity of active skele-
tal muscle fibres using electrodes placed on the skin. A human subject was prepared for a muscle elec-
trophysiology experiment to test the conduction velocity of their motor neurons. The experimental setup
and a trace of one of their measurements are illustrated below.

AEE (EMG) TERREHMENKE L > AUUERAISHRAVEENEE - HERFTAUEMAREFHETZE
SRERETIABEENHAR - BEREENENTAEN TR -

Legend 2

Legend 4

Legend 1

Fig.1. Legend 1 = Connected to amplifier and detector. Legend 2 = Stick-on electrodes. Legend
3 =Stimulator applied to notch in back of elbow. Legend 4 = To isolated stimulator

oleolegend 1= EZ IR AIBZMIFER LR o Legend 2 = #hALE S o Legend 3 = FI 25 5 Bb
PR ERE S HIMPALR © Legend 4 = EIZE B AR E2S
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e s
L
— 2—
é B
0 -
m 2

il 0.05 0.10 0.15 Axis 1

Fig.2. Axis 1 = Time (sec). Axis 2 = Force transducer (N). Axis 3 = Electromyogram (mV).

(The spike in the “Electromyogram” trace at “A” (time =0.03 sec) is added by the computer
to show when the stimulus was presented.)

28 1=0KE () o #2=EBHEERE (N) cd#3=/EBE (mV) -

(%H;@?ﬁﬁ'\ ‘MEE” BBFE A" (FFR =0.03 %) BORIBUKRE (spike) LUREMR B H IR
RIEL o

Q.11.1 Calculate the conduction velocity of the motor neuron. Assume that the initi-
ation and transmission of signalling within the muscle cells take zero millisec-
onds. The distance between the stimulation electrode and the EMG electrode
was 420 mm. Give your answer in m.sec-1 and round it to the nearest whole
number.

Fet RESHMETHNEERE | RRAINARASRIBEBRBIEAZTZEN o RIF
ENE EMG EBAEZ FEAEERES 420mm o W m/sec BB > BERMBAAZIRE
ITHVEES o

For the following questions, answer with the letters of the processes listed below (A-1). Note that not all
of the options are actually involved in the illustrated process. Indicate your answer by putting an X in the
appropriate box on the answer sheet.

HIUTHERE > SR TESREZFEEE AT ) - 35i8 » WIFFMAEERERSKRAITRIE « FEEH
ME_EIEFERYZERRREX

A. Ca** channel opening in the membrane of the sarcoplasmic reticulum
B. Acetylcholine released

C. Ca?* binding to troponin

D. Action potential initiated in muscle fibre membrane

E. Action potential propagated along motor neuron
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F. Actin-myosin cross-bridge cycling

G. Troponin blockage of myosin binding sites restored

H. Active transport of Ca?* across membrane of sarcoplasmic reticulum
I. Ca?* concentration increases in the muscle fibre’ s cytoplasm
A. S5REFEER O TR

B. B < B

C 5B FSANE52 1 (troponin) 55

D. ANAseRE FEEENEE L

E. BMEEDLES M TTERE

F. NEER (actin) BRRER (myosin) Z &5 1EHE

G. N5E A AR E B M4 S Z FEERRRIE

H. EEhiEsn SR T S R 4EE

I. AARAE4RAR S P RVESREF R E LN

Q.11.2 Which 2 processes happen between time points A and B?
RrfER0 AR B Z IS4 T m{EIBAE ?

Q.11.3 What happens immediately at point B?
B REE I BN LR ?

MHMEIETZ R ERAAMREC A C MILE(E 2

Q.11.4 Which process accounts for the observation of the peak labelled C?

after point C?
HMEBIZ B R AefElE C B2 B EIFARIZRY TEE ?

Q.11.5 Which process is most likely to account for the slowness of the fall of the trace
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Q12

Nitric oxide (NO) plays a role in physiological regulation of the circulatory system. NO is the activator of
soluble guanylyl cyclase, leading to the formation of cyclic GMP (cGMP), an important second messenger
in vascular smooth muscle.

—&it&m (NO) ARIEZFNAHPHEEEEENAE o NO JFLOIA Y SEHRIRICE (soluble guanylyl
cyclase) » EEIRIK GMP (cGMP) BIFZRL > cGMP RMMEFBAAPEEMNHE _EFAE o

Legend 1
\/

I U M

NO Synthase

L-Arg+0> NO

|
S| / JISS

-~

rLege nd 3 NO

|

sGC —~+GMP

GP cGMP =

Ca* K"
5 m% ’I‘ J
Fig.1. Legend 1 = Adrenaline. Legend 2 = Endothelial Cell. Legend 3 = Smooth Muscle Cell.
Legend 4 = Sarcoplasmic Reticulum.

°ololegend 1 =% LPRZE °legend 2 = WM - Legend 3 = FiBAL4AAME © Legend 4 =
ANgR4E

The contraction of vascular smooth muscle determines the diameter of a blood vessel. The relationship
between vessel diameter, pressure, and flow is described by Poisseuille’ s law.

MEEBAMIRLERE TIMENER o Poisseuille EfEH T MEBER » BT ZBAIREZ o

Tt AP
SuL

Q=

Where:
- Qis flowin mL/min
ris the vessel radius
AP is the pressure gradient
W is the viscosity of the fluid in the vessel
L is the length of the vessel
WARAE :
- QM (mL/min)
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r 2EMEFE

- AP REBIBE
L EMEPRE (MR) BIKE
L EMENRE

Based on the above, how would the specified characteristics be changed in the following scenarios? For
the next three questions, decide if the result is increase, no change or decrease. Indicate your answer by

putting an X in the appropriate box on the answer sheet.

A. Increase
B. No change
C. Decrease

B R - EUATIRIRPRESHECME? FHAERTRO=EMED - FESHI2EM > FE%K
D o BIBEEEE LRERERRA X RERBENEE -

A BN

C.iHD

Q.12.1 Flow in the vessel in case of fight-or-flight response in a living organism.
FEEYRBANBFHRERENERT » MRELERZMFS

Q.12.2 Flow in the vessel upon administration of the drug sildenafil, which inhibits
cGMP specific phosphodiesterase (PDE).
T 24 sildenafil(fEFE AN cGMP 45 214 54F — &S (cGMP specific phosphodi-
esterase (PDE)) B Z IMIRE °

Q.12.3 Membrane potential of the smooth muscle cell upon adrenaline infusion into a

perfused vessel preparation.
ASE FIREDMERET BN ARMAYARIARET o

Q.12.4 By how many fold must pressure increase, to create an increase in flow equiva-
lent to a 10-fold increase in vessel radius? Provide your answer in the appropri-
ate box on the answer sheet.

BN 10 (318 > BAOFTEMAEA S ERMREHILMHE ? EFRE LR H
IREVEZE ©
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Q13

The water content of the human body is about 60%. The distribution of this huge amount of fluid and
their content are both important to understand the main processes of homeostasis. Figure 1 shows the
amount of fluid in, and the ionic content of, different body compartments.

ABERZKENR 60% EERBENIMAERNSYEEYNEECBREPNEEEZAE - B 1 BRTRRND
fRHEBEFSE -

300

Axis 2

28 39.5 42

Axis 1

Fig.1. Distribution of the different fluid compartments in a healthy adult. Axis 1 =Mass (kg). Axis
2 = Osmotic concentration (mOsmol/kg). Legend 1 = Intracellular fluid. Legend 2 = Interstitial
fluid. Legend 3 =Blood plasma.

ol BEMAPFERBN Mo 1=BF (kg) o #h2=82FRKE (mOsmol / kg) °
Legend 1 = #AA&K o Legend 2 = AR E & ° Legend 3 = M o

Inadequate supply of water and ions orthe abnormal loss of these substances alter the values found in Fig-
ure 1. In Figure 2, four physiological conditions with their distinctive values are shown, in which changes
occur in the mass and/or osmotic concentration of body fluids. The diagrams only show the intracellular
(dark grey) and the extracellular (light grey) fluid compartments and their mass and osmotic concentra-
tion values. The areas surrounded by the dashed lines represent the normal values of the compartments
shown in the previous diagram.

KB FRVEEARRNE SRR NE TE 1 FRIEE © B 2 BT OEAENERRGRESAEESH > £
EERBN/HERLEREZENEE - ZEERTERA (GRke) MErsd (Eke) RESHREEE
MEBEREE - EREENERFRT LEFARHSEENIERE -
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Fig.2. Axis 1 = Mass (kg). Axis 2 = Osmotic concentration (mOsmol/kg)

208 1=H2 (kg) - #2=82FEE (mOsmol/kg)

Q.13.1 Calculate the extracellular fluid mass / intracellular fluid mass ratio of sodium
ions, using normal (healthy) values. Assume that the concentration of sodium
ions is 140 mOsm/kg in extracellular fluid, and 10 mOsm/kg in intracellular fluid.
Give your answer to the nearest integer (whole number).
FAMRHRZBEAZERE  stEMBEEFRVARRINR/MARANREELL o R4
SRR ENEETRE A 140 mOsm / kg > MR AR P iEEFREES 10mOsm / kg ©

RHRIZEBHNESE -

Match the following statements describing different physiological conditions with the letters in Figure 2
(A-D). Indicate your answer by putting an X in the appropriate box (A-D) on the answer sheet.

i DA T A [B) E IR AR BYSREAER[E] 2(A B D) RBYF EHEECH o EERM LAY A E D BIZERE X IEERIERE

Q.13.2 Acondition typical after drinking large quantities of diluted liquid.
AR EHRRREBRIHEIR o

Q.13.3 Acondition typical of dehydration (loss of water).
EAIRRRK (%K) AR ©

Q.13.4 A condition brought about after severe vomiting and diarrhoea.

BREEM AR HRRRR o

Q.13.5 A condition most likely to cause the blood pressure to increase.
RASEMMBRASHIER o

Q.13.6 Which of these conditions will inhibit release of vasopressin (ADH) into the
blood?
IPLEEAR S0 HI M E R E (ADH) BRI A ?
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Q14

Insulinis a 51-amino acid protein consisting of 2 polypeptide chains linked by disulphide bonds.
RERE S ERERNEDE » B2 EEBTRRERZNZIKEEAERR -

Legend 1 ? —_— s

Gly —Ile — Val - Glu — GIn - Cys — Cys — Ala — Ser — Val - Cys — Ser — Leu — Tyr — GIn — Leu — Glu — Asn — Tyr — Cys - Asn
5 | 10 15 | 2

S S
| ~
Legend 2 ? T
Phe - Val — Asn — GIn — His — Leu = Cys — Gly — Ser — His — Leu — Val — Glu — Ala — Leu — Tyr - Leu - Val = Cys — Gly — Glu —Arg - Gly — Phe — Phe - Tyr — Thr — Pro— Lys - Ala
5 10 15 20 25 30

Fig.1. Legend 1 =A chain. Legend 2 =B chain

[E 1o Legend 1=Af# - Legend 2 =B ##

Intype 1diabetes mellitus, thereis no adequate insulin release due to the loss of beta-cells of the pancreas.
Therefore, the only treatment is insulin injection, which is most commonly administered into the fat under
the skin. Here it forms hexamers, which then dissociate to be absorbed into the blood stream.

EF—BMERAT 0 ARRE B AEIEEIRE - FIUERREDMENNRER - M—BARS AR EFHRER
REEA > REESINE TR - HEREF M/ NTEE - ABRMERERRIKE MRS -

The graph shows the plasma level of three available insulins (1-3) after subcutaneous injection:
ZERTE VIR =ERAEREEX (1-3) BIVKFHIRE :

1. Human insulin produced in Saccharomyces cerevisiae by recombinant DNA technology.

2. Aninsulin analogue in which swapping one amino acid reduces dimer and hexamer formation.

3. Aninsulin analogue in which amino acid changes to the Aand B chains change the molecule’s isoelectric
point from 5.7 to a more neutral pH.

1. BB E4H DNA B 1iTEEE B & (Saccharomyces cerevisiae) HFFEE ANEEEE o
2. —RBEREERELYW > B —ERERE R BRI
3.—REEERELW > Hh A BENRERNER D FHNEBEN 5.7 2AFFMEN pHE -
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Axis 2

0 2 4 6 8 10 12 16 24
Axis 1

Fig.2. Axis 1 = Time. Axis 2 = Relative plasma insulin level

2 o Axis 1 = BRY o Axis 2 = HEIMIBEEESE

Q.14.1 Matchtheinsulin types (1-3) with the plots (A-C) based on the information above.
Indicate your answer by putting an X in the appropriate box on the answer sheet.
R LI ESRREREE (1-3) HE (AR C) BicH - TERS LHNERTERT
= LEXo

Indicate with an X if each of the following statements is true (T) or false (F).
FAXER TR AEAR (T) R (F) o

Q.14.2 Oral administration (e.g. in the form of pills) of insulin is approximately as effec-
tive as subcutaneous administration.

BREZRBIOMRGE (FIMMUAEINAR) BE T EEARRRENS

Q.14.3 Stimulation of insulin release from pancreatic beta cells can be an alternative
therapy in type 1 diabetes mellitus.
RREEPEE B AEEREE R EA S —ERERFNERERE o

Q.14.4 Immunosuppressant therapy could slow down the onset of type 1 diabetes mel-
litus if it is diagnosed early.

MRFHAZE » REIRB SRR LURAR 1 BUMERRRYEE(E -

Q.14.5 The long-acting, subcutaneously administered insulins (e.g. plot C) act longer
because their degradation in the circulation is slower.
RMBBR THRENREER (BIt > B C) (FRARHMER » A EMERIRRATHN
PEAREIR o
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Q15

An audiometry exam tests a subject’ s ability to hear sounds at different frequencies. Sound waves travel
to the inner ear through the ear canal, eardrum, and the bones of the middle ear (air conduction, empty
circles (O) or alternatively, through the bones around and behind the ear (bone conduction, full dots (@).

BAOBEAUAARHERIAEERE SR - BRiBBEE  HENPENENSFEERIIRNE (E
REE > UELE O XRT)  IEBAREAREBNEZEANSREEIRNE (BEE > UEEE @ RT) ©
Figure 1. shows the lowest sound intensity (in dB) at a given frequency (Hz) the test subject can still per-

ceive, where a 0 valueis the population average and any positive value suggests that a higher than average
intensity is required for the subject to hear the sound.

1ER T ARHKMAIRMNRERE (H2) THREBERE (UDE dB RE) » Hd 0 EEERTT
B FAEERTRAERESN FIIRERRES BSE -

A B
dB dB
20 20
10 10
0 0
10 10
20 C 20
30 30
40 40
50 50
60 60
70 70
80 80
20 20
100 100
110 110
120 120
60 125 250 500 1000 2000 4000 8000 Hz 60 125 250 500 1000 2000 4000 8000 Hz

60 125 250 500 1000 2000 4000 8000 Hz 60 125 250 500 1000 2000 4000 8000 Hz

Fig.1

B 1.

Q.15.1 What is the highest frequency at which bone conduction is tested? (Hz)
M Hz A8l > AEBEENRSEEEE D ? (LX)

Match the following conditions with the test results in Figure 1 (A-D). Indicate your answer by putting an X
in the appropriate box on the answer sheet.

LT RAEE 1 PRVAIEAER (A B D) ABfcH > B RMMERTERFPEX

Q.15.2 Old age related reduced sensitivity to high frequency.
EZFFHHAN SRRV PR o
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Q.15.3 Middle ear infection impeding the movement of the auditory bones.
MRPERRTREER T REHES -

Q.15.4 Neurological hearing damage causing overall reduction in hearing acuity.

MR NG ENERENBEREREK -

Q.15.5 Damage caused by an air horn.
ZERBIERRYRIR o
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Q16

In eutherians (placental mammals), the developing fetus and the placenta are surrounded by two mem-
branes, the chorion and the amnion. In monozygotic twin pregnancies, these membranes can be either
separate or shared. This depends on the developmental stage at which the initial conceptus splits into
two separate ones.

TERREIMILENY) (eutherians) A1 > HEPHIZMAGE R MER LR > AMERNFIR - R INLAITRT -
BEEAUSBIRRIEHE - BEUAREMIRETBEP MRS HAMEIEIZAER

Title 1

Title 4

Title 6

Fig.1. Title 1 = Day 1 Fertilization. Title 2 = Day 2 Morula formation. Title 3 = Day 5 Blastocyst
formation. Title 4 = Day 7 Implantation. Title 5= Day 9 Inner cell mass differentiation. Title 6 =
Day 12 Germ disk and then primitive streak formation.

Blolo iR 1=-F1XZB - BFE2=-F2RXRZERFTH - FTE3I=F5XKERKERK - &
4= TRERK - RES5=5 I RNMEMEE DL - 1778 6 = 5 12 KIEE (germ disk) AR NIRAR
(primitive streak) °

In each of the following scenarios (Q.16.1-4), decide if the chorion and the amnion are shared or separate.
Indicate your answer by putting an X in the appropriate box (A-D) on the answer sheet.

HEHEENEEEU TSR (Q16.14) 7> RRILHTBRB\IRES o EERME LA T D WERZRS
thE X o

Your options:

A. Both chorion and amnion are shared
B. Chorion is separate, amnion is shared
C. Chorion is shared, amnion is separate

D. Both chorion and amnion are separate
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REVEESE !

A. HE4ER (chorion) 13 (amnion)
B.MERZBEIL > FEEH=N
C.Chorion BH#EH » ¥EEEL BRI
D. A FEREF F IRERZ 2 FERY

Q.16.1

Dizygotic twins
L=k Jiiali

Q.16.2

Monozygotic twins where splitting occurred in the morula stage
BNEMPREREMMRELEDH

Q.16.3

Monozygotic twins where splitting occurred in the inner cell mass stage
EBUNEMERG - ERMMEEREREEDR

Q.16.4

Monozygotic twins where splitting occurred between the formation of the germ
disc and the primitive streak

B ONE MR TE MBI R AR L DR
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Plant Anatomy and Physiology ¥ S48

Q17

Nutrient availability is thought to be one of the most important conditions influencing stem structure. It
is believed to induce changes in the structure of aerenchyma (a spongy tissue of air channels) and the dis-
tribution of lacunae (airspaces in aerenchyma tissue). To investigate this, biomechanical parameters of
stems of two aquatic plant species (M. s. = M. scorpoides and M. a. = M. aquaticus) were measured under
low (] in table) or high (1 in table) nutrient conditions. Data were statistically evaluated and the mathe-
matical relationships between these parameters determined as shown in Tablel. (ns = non-significant,
more stars show greater significant difference).

ERERTIAMRFELBENREEMRGZ— - EO5|BERAS (ATRBENSERAER) SEHNEE
TN (BRAMSTHNZER) o ATHELIS > EERISEENEEGET > RETREKEEY (M.
s. = M. scorpoides #1 M. a. = M. aquaticus) EWEMHBEH - ER1F > (| AREEE; T KREER)
BIRE LA T - T ELEEE Y HNWEZERE o (ns= BEERMG > EZEFRTHERFTREE) °

M. | M. 1 Sign. M.a. | M.a. | Sign.
I (mm*) 0.57£0.27 0.47+0.18 ns 2.68+1.95 3.40£2.30 ns
Icor(mm®) 0.47+0.18 0.39+0.15 ns 2.39+1.63 2.96x2.11 ns
BF (N) 2.09+0.62 0.77+0.83 LS 5.35+2.03 5.98+2.17 o

Table 1. M.s. | =M. scorpoides in low nutrient conditions. M.s. 7=M. scorpoides in high nutrient
conditions. Sign. = Statistical significance. M.a. | = M. aquatica in low nutrient conditions. M.a.
1 =M. aquatica in high nutrient conditions. BF = Breaking force.

Table 1. M.s. | = {E& &£ T8 M. scorpoides ; M.s. T = &= &£ T8 M. scorpoides ;
Sign. = #RETEEEM ; Ma. | = EBE&H KRG TH M. aquaticus ; Ma. 1= SEERGETH M.
aquaticus ; BF = B/

I(M.s.) = i (1)
I(M.a.) = % 2)
Icor =1(1—P) (3)

Where:
- Second moment of area (I) = describes the geometry of the stem cross section
ERNEERIEE ()= HREET AR EZAR
Breaking force (BF)=the maximum force (F) the stem fragment could withstand before breaking
B (BF) = BEEEIRATRIAZNEAS (F)
Porosity (P) = the ratio of total lacunar area and total cross-sectional area of stem
FLERE (P) =FLRRMAEBEEEHEENEERZLLE
Icor = | corrected by porosity
REPRRREN | &
Radius of a circular stem cross section (R)
EIRYIEMEE (R)



V\) 30% IBO Chinese, Traditional (Taiwan, China) V1-41
HUNGARY 2019 Theory 2

Side length of a rectangular stem cross section (L)
EREYENER (L)

Calculate the mean porosity of the stems of both plant species for both nutrient conditions using two
significant figures for your result.

EMRBERFET » DR EMEENENTIIARE  SHEE/NHHRMUARHF

Q.17.1 Mean porosity of M.s. in low nutrient conditions

RERFRGT > Ms. IFITFLBRE

Q.17.2 Mean porosity of M.s. in high nutrient conditions
SEERYT > M.s. FITFI9FLRE

Q.17.3 Mean porosity of M.a. in low nutrient conditions
EEERET > Ma. WFEHFLRER

Q.17.4 Mean porosity of M.a. in high nutrient conditions
BEERYT > Ma. FEFLEE

Representative cross sections of the stems of M.s. and M.a. are shown below.
M.s. 1 M.a. MEENREEARE > PATFm o

Fig.1[E 1

Q.17.5 Match the following cross sections (1 and 2) with the two species (A and B, as
specified below). Indicate your answer by putting an Xin the appropriate box on
the answer sheet.

A. if the species is M. scorpoides, and

B. if the species is M. aquaticus.

W8 1 PRETIE (1F802) SEmEYE (AR B MFFATE) BECE - HERAL
B FEZEAE R o LU X ZREGE ©

A. INRYTER M. scorpoides ;

B. M1 R¥FE= M. aquaticus °
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Q.17.6 In a sudden flood, which M. s. plants are more likely to be damaged? Indicate
your answer by putting an X in the appropriate box on the answer sheet.
A. Growing on high nutrient soil.
B. Growing on low nutrient soil.
FE—IBRIARIK KA
M. s. IEE¥EMEE L TRAIGERE ? AR RALWBEEZRF » UX IR -
A ERTESERLTIES -
B.AERTEMEEELIES -
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Q18

Two transcription factors, GNC and GLK, have been implicated in regulating chloroplast development.
Three mutants with different combinations of knock-out mutations in these genes were created in A.
thaliana as follows: GNC or GLK only and GLC-GNK with mutations in both genes. These mutants and
the wild type plant (WT) were then analysed with respect to various parameters associated with chloro-
plast development as shown in Figure 1. (different letters indicate significantly different values; NPQ =
non-photochemical energy quenching, quantifies the ability of photosystems to dissipate excess excita-
tion energy, higher values indicate greater ability)

miEE Rl F GNC 71 GLK BRI RRENES AR - MR > EXH=EAAEEERFIFRRERRE
MEERZRERBINT | UL —BE > {2 GNC 8% ~ 2 GLK 8% « MUK GLC-GNK BEE - ARG S BEEL

EM4ARE ; NPQ = JEHAERRERER > BES b2 X AGFERIBS MBS RAAE ) » (AT A1) -

WT GNC GLK GNC-GLK

" Col-0 gnc cgail 1
s 12.1(2.4p ##104018). 4
: s SN
522 (4.6)% | 343(49P| 17.8(2F 77 B N s /
TN & Ly,
AN «
N\

Fig.1. i) Average chloroplast fluorescence. ii) Chlorophyll a content (ng/mm2 + SD). iii) Chloro-
plast relative fluorescence intensities. iv) Microscopic images of chloroplasts

B 1. i) FHEKBEL ) ERRaEcii) ERRBEHHEBE iv) ELBINREN
Bl

Q.18.1 Select the microscopic technique used to take the images shown in Figure 1.i
and Figure L.iv. Indicate your answer by putting an X in the appropriate box on
the answer sheet.
ﬂéil BEHAMREE 1i FME liv imEGRAIRAM - TERA LAVHEZERF > U
X3 EIJ_I;EE Y
Microscopic techniques:

A. Bright-field light microscopy
B. Fluorescence microscopy

C. X-ray microscopy

D. Atomic force microscopy

E. Transmission electron microscopy
F. Scanning electron microscopy
FRIBANT -

A. BRIZ ¢ B2 RET IR T

B. S ¢ AT

C.X SYARRafIR M

D. [RF IR AT

E. ZPB T E F RGBT

F. feha =0 E F BRI BT
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Q.18.2

Which of the GLK and GNC transcription factor families is the stronger positive
regulator of chloroplast development? Indicate your answer using the symbols,
>or<or=inthe appropriate box on the answer sheet.

7£ GLK 1 GNC B A FxiEH > BMER FHELBNE S ARGANIERZE ? T8
R ERVHREZTRD - L > ‘W < ‘W = "RRRER o

Q.18.3

Select the single best statement describing the contribution of the GLK and GNC
genes to chlorophyll biosynthesis. Indicate your answer by putting an X in the
appropriate box on the answer sheet.

BEH—ERERUAR M GLK A GNC BRBESZEVSRNER - TEFZE LN
BT > LUX REE ©

A. The GLK and GNC genes modify the expression of chlorophyll biosynthetic
genes in separate pathways for chlorophyll biosynthesis.

GLK# GNC EREEKREVERNARETF » NEEGZEY S UERARE
IHo

B. GLK genes modify the expression of chlorophyll biosynthetic genes more up-
stream than the chlorophyll biosynthetic genes controlled by GNC.

&G GNC > GLK 2RAEE LR EMRGREMESRERNERR

C. GNC genes modify the expression of chlorophyll biosynthetic genes more up-
stream than the chlorophyll biosynthetic genes controlled by GLK.

MEEGS GLK » GNC 2RAETE LR EHhRGREMSRERNRKRIR

D. The relative contribution of the GLK and GNC regulated chlorophyll biosyn-
thetic genes cannot be determined based on the data above.

RIE L8R » BORMETE GLK A GNC SREIV G REY S ERMNEHER -
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Q19

Two transcription factors, GNC and GLK, have been implicated in regulating chloroplast development.
Three mutants, GNC single-, GLK single-, and GNC-GLK double mutants were analysed for the expression
of nine genes (PSAE-2, PSAF, PSBY,CHLM, LHCA2, LHCB3, rbcL, psaC and psbA) using reverse transcription
quantitative PCR (RT-qPCR).

MIEEEKEF GNC M GLK BRI EARE S AR - (FRAYEERTEE PCR (RT-qPCR) SiT=TEEEH2 (GNCE
SREARS ~ GLK E3SREREFN GNC-GLK &358%52) Fh 9 TR A (PSAE-2 » PSAF » PSBY » CHLM » LHCA2 » LHCB3 »
rbcL » psaC 1 psbA) HIRIR o

Axis

WT
GNC
GLK
WT
GNC
GLK

b
=
|
A
Q
=
0

Fig.1. Axis = Relative expression. Note that different letters indicate significantly different
values.

GNC-GLK
GNC-GLK

1. Axis = BB RE - FETENFEAREZRNENEE -
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Q.19.1 Arrange the following experimental steps in the appropriate order and fill in the
flowchart to summarise the workflow of a RT-gPCR. Put one letter in each box.
You do not have to use all the letters. We already put letter A in the correct posi-
tion for you.

BUTERS RRRE E’JJILE}'“EF?IJ ) WIEACSRIZE » UAB%E RT-gPCR B T{EMR
12 o ﬂﬂﬂ”“ﬂ%qﬂiﬁ BFE - NERFMEFE ; 8 A BREERNUE -
A. Reverse transcribe into cDNA (complementary DNA) using reverse
transcriptase
BT E AR EERA cDNA (EfH DNA)
- B.Add primers of random sequence and DNA-dependent DNA polymerase
A INFERER5H] DNA k%82 DNA & EBRYS|F
C. Analyse the results by determining the number of PCR cycles needed for
each sample to reach a threshold fluorescence and compare these to one

another
ERECSEERMEIESCEEFEMN PCRBIEREKRINER » LiE =18
BLEE

D. Take plant tissue samples $REVEYI4B @it s
E. Purify total mRNA 48{E48 mRNA
F. Add a sequence-specific probe containing a quencher and a fluorophore,
primers for the sequence of interest and DNA-dependent DNA polymerase
NS EEREIMENEZ FFIE—MrERE > DR BZF5IF0 DNA KkFiEZ
DNA ZE&EERIS|F

- G. Measure the fluorescence intensity at the end of the PCR amplification
with a spectrophotometer
BN EHAIZ PCR B E RIS EE

- H. Purify total DNA with RNase
F8 RNase #%{642 DNA

- I.Incubate in a thermocycler under the appropriate conditions to allow for
the amplification of the sequence of interest and the release of the fluo-
rophore from the probe. Simultaneously, computationally quantify the in-
crease in fluorescence due to the fluorophore release
EBEERGT  TREREFEEUBEERERY > LIHRHEREXE - [
B > stERIEE BRI ERE G ME -
K. Create cell lysate BU{EARAR SRR

Q.19.2 Given that GNC and GLK act as transcription factors, determine if they are pos-
itive or negative regulators of each of the the nine target genes (PSAE-2, PSAF,
PSBY,CHLM, LHCA2, LHCB3, rbcL, psaC and psbA). Select the genes that are
upregulated by GNC and GLK and indicate your answer by putting X in the ap-
propriate boxes on the answer sheet.

LU GNC #l GLK fEA 88 E 7 > FIErEM¥ 9 MEZEER (PSAE-2 » PSAF » PSBY »
CHLM » LHCA2 > LHCB3 > rbcL » psaC #1 psbA) 952 [EREEI & BEE| - BEH
#% GNC #0 GLK IEZRER FYERE > WS RAR LRIBEZERD » U X BIEE -
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Q20

The following question concerns the electron transport chain of photosynthesis. Note that NADP+/NADPH
is at a higher free energy state than the manganese cluster of the oxygen evolving complex but lower than
the central chlorophyll pair of photosystem Il in the excited state.

MRS RS 1ERNEFEIESE - XX  NADP +/NADPH EER LEEEE AYME B AR S B HAERIARES -
BECTEHE AR || WhREGRENR -

Q.20.1 Put the following oxidised/reduced pairs in an order of increasing redox poten-
tial. Put one letter in each box on your answer sheet. We already put letter F in
the correct box.

BUTaIb/ERBEBEICEREMIEMET - EERENSEZRPEA—E
—7—! ; PR F BIEEIERAIZERA
A. Oxidised/reduced central chlorophyll pair of photosystem I in the excited
state
BB ZARSR | WEL/ERNPREGERY
- B.NADP" or NADPH
- C. Fully reduced/fully oxidised manganese cluster of the oxygen evolving
complex
SESYNTRER/T2E b2 e
- D. Oxidised/reduced central chlorophyll pair of photosystem Il in the
ground state
BERERZERE | NEE/BRNPREGEY
- E. Oxidised/reduced central chlorophyll pair of photosystem Il in the ex-
cited state
BEIRHEBEEZARER E’JEMI:/LF?’E’JEF'E'J%@?%J
- F. Oxidised/reduced electron carrier Tyr residue
A/ BENEFEHEZ Tyr =&
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Q21

Not all flowers use the ABC model of genetic regulation. Nigella species have spiral flowers and variable
numbers of sepals (C), petals (D), stamens (E) and carpels (F) under the control of a genetic system different
from that of ABC. In an experiment (Fig.1) Genesinvolved in flowering (leftmost column) were silenced and
their morphology was assessed. The number of each organ (C-F) was measured and results are indicated
in the bar charts (right column). Bar G shows the sum of all the numbers (C-F).

A6 IEFFA BITEERE A EEAHEERY ABC 121X © Nigella BRYTEEREN ABC RIEBRFRVIEST - BAERNeHF
SIMNTERARMENZR (C) > £ (D) » BF (E) MoK (F) - £EEY » B 1 5RBIENER (RAA)

WERLIBREMZROLE - AESERE (CF) HHE » LEREHRRERNAR - FKE G BRHFAH

F (C-F) By4aAI -

C) b 50200 C)
D) B 6122 D)l © Legend 3
WT E) BE=— 258:103 Bl o
F) B 41:08 Legend 1 F)lo Legend 3
G) NS 210:18 G) A
C) I 155£31 C) B 50:00
D)| O D) B 75:05
Gene 1 E} m=— 204189 E) =, 2792129
F) B 38:07 Genes 8 &9 F) B 43:07
G) = — 397109 G) BE=— 448133
C) s 62:04 C) | 5508
D) B 6419 D) ¢ 67:18
Genes 2 & 3 E) o E) ME=— 21194
F) HEEE- 280:65 Gene 10 F) B 38:07
G) WS- 407:75 G) IR 370107
) =3032133 C) b 255121
D)| o D)| o
Genes1,28&3 g o E) BB 197:57
F) M- 194:94 Legend 2 F) B 43:06
G) = 49.8+19.4 G) MR — 50.0+99
C) — 156+40 C) 0
D) | o Dl o
Genes 4 &5 E]} : & P4 S 01 0
enes
F) NNl— 279:129 ! FYl o
G) M — 4351135 G) IS 4242155
E}] * 51206 6482297
Genesb6 & 7
E) | o
F) ]l o 7494297

G)

Fig.1. WT = Wild-type. Legend 1 = Naturally occurring gene 1 KO mutant + genes 6 and 7
silenced. Legend 2 = Naturally occurring gene 1 KO mutant + gene 10 silenced. Legend 3 =

Countless

Fig.l. WT =348 legend 1 = RAGFEMNER 1 FIFRER + EE 6 M 7; Legend 2 =



V\) 30t BO Chinese, Traditional (Taiwan, China) V1-49
HUNGARY 2019 Theory 2

Q.21.1 Each geneisexpressed according to one of the following patterns (darker = more
expression). Match the genes (1-13) with the patterns (A-H). Indicate your answer
with an X in the appropriate boxes on the answer sheet. Each letter is only used
once!

SEEERETIERNPN—BARAKRIE (88 =-KRERL) - FEH (1-13) HiE
I (A-H) E¥ - EERMLNBEEERT > IEA X RAKRIMFNEE - BEFERE
RA—R!

Q

WA A A\ 7)) \ | )
- )

I
N (S
7)) N % H
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Q22

Venation and size of leaves are important factors influencing plant physiology. Veins can be categorised
hierarchically into four groups: midvein (1°), secondary (2°), tertiary (3°) and quaternary (4° or minor veins)
asindicated by arrows on Figure 1. Scaling between vein density (= vein length per total leaf area) and leaf
area as well as vein diameter and leaf area were determined for 500 species of dicotyledons. [e = data from
species with branched veins; - = data from species with parallel veins]

BRORBNANERZEEYEENERRE - BEIKEKERA D AM0E @ E0R (1°)  REIK (2°) ~ Z4RAK (3°) 7
PO RAR (4° 5/\IR) > NME 1 PEIFTERFAR © 7€ 500 BE FREYFER EREE - BEERETHERRE)
MEERZELLE » UREREEMEEB 2B o [BO08 = REAFNZEMNYEZHIE | ZO/
= REEATTEIRNYEZ 8E]

(o]
™~ ")
= b=-0.50 % y
<
0.1
R?=0.46-0.62
Axis 1
o o~ 1000, d
) ) &
X < .
100 " Fataurs L]
o ® BNy
2A Y »
10
0.1 1
R?=0.66-0.78"""
0.1 1 10 100 1000 0.1 1 10 100 1000
Axis 1 Axis 1

Fig.1. Axis 1 = Leaf area (ecm?). Axis 2 =Vein density (= vein length per leaf area; cm - em™2).

Axis 1 =EMEHE ; Axis 2= EiRZE (= E@mBETHEREE ; cmXcm—2)

Based on these data, a model was created (Figure 2) which is generally true for most of the species ex-

amined. It details the change of various structural features during the development of a dicotyledonous
leaf.

RIFELERE > Bieh—EEX (B 2)  BRARASHERANYE - csrliitd T8 FRERUFBETRE
BEFEEE -
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0 5 10 15 20
Axis 1
Legend 1
< Legend 2
c d B
80 >
. 6 . <
<+ 6 <>:E_< 40 /'/
© ' —
20
N W=
5 0 5 10 15 20
\ Axis 1

o 5 10 15 20
Axis 1

Fig.2. Axis 1 = Days of leaf expansion. Axis 2 = Leaf area (cm?). Axis 3 = Vein development. Axis
4 = Vein density (mm - mm~—2). Axis 5= Vein diameter (mm). Legend 1 = Cell division growth.

Legend 2 = Cell expansion growth. Legend 3 = Minor veins.

Fig.2. Axis 1 =R FRERAXE. Axis 2=EHEMR (cm?). Axis 3=EIRES. Axis 4=EREE
(mm - mm™2). Axis 5 = ZEIREE (mm). Legend 1 =4SN E K. Legend 2 = MBI R ZER.

Legend 3 = /M.

Determine the relationship between the following pairs (A and B). Indicate your answer on the answer

sheet by using the symbols > or<or=.
FIERFYIAEE (AMIB) ZMEMIRAG - HEZEML - U > “F° < ‘B “= “YEHBR-

Q.22.1 A.Vein density scaling with leaf surface area for midvein and 2°.
B. Vein density scaling with leaf surface area for 3° and 4°.
A. B EARANRARAR > FEIREENEERZERIEEH -
B. W = ARARFNOARAR > TEARE: BRI 2 FAILLE)

Q.22.2 A.Vein density scaling with leaf surface area in species with branched veins.
B. Vein density scaling with leaf surface area in species with parallel veins

A. BEEDREIRNYES » EIREENREEZBRLEE)
B. RAFITRIKNYET - BIEENFEERZEAILES) -
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Q.22.3 Identify how density of veins of different hierarchical levels change over time and
label Fig.2.c below accordingly. Match the letters below (A-D) with the appropri-
ate roman numeral on your answer sheet. Indicate your answer by putting an X
in the appropriate box on the answer sheet.
BEFERBRENR Z ENFEREREMmE » WHEFHE 2.c PPAARIMAR - &
TENFE (A-D) HERMLMNERHFRY - TEFMLABEZEEFR » XK
EEEE -

A. 1° veins
B. 2° veins
C. 3°veins
D. Minor veins

Axis 2
N

—

“ \\.‘//-I%

_t_‘.—‘ﬁn_
0 5 10 15 D
Axis 1

Fig.3. Axis 1 = Days of leaf expansion. Axis 2 = Vein density (mm - mm~2)

Fig.3. Axis 1 = B/ FRHIXS. Axis 2 = BIKRZEE (mm - mm2)
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Q23

The gene that determines red or black fur colour is X chromosome linked. During female embryonic de-
velopment one of the two parental copies of chromosome X becomes inactivated. If a female cat inherits
different alleles from its parents, we can observe the mosaicism. For example, if the maternally derived X
chromosome becomes inactivated and the paternally remains active such cells form black patches on the
cat’ scoat. Ifthe paternally derived X chromosome becomes inactive and the maternally derived remains
active such cells form red patches. (The white patches originate through a different mechanism.)

REALBREBREACHERR X REEERNER - FHEEMIREFR - MEREE 2R X a5
ZHA—EZHERFRR - MREMHEERXSRPEER T ARNSUER » RPIFTHERIEZBHRER o
Blgn > MMRBRRIFEN X REERFZEEMRAKIR X REREFAEEN > AITEENERNMEBRIA ARG
1 o MRRXARH X REEREFEMBRRIRE X RERARIEN » BIIESHVER VBRI RALE TR -
(B ERRARIRA B AEREEIEE )

You have a list of possible observations regarding the inheritance of red/black coat colour:
A. There are no smaller red spots in the middle of the large black spots or vice versa.
B. Black spots are predominantly located towards the back of the animals

C. The mosaic spots are large.

D. The red/black spot boundaries are sharp.

E. The feet of the cats are usually white.

F. The distribution of spots in different cats is very variable.

RE— BB/ EEERREEFNRIAERERIIR :

A KRERRELBB/NIVALRL 0 RZIRA o

B. BRMRM DI EMIRI AR ©

C. REUSRERBIRAIE ©

D. At/ REEEDIRFARAR

E. SHHIRNEEER &M -

F. FRESHAHRE D M EMERK o
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Match the conclusions (Q23.1-4) with one of the observations listed above. Only one letter should be
matched with one conclusion and one letter may only be used once. Indicate your answer by putting
an Xin the appropriate box on the answer sheet.

i (Q23.1-4) R A LA HNBRERHP 2 —18kY - RA—AFSRA—@EHERY Bs—EF8
QEEEA—R - TERMLEREHESEFRA” X RAKRIMAIEE

Q.23.1 X chromosome inactivation takes place during early embryogenesis.
X R ERETRIAMMIEEHAR -

Q.23.2 Inactivation of the maternal or paternal X chromosome is a random event.

BARYRAR X REBENREEEEBHEE -

Q.23.3 X chromosome inactivation is irreversible.
XHRBRAXEERBIR AR -

Q.23.4 X chromosome inactivation is a cell autonomous process, i.e. the neighboring

cells do not influence it.
XHREEIAETHBMME L > BIEMMREAEEEE -
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Q24

Carolyn does not know who the father is of her daughter Lucy. She knows that the father is one of the
five members of the Happening rock band. You collected DNA samples from the seven people listed in
the table and analyzed five (A through E) of the VNTR sequences. (The VNTRs - variable number tandem
repeats - are DNA sequences present in variable number of tandemly arranged copies in both autosomes

and sex-chromosomes) The figures in the table represent the number of copies in the different VNTRs.

RZEME (Carolyn) REIENMZ 5 EEFE (Lucy) IR o i RFIBEMZ RZHRIHRE” Happening 1ERE4E" Y
AR EEPZ— o fRIRETRARYI 7 EAB DNAEZ » WH 2T 5@ VNTR 5 (AZEI E) o (NTRs - ]
SHEHPBHEERY - SERAEEMNMLERETAGEHEV R IAVE B Z7E00 DNA F3) RHHIE

FHRERFRE VNTR a9 EE -

VNTR | Carolyn Lucy Frank Conrad Andrew Bill Lewis
A 7+8 2+7 3+3 S5+7 2+8 3+7 2+3
B 445 4+6 4 7 6 4 6
C 11 +18 9+ 11 9+ 10 8+ 13 10+ 11 9+12 9+13
D 7+19 7+21 7+ 21 9+15 7+21 8+ 15 15+21
E 6+10 6+12 6+9 9+12 17+ 17 6+12 12+17

Table1
w81

Q.24.1 Indicate Lucy’ sfatherwith anX. " X” RT-KIGHBEFANRR

A. Frank
B. Conard
C. Andrew
D. Bill

E. Lewis

Q.24.2

Carolyn and Frank have a son called Rupert. List all possible VNTRs copy num-
bers Rupert can have at the analysed VNTR loci (A-E). Treat the rows indepen-
dently from one another. If anindividual has two alleles of a specific VNTR locus,
the number of repeats in each allele should be indicated witha ‘+’ sign between

them.

RZ M (Carolyn) 3BT (Frank) B—{E M &IA4F (Rupert) R F o FIHE IR
(Rupert) ZE2 B VNTR EEE (A-E) HEIERBNABEAEHIRN UNTRIZER
o BEERYRABIL MR —EREEAEARE VNTR ERENREEVUER -

PBES—(ASUERNEEHA + fFRET -
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Q25

The EcoRl restriction enzyme recognizes the 5> G*AATTC3’ nucleotide sequence and cuts the DNA at the
“*” site. You have a plasmid preparation with billions of copies of a plasmid composed of 1.3 x 10* base
pairs. Let’ s assume that the sequence of base pairs is random in the plasmid DNA.

EcoRI [RHEIEEHIEIEA S G*AATTC3 HZEMEFYI > M1E “7 {IET)E DNA - (FE—ESHEHHEIER
HE -~ XA 1.3 x 10" SRBENER - RERBEHNNFYITTERE DNA FE2REH -

Q.25.1 On average, how many DNA fragments form following the digestion of the plas-
mid DNA by the EcoRl restriction enzyme? Give your answer rounded to the near-
est integer.

TS > EcoRI [RHIES DR E RS DNA 18 » 2 A% /ME DNA R B ? B RIEIRE
BORAKRIFINEE ©
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Q26

A single base pair deletion mutation occurred in a short gene, which changes the MATE peptide’ samino
acid sequence to MATEK. The peptide sequence is given based on the one letter codon table. You can find
the original peptide and nucleotide sequence below, but some nucleotides are missing.

F—REERPEEE —mENRKARE » B MATE MREIREREFTUZ M MATEK BEEK - SARIEEF
BEBEFRINEMKFS o R UE TEREIRGOMRMNZEEFY - BEFGRD—EZEE -

PS M A T E (STOP)

NS ATGGCTACTGAAT1234G5

Fig.1. Original sequence. PS = Peptide sequence. NS = Nucleotide sequence.

B.1. 18RS o PS = BERKED! o NS = iZEHBEFY o

Q.26.1 Give the letter of the missing nucleotides (1-5). If in any one position more than
one type of nucleotide can occur, give only one of them.
IBAREKZEENFE (1-5) c MREEFA—ECETUHRSN —BHRENZHE
B AIRERHEP—E -
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Q27

Karolyn and Fred visit your genetic counselling office. They tell you the data summarized in the table. You
aware of the fact that:

Karolyn # Fred FshRVIEEEAAMAE o tPIERFERPEZRNEN - (REIRIERNEE !
(i) the absence of patella is caused by the dominant mutation Np (Nail-patella).
BRIt ZH Np(Nail-patella) B8R EFRS|FERT ©

(ii) The Np mutant allele (and of course the Np* wild-type gene) and the ABO blood group gene (with
alleles 74, 1% and i) are inherited on chromosome 9 and are 18 cM apart.

Np REZEAER (ERBEIE Npt EEERE) f1 AB0 MABFER (DBIA 4, I8 F i) SUNE 9 WFrtaiE, H
H#EEE 18cM o

Person A Does she/he have patella? tth/ftiBE#ESIE 2 | Blood group MAYEf
Karolyn No B
Karolyn’ s mother Karolyn 891555 Yes B
Karolyn’ sfather Karolyn B9&& No 0
Fred Yes 0
Fred” s mother Fred B9 Yes A
Fred’ sfather Fred (N&& Yes 0

Determine Karolyn’ sand Fred’ sgenotypes. The alleles on oneside of °/’ sign are linked. (For example,
in case of Npi/ Np* I genotype, Np and i alleles are linked and Np* and I alleles are linked.)

FBRTE Karolyn # Fred FYEEE o /7 fHRE—AIRS AR EZEAREHAY o (B0 : NRZ Npi/ Np'™ 14
EEE > Np i HEREZEAREHE « Npt M 4 HEERZEAREHEA <)

Q.27.1 Whatis Karolyn’ s genotype? Indicate your answer with an X.
Karolyn WERZBZME ?s5H” X RERTIMMHEFE o
A NpIB/NpIB
B.NpIB/Np*i
C.NpIB/Npi
D.Npt I/ Npi
E.Npti/NpIB

Q.27.2 What is Fred’ s genotype? Indicate your answer with an X. Fred BIE R & 21+
BE25ER XN RRTMAHNER o
A.Npi/Npi
B. Np*i/ Np*i
C.Npti/Np*t 14
D.Npi/ Np*t 14
E.Npt 14/ Npt 1A

Q.27.3 Karolynis pregnantand Fred is the father. Her foetus has blood group B. Add the
probability in percentage that her child will have no patella.
Karolyn %27 > A Fred BZFHE - iR 524 B A - FEBMZFRERE
BHREE DL -
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Q28

The a, the b and the ¢ recessive mutations (with the corresponding o™, b™ and ¢* wild-type alleles) are
linked in an autosome, i.e. they belong to the same linkage group. From a genetic cross in which females
heterozygous for the a, the b and the c recessive mutations were mated with males that were homozygous
for a, b and c the following phenotypic offspring emerged (with the number of offspring):

a b chERiek EEREHENRMRE BEENFERNEERE) - EMBRERESE - {8
BREER > HPFAFa b M c BMHRENEMEREMSFEAER a b M c BHRENEERE S FETR
o > IR T UAFINREERN (RARAKEHAE) !

ab®c -40;
abc™ -12;
atbtet -3;
atbtc-13;
ab™ct -20;
atbct -41;
atbc-19;
abe 2.

Q.28.1 Whatisthe sequence of the genes? Choose the letter of the correct sequence! T
S E B E=EERNRF ? EEEREEYIRFNFE !
A. a-b-c
B. a-c-b
C.b-a-c

Q.28.2 Indicate double recombinant offspring phenotypes with an X, and all other phe-
notypes with 0. FB” X* RERTEERZHMBLINRE > B” 0 RERTFAAHCM
RYIMRE o

Q.28.3 Determine in cM units the distance between the given gene pair. Round your
answer to the nearest integer.
M cM BB RREGTERRS 2 BVEEERE - MR BRHREIZESERRE
b-c
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Q29

A solution of linear DNA with billions of copies of the same sequence was distributed into eight equal
samples. The samples were digested with the restriction enzymes as indicated in the top of the figure. All
samples were loaded on a gel for size determination by gel electrophoresis. The figure shows the results
of gel electrophoresis. The numbers give the number of base pairs (in thousands) of the fragments. Please
construct restriction map (also called physical) of the studied DNA by placing the so-called restriction sites
of the three enzymes on the line on the answer sheet The restriction map shows potential positions (boxes
above the line) of the restriction sites (i.e. the positions where the restriction enzymes cut the DNA). In-
dicate which box represents which restriction site. Not all box represents actual restriction sites! Please
notice that one of the bands in the ” All three” lane is twice as thick as any of the others. All digestion
was complete.

s BAHHEE B ZEEFTIBERE DNA AR DK E 8 ERENEMT - BERAERWEZ BT ZIR
HIEGEITIIE] > B LUK DNA R ERRVEe R B 8 (U TR EA) - SAESFA LAV LINE = ZRFIERIIRS
ESUNE (IR SR ZMEFRAZE 2 DNA BIIRBIESLIEI (thAB AR 1E) [Bl5E - PREES L) 2 E5E BEm PR B ES ) 3 (I RERY
BEME (R E75H9E) (BNERFIESL]E DNA BI(IE) o 35 HIMME S ERTIBEIREIES ) EI (137G - WIEPRA 5 1EHR
RREFRRFBESTZES | FEE > £ 22" BEFN—EREHEERHMFERNME o FRATIEIERTER T °

T
o~ o =~
sy
D NG
g2 & B
88
b S DTN\
"-_‘
cEEESE »
1K<—+ —
13— —
l..._" —
l{’)—«) —
0 — —
8 — — — — E
&~ - p—
53— — —
4 — — —
- — p——
95 _— R

Fig.1. U=Undigested. A=All three. L1 = Pockets. L2 = Direction of gel electrophoresis

B.1. U=RIJE| - A= ZE=1E o L1 =[N o L2 = BB EIXRI M
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Q.29

Indicate which box represent which restriction site. Use the following notation:
E -EcoRl restriction site

H -Hindlll restriction site

B -BamH]I restriction site

X -no restriction site here

5 IRE 7S HE AR IME R FIES IR (LRS - ERAMUTRTE !

E - EcoRI PRGBSI 24

H - HindIll BRHIBS LI (124
B - BamHI PRI EE LN E I B,
X - S4B A RAIE IR 2,
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Q30

DNA constantly accumulates mutations both during development and adult life, therefore several path-
ways exist which are meant to repair these damages. People with mutations in an autosomal gene en-
coding a DNA repair enzyme acquire more mutations in all chromosomes, including the X and Y chromo-
somes. However, the Y chromosome has fewer essential genes compared with the X chromosome. Three
hypothetical couples are presented on your answer sheet.

E1EEMRE > EREFMARGRELEE TESHRE » GIEE XY RG5> X REEEL Y 6ER
BELHBFER - ERNERBELAZHRROKXE -

Dr=homozygous mutant individuals, + = wild-type, M = male, F = female.
Dr=[EEEFREER > +=FE8 > M=t > F=iitt o

Q.30 Indicate the expected relative number of female (F) versus male (M) offspring
these couples may have surviving into adulthood. Use the following symbols in
the cells provided: =, <, >.

IEHE=ZHXFAEFEEEIRERNLZM (F) BEM (M) BRNTEHRERSE - ET
SRR E TP ERUTRIR (=2 <> >0
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Q31

The introduced black pines have displaced some dolomite rock grasslands in Hungary. Due to the shad-
owing effect of the pine trees and to the substances leached out of the litter layer, these pine forests almost
completely changed the originally rich flora of rock grasses. In the Oth year of the experiment, forest fires
devastated black pines in the Buda Mountains. Researchers wanted to find out whether the original rock
grass community would be restored.

SENEMBEETAFFIRA—ERERER - BIARNERMRNRGESEEEPRUENYE » BLENRM
RIREERETRGEENELEREE - TERNE 0 F > HFMAKER T HELIRKBIER - REAEFE
THRFEENEEERHARTSRLERE -

Number of species (Figure 1A) and % coverage over time (Figure 1B) was measured. Sites in the burnt area

on the North (N) and South (S) slopes of the mountains and also natural rocky grasslands as controls (NC
& SC) were compared. They monitored the areas (except control) for 10 years.

iR EYFERL (B 1) FIFEFRRECAIBE R %([E 2) - 7ELLAYIE (N) A7 (S) WAVEEEEREAEER (NC\ #
SC) WRAEAERBBMBLETT 7 L& - tPIETAIZE (RSN RIEZEL0F o

A B

60 140
120 A -
100 B/ \E\—B/ N
-
. —t |z e
o~ o™
) v 60 o S
< < 4 /\Vﬂ ~e |[|& SC
ol X
0 0 —/ f
1 2 3, 4, 5 10. 1 2. 3. 4. 5. 10.
Axis 1 ’ Axis 1

Fig.1. A = Average number of species found in the sampling squares. B = Average cumulative
percentage of the area covered by plants. Axis 1 = Year. Axis 2 = Number of species. Axis 3 =
Percentage

le MEABHPKINEIYESR B2 B EBEEEENEHIEBE o AXisl = F o
Axis2 =72 (pcs) © Axis3=E9tE

During the process researchers could detect different changes in the composition of plant community,
which is shown in Figure 2.

FEULIBIZ » FAZE A BRI LURRAI ZIEM B SRR RIE1E > Y0E 2 Fim o
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Fig.2. Composition of Plant Community. Axis 1 = Sampling sites and years. NC = northern
control area. SC = southern control area. G = Economical plants (mainly black pine here).
GY = Weed plants (heavy disturbance-tolerant, often invasive species); TZ = Natural (weak)
disturbance-tolerant species. TP = Pioneer species (first colonialists on the parent rock). K=
Accompanying species. E = Dominant species of the community. V = Protected species

3o EWBEEBVAERL o B 1 = FRARBEFF D o NC = IEZEHIE - SC = IZEHI & - G = KBIEKHE
¥ (FEREM) - GY=MERY (EEHEMN  BERARYE) ;TZ7=82 (§85) NEE-TP=
FEEIRE (B LRSS —HMIRTEEYD) - K= FEYRE  E= 8RN EYE - V= ZREWE

What can be the cause of the species richness drop between year 5 and 10? Indicate with an X if each the
following statements are true (T) or false (F).

5% 10 FREMEEEE FTENRESMA 2 5HTIREAmESE (T) =R (F) > AXER

Q.31.1 Theinvasive weeds suppressed the native species.
AFIEREEHE] T At & o

Q.31.2 The competition between the plants grew stronger between year 5 and 10 so the
weak competitor species have disappeared.
EMRENFFEE S B 10 FRESERI > FItSEmIFMERIHEK °

Q.31.3 The soil ran out of nutrients which caused a plant biomass decrease which
caused the decline of the species number.

TIERRZEBYE - SRUEMEMERD - EMERYERTE -

Q.31.4 The main cause can be the almost complete disappearance of weeds.
FEFRATTRERHEXR T TTEHK
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Q.31.5 The cause of the decline in species number is a stronger competition between
plants than in natural grasslands.
B TN REEREY NG R LLRIAE M ER o
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Q32

Population dynamics models can be used to predict changes in population size. The Beverton-Holt model
assumes discrete (not overlapping) generations. The model is given below:

TR ENRASIE Y v] A TRAIRE R KBV o Beverton-Holt HREURE DBE (FEE) 1€ o ZAREWMT !

BN,

Ny =t
t+1 1 +OéNt’m

N,: The population size (number of individuals) in generation t.

Nt : € t PRVEREE R/ (EREEE)

N,..1: The population size (number of individuals) in the next generation (generation t+1).
Nt+l @ F—RB&EER/) (EREEE) (Ft+14) -

B: The maximal growth of population size per individual.

B IREFTIIERNERIERE

a, m: Parameters that determine the effect of population size on per-capita rate of increase.
a, m ! REWREHREF I ERERENSH -

One of the advantages of the Beverton-Holt model is that it can describe both exponential and logistic
growth (growth which slows to a plateau) depending on the value of the parameters.

Beverton-Holt RN —EEMEEAIURBESHNVEREREINTIER (ERIMERKEIBR) -

Q.32.1 You can change the model to produce exponential growth by setting only one of
the parameters B, o or m to a fixed value. There may be more than one option for
this. State the parameters which must be fixed and the value or values they may
take. Find all the possible parameter sets. Write the letter of the parameter(s)
to column A and the value(s) to column B in the table in the Answer Sheet. Mark
any potential unused cells with an X.

ROl EERXTEHP—EZR2E B a m BREMEREUELISEME c E0I6E
ZEFEIR o RPAVBEEEN2HUKREREMAIEREANE o KEIFFERENS
HAES - BB AAEDIIERETERZRS LHNRP AN BT - A X FHE
AR SEE{ERE RV E TTAR ©
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Q.32.2 The equilibrium population (N,,) is a population size which remains constant
with time. How can the equilibrium population size be calculated using the
Berverton-Holt model? Indicate your answer with an X.

HREESTE (Neq) B—ERBHNHETETAREAANERFIEE - WNEIER
Berverton-Holt &RE Rt B EIREF R/ ? BB X RNfRRVBE ©

m|B—-1
A. Neq = T
"Ny

B. Ny = %
m’a+1
C. Neq - T
B-1
D. Neq = T

atl

E. Neq = (T)m
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Q33

A dolina is type of sinkhole common in Hungary home to important species. The goal of an experiment
was to determine how the size of the dolina affects species richness in the Mecsek Mountains (Figure 1)
and Aggtelek Karst (Figure 2). A = all species. B = Beech forest species (like average temperature condi-
tions with plenty of rain). C = oak forest species (like warmer and drier conditions). D = cool environment
specialists.

Dolina B FE RN—RE Al » hBHZEBYENRE - XBRNENEE T dolina UK
NNEFSE Mecsek LAK (B 1) # Aggtelek Karst (B 2) B9¥TEEEE - A=FrEYE - B = ILEEMIE
(ITRIFGRAREMRER) o C=BEME CREMIZIRRIRE) D= 15RBRERSIRIERYE

2.5 -
A
2 4
B
1.5 C
N
%)
=~ D
<
0.5
0 . ; : : . : .
1.5 2 25 3 3.5 4 45 5

Axis 1

Fig.1. The correlation between the area of the dolina and the species richness in the Mecsek
Mountain. The values of the axes are in log, transformed. Axis 1 = log area (m?). Axis 2 = log

species richness

olodolina @ Mecsek LLEYEEEE ZFRAERMMY - 1A EE %R loglo WE1L -
Axisl = &1 (m2) o Axis2 = HEiELR
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2.5

3 3;5 éll 4;5

Axis 1
Fig.2. The correlation between the area of the dolina and the species richness in the Aggtelek
Karst. The values of the axes are in logl0 transformed. Here the oak forest and cool-adapted

species are not shown separately, because there was no significant correlation between their
species richness and the size of the dolina. Axis 1 = log area (m?). Axis 2 = log species richness

2 o Dolina E#& £ Aggtelek IS BB S E E Z M AER Y - BAEHF loglo E1E -
BEMIRS ERYTE » ZILRER B BREAT 0 AR MRS EEMN dolina WANZEERE
BEERIFERE o Axisl = HEIEH (m2) o Axis2 = ¥ EifELE

Indicate with an X if each the following statements are true (T) or false (F).
IBHUTRIMEEAER (T) IR (F) > BXFERo

Q.33.1 In the Mecsek Mountains the number of cool-adapted species grows faster with
increasing dolina size, than the number of all species.
7 Mecsek L& » BRERSYIENEEREE dolina ERRRVIEH > EPFEYREMEL »
HEREBER

Q.33.2 According to the data below a certain dolina size, no cool-adapted plant was
found.

Q.33.3 The proportion of beech forest species relative to all species increases with in-
creasing dolina size in the Aggtelek Karst.
EFS SRR EIRHTE - (IERMYBBH A YRR LLFIFEE dolina ERR
Y@ o

Q.33.4 The number of beech forest species compared to all is affected by dolina size but
not by geographic location
WERFMBENHEEAFRENYEMELL > 2% % dolina AR E » (BEIMIBE(]
B

Q.33.5 Regardless of size, every dolina plays an equally important role in conservation
of rare plant species.
wmsm A/ NINMAT > B1E dolina EIRERHERE S BN EERAKEENASR -
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Q.33.6 Most of the examined Mecsek Mountains dolinas are in oak forest covered areas.

KERDHEIEIRAY Mecsek Mountains dolinas EEig M B EME o

Q.33.7 According to the data, the bigger dolinas have positive effect only to the cool-
adapted plants.
ARSI - 8RR dolinas (E¥UR /2 EREEYM B ERERA °
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Q34

Scientists studied how abandoned agricultural fields become mature grassland through succession. They
studied lands which were partly colonised by species from surrounding natural grasslands. They classified
the plots of lands into those colonised mainly by grasses which dominate natural grassland (D), those
colonized mainly by grasses which are subordinate in natural grassland (S1), those colonized mainly by
subordinate dicots in natural grassland (S2), and those colonized mainly by alien weeds (A).

PP ZARREZN RN AEBRENANANER o FIAE T REERARRYELIRIEN LM o i
PG ELE T MEBLER D TEMRRAEM ETEMNUER (D) HENLIH > S1 TEMRAEMREERE (S1)
RIER L > S2 TERAMRATEM EBREVENE FEEY (S2) AN - AXTZRINRHEE (A) #HE
Aytith o

For different types of land they measured the following values:

Hib 484 > tPIRET (B 1) :

(a) Diversity of species
(a) MBS

(b) Equitability (evenness) index: The lower the value, the bigger the difference between the abundance
of the different species. An index of 1 indicates equal numbers of individuals from all species.

(b) FFE (99%F) B8 BHE  FEAVEEEZENEREX - 584 1 RRBFMAYENERHE
R

(c) Similarity (Bray-Curtis): Measures how similar the abandoned land is to natural grassland based on the
abundance of the species.

(c) #BUE (Bray-Curtis) : \RIBMENSERE » sTERERIHER AT AELEZE -

2L

B =
¢ M+ N

BC: Bray-Curtis similarity

BC : Bray-Curtis 8Ll

L: Is the sum of only the lesser abundance (in this case coverage) of the species found in both place.
L: mEt5ENEEEYE (ELLBERTEIEEEEHE) 4N o

M: Total abundance (coverage) of species found in the first community.

M: B—EEPYENREEE (BEX) -

N: Total abundance (coverage) of species found in the second community.

N B_EREPYENBEEE (BEX) -

(d) Similarity (Sorensen): Measures how similar the abandoned land is to natural grassland based on the
presence of the species.

(d) #8LIE (Sorensen) : IRIEMENFERS » ABERLtEXAEMPBLEZE o

2a

Ss= ————
5 2a +b+ ¢
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SS: Sorensen similarity

SS @ Sorensen Rf@FFIELIE

a: the number of species found in each community

a ! BEFSEPERNYEH

b: the number of species found just in the first community

b : EHIRTEE AR ERIIER

c: the number of species found just in the second community

c . EHRES ZEEENYREH

(2)**7 _ (b) '
0 o " a a8 a
a
0R 4 el a8 i
I L A
4 | oo
w " . W . -
>0 = = il
< 4 - ity " .
034 0.3
oz ]
IR ]
. D 51 52 A ' D 51 52 A
Axis 1 Axis 1
{c) ® d}
f: |
el
b
0.4 +
= LM ] by
ﬂ L "'_ﬁ 1
= . a 3¢
< =L
L ]
il L =
o ¥
= - ]
o 51 52 A o o 51 &2 A
Axis 1 Axis 1

Fig.1. The measured values for different land types. (Values for a, b, d between 0-1, for ¢
between 0-100%.) Letters above bars indicate statistical significance, where two bars with
same letter are not statistically different, but different letters are. Axis 1 = Groups. Axis 2 =
Species diversity. Axis 3 = Similarity (Bray-Curtis). Axis 4 = Equitability. Axis 5 = Similarity
(Sorensen). D = Species that are dominant in natural grasslands. S1 = Subordinate grasses in
natural grasslands. S2 = subordinate dicots in natural grasslands. A= alien weeds

loe AELMBEERAEE (a>b>dBERE 0-1 2> B c 7 0-100% Z fE o) &R
ENFERTMRAEZ S - AREAERFENMERPERS LRAEE - BERTENFEA]
EHEE oW 1=8F o B 2= ZIRSZARM o B 3=48UE (Bray-Curtis) @ 4= FF % o @ 5 = BLIE
(Sorensen &f&FR) ° D= TRARRHF S EEMUMNYTE © S1 = RAERH SEREMANERE - S2
= RABFRRBREBYENE FEEY) - A=INREE
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Indicate with an X if each the following statements are true (T) or false (F).

EH TR AIEAR (T) R (F) » AXFKRM o

Q.34.1 In grasslands the species D as a dominating species supresses the others more
than S1and S2 do.

D MEERER LB S MG HMYTE » ©f TS > ABRE S1M S297%E -

Q.34.2 In this study grasslands dominated by alien weeds (A) had lower species diver-
sity.

TEEIEMZEH » DUMREEATHNER (A) NYBESHRMERE -

Q.34.3 Results show, that in alien weed (A) dominated communities only few species
have high abundance, and all the other has very low compared to the other com-
munities.

MEREET O SMNREE (A) LEZMESESHEEMBSENAL  REVEYEAESE
BE > MEMYEIERE -

Q.34.4 Based on abundance of species, the D species dominated communities are def-
initely more similar to surrounding natural grasslands, than S1 and S2 commu-
nities.

ERWEEEE > DYEXERIEFEE S1 M S2 BH55M8EE » HEIFENRARE ML
SRR o

Q.34.5 The (c) and (d) graphs show that among these communities the S1 and S2 types
are the most similar.

(c) M (d) EIREET > EELEED > S140 S2 FHERARMLL o

Q.34.6 There are communities with no common species with the surrounding natural
grasslands.

BLEHZREBENRAEFR B HENYRE o
Q.34.7 There are some S2 communities, which have only some rare common species

with the surrounding natural grasslands.
BE—E S EREFRNRARRAR ) IE—EXRNERYE -
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Biosystematics ¥R D EEE

Q35

The following question is about nutritional strategies and levels of organization in Eukaryotes. XA &
EEREZEYRERREMERNER

Q.35 Write the numbers of the species or group of living organisms listed below (1-8)
into the appropriate spaces of the figure on your answer sheet. # F5|¥EH 4
YERRERYARSE (1-8) HHAZHRMALBFNEEZER o

1. Amoeba (Amoeba proteus) E BV &2 55

2. Chlamydomonas (single-celled green algae) in the presence of light BB TRIEME (BAEMLEE)

3. Baker’ syeast (Saccharomyces sp.) it FRIVEE &

4. Nitrifying bacteria, which rely on the energy deriving from oxidising nitrogen containing inorganic com-
pounds for fixing/reducing atmospheric carbon dioxide. B4R » ERBIRREATLTEZEBRIESYH
BEEZREE /B RRPN_RIEH °

5. Fresh water sponge 3 7K;547

6. Bacterium causing pneumonia 5| 25k BOARE

7. Sporophyte of ferns (e.g. Pteridium sp.) BREBAYFA T 52

4+

8. Protonema of mosses (e.g. Sphagnum sp.) 8 EHR4452

Fig.1. A= Eukaryotes. B = Heterotrophs. C = Chemotroph. D = Multicellular, but below tissue
level

l-A=HEZEY -B=RELEY - C=-LREELEY -D=ZMR > BEXREBREEARE
R



V\) 30t IBO Chinese, Traditional (Taiwan, China) V2-23
HUNGARY 2019 Theory 2

Q36

A Hungarian research group examined the diversity of biochemical processes of a group of fungi called
dark septate endophytes (DSE). They used api-ZYM, a biochemical assay for detecting the activity of en-
zymes, the results of which is illustrated in Figure 1. They want to use these to create an identification key
based on the enzyme activities of the species.

—{E ) SRR ST/ MVERR ST T — B U MBS IRAE N AR (DSE) MERZECIBREZ KM - MifIER api-ZYM > —

EAREAEEERNECD T > HERNE 1Fim - tfIFEREBEEYENEEERER—EEERANER
*o

il
i

:
i

Cadophora sp. DSE1049 - —l
Plectosphaerella sp. REF‘IGB—l

Eurotiales sp. REF165 -
Helotiales sp. REF052 - - -

Fusarium sp. REF210 -

P. macrospinosa - - -

Embellisia sp. REF146
Curvularia sp. REF156
F. fulophazii ----==---

Alfernaria sp. REF104

S. terrestris
A. patris --
D. alpha --

R. vagum
M. bolley

Alkaline phosphatase
Esterase (C4)
Esterase lipase (C8)
Lipase (C14)

Leucine arylamidase

Valine arylamidase

Cystine arylamidase
Trypsin

a-Chymotrypsin

Acid phosphatase
Naphtol-AS-Bl-phosphohydrolase
a-Galactosidase
B-Galactosidase
B-Glucuronidase
a-Glucosidase
B-Glucosidase
N-acetyl-B-glucosaminidase
a-Mannosidase
a-Fucosidase

(o T 1 [z e
Fig. 1. The phylogenetic tree and the measured enzyme activities of the examined fungus
species. The darker color shows stronger enzyme activity. (As shown below the table: 0 -no
enzyme activity, 5 -maximal enzyme activity.)

L AMELEBNMBEGEREYENEEE FAeBRBEARBELERR . WTRAT:
0 R AEEN > 5- RAIEEEE o)
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Q.36.1 Which enzyme’ s activity gives us no information about identifying the exam-
ined species? Indicate your answer by putting an X in the appropriate box on the

answer sheet.
BRI EM R AR ERECRIERYENEM ? EZRELNEETRH » I
X ZR&5E ©

A. Esterase (C4) fisis (C4)

B. Valine arylamidase #i&1 s S EMKES

C. Cysteine arylamidase ¥t & REAES
D. Acid phosphatase E& M i ELES

E. p-glucosidase B- B & HEEES

We created an identification key for some of the examined species, but the names are missing. The roman
numerals indicate the species in the key.

BMADSERERNYERIL TRERR > B LEALEYENERE - EEHFIRARBRERTNYE -
1. a) The leucine arylamidase activity is very high (5). Go to 2.
b) The leucine arylamidase activity is lower (0-4). Go to 5.
a) BERIENRBIEMIEES (B) c B2 20b) BREIEIBHIEMERE (0-4) - EE|50
2. a) The B-galactosidase activity is very high (5). 1.
b) The 3-galactosidase activity is lower (0-4). Go to 3.
a) B-HINEEEAVEMIEES (5) ole
b) B-FIIEEEAVEMEIE (0-4) - BH 30
3. a) The esterase lipase (C8) activity is high (4 or 5). Il.
b) The esterase lipase (C8) activity is lower (0-3). Go to 4.
a) BefAsEE (C8) RUEME (43K5) o
b) EeEgAsEE (C8) AUEIME(E (0-3) - #EF| 4o
4. a) The a-galactosidase activity is 4. ll.
b) The a-galactosidase activity is 1. IV.
a) a- FIMEEEOVEER 4. 1l
b) a- FIIEEREMS 1. IVo
5. a) The B-galactosidase activity is very high (5). Go to 6.
b) The 3-galactosidase activity is lower (0-4). Go to 7.
a) B- FIEEHRAEMIEES (5) cBH 60
b) B- HFIEEREAVEMRIE (0-4) - BH 7o
6. a) The a-glucosidase activity is 3. V.
b) The a-glucosidase activity is 4. VI.
a) a- AEMEEAEMLS 3.V
b) o- BEVEERAVESES 4. VI °
7. a) The N-acetyl-3-glucosaminidase activity is 5. VII.
b) The N-acetyl-3-glucosaminidase activity is 2. VIII.
a) N-ZBE -B- & MERLEERYEM % 5. VIl o
b) N-ZE -B- BEVERZEEREMSS 2. VIl ©
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Q.36.2 Match the roman numerals in the key (I-VIII) with the letters of the species below
(A-L). Only one species (letter) belongs to each numeral. Indicate your answer
by putting an X in the appropriate box on the answer sheet.
BERRPNESREF (-VII) BTHME (A-L) ¥ - SEHFRE—EYE (F
) o EERM LENBEEERD » UXKBIEEE -

A-D. alpha

B -Fusarium sp. REF210
C -Helotiales sp. REF052
D -S. terrestris

E -Altermaria sp. REF104
F -Curvularia sp. REF156
G -A. patris

H -Embellisia sp. REF 146
| -M. bolley

K -Cadophora sp. DSE1049
L -R. vagum
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Ethology {TA4%REEE

Q37

Cuckoos lay their eggs in the nests of Hungarian songbirds which unwittingly raise the cuckoo hatchling.
Host parents will destroy a cuckoo egg if they notice it, but cuckoo eggs look similar to host eggs.

HEEFABERYIFNNREREPEN  BRESHES THENS - BEXESNREITIMNGHERILS
R > (EAARIREERELF E INAEM -

Scientists painted eggs of Reed Warblers (a common songbird in Hungary) to look like cuckoo eggs. The
different treatments are described in Fig 1.

MBRFHEZRRIINER LI - REREEREENE 1 Fim o

Scientists counted how many eggs the Reed Warblers destroyed. (Fig.2) In control nests, there were no
rejections. Inthe “parasitized” nests, the warblers rejected some of the eggs. Most of the rejected eggs
were painted, but sometimes the birds rejected their unpainted eggs also.

MBZAAECHERTZ O (B 2) - EHREPR > RARIFRN - £ “RRFE" N8P FEBHFRT—
LE0R o KB HARHFFBIOR ERE T RE] - BAREB O SRR LRAEIBIN o
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Tr. 1a b
0.0 Legend 1 ... Legend 1 "
_
O~ 0 o0
Tr. 2a Tr. 2b
... Legend 1 0.0 Legend 1
- 5 e
( 0
3
.. Legend 2 .
. . Tr. 4
Legend 2
o% :
Tr.5
O .O Legend 2 R
070
| I | |
AXis 3 6 9

Fig.1. The schematic representation of treatments (Tr.) applied. White eggs denote unpainted
( ‘host’ ) eggs, and dark eggs denote painted ( ‘parasitic’ ) eggs. Monitoring periods after
parasitism (3 or 6 days) are also shown. Axis = day of clutch completion. Legend 1 = 3d
monitoring. Legend 2 = 6d monitoring.

B 1REREE (Tr) RSB - BNERRAKRLREHN C BF ) > RIFRTRRE (
FE ) I WEARTHE®R Gm6X) WEAM - #=-TCHEENHNBF -BR1=3d &
A o Bl5R 2 = 6d B
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Title 1 Title 2
% (15)
50 H
(13) (19)
h-o.
= (35)
< 5.
- (27)
(10) . (12)
O —
Legend 1 Tr. 1a Tr. 2b .5 Tr. 2a Tr. 1b Tr. 3 Tr. 4
Legend 2 early late early early late early late
Legend 3 3 3 6 3 3 6 6

Fig. 2. The rejection rate of the eggs (y axis, %) in each treatment (x axis). Title 1 = Single
parasitism. Title 2 = Multiple parasitism. Axis = Rejection rate. Legend 1 = Treatment. (The
numbering of the treatments is the same as in Fig. 1.) Legend 2 = Start of experiment: early
= immediately after clutch completion, late = 3 days after clutch completion. Legend 3 =
Monitoring period (days).

B2 B8R x#) REPINNHFEFE YE#H \% RELI=BRFLE -RE2=ZRF%-
B = HFFRE o [B5R 1= BRIFERIE - (RIEARITEAR 1 *ﬁﬂ ) lﬁﬁ = BERMG FH=-ENES
Ko BHA=EIR X -ER3I=EAH (X -

Based on the information above, indicate with an X if each of the following statements is true (T) or false

(F).
RIE ERER > R TRURAERE (T) SR (F) » BX®R e

Q.37.1 The rejection rate is higher during the earlier stages (5-8 days), than later (after
8th day).
REERH (5-8K) &iEH (F8X#E.) -

Q.37.2 Adding one parasite egg early increased the rejection rate for later parasite eggs.
EHRRII—EF £ &G NEHEATE T HOPRIHEFR o

Q.37.3 The probability of the host ejecting its own egg is higher in the later period, than
during the egg laying period.
BEEXHFRE CINMBIRER SN EIN

Q.37.4 The later the cuckoos lay their eggs, the higher chance their offspring have to be
rejected.

HASEEIRAREE > thFIR R AU RBYRTAEMERLARK o




S
=< 30*"IBO

HUNGARY 2019

Chinese, Traditional (Taiwan, China) V2-29
Theory 2

Q38

It can be difficult to determine the strength of natural selection on traits in wild fish. Scientists measured
the length of Atlantic silverside (Menidia menidia) before winter (dark bars) and after winter (grey bars),
in three different locations. Assume that changes in length can be attributed to differential mortality.

BEFEREERNRIFLREIESTE —ENHE - HERELSTH (RFH) MEFER (RMF) > E=EFEN

EERIE T AFEFIRER (Menidia menidia) MRE o RRABRENS(CATRARIETENESR o
Col 1 Col 2 Col 3 Col 4

Col 3A Col 3B
Nova Scotia (NS) | #4°40'N | 3¢ ions | 3mmiow | 250
New Yok (V) | 445N 350dioss | rsaprioss | 175
South Carolina SC) | 320N 5N oss | om0 |12

Table 1. Sample sites of the experiment. Col 1 = Site (State). Col 2 = Latitude. Col 3 = Sample
dates. Col 3A=Autumn. Col 3B = Spring. Col 4 = Winter duration (days)

K1 EEEEEAMEEHEL o Col 1 = Site (State). Col2=#FE. Col 3=H#HEHA. Col 3A=
=, Col 3B =FZ. Col 4 = £=HiR] (days)

The results of the two years and three sample sites are shown in Fig. 1.

SR = B RE B R ST A5 SRANE 1 s o
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Title 1
1.0 by NY 1.0 ) SC
0.5 0.5
0 0
0.5 03
1.0 1.0 j
~J 40 60 8O 100 120 40 60 B0 100 120 40 60 80 100 120
2 Title 2
<E 1.0 e) NY 1.0 ﬂS(“
0.5 0.5
0 0
0.5 0.5
1.0 1.0
40 60 B0 100 120 40 60 B0 100120 40 60 8O 100 120
Axis 1

Fig. 1. The size distribution of Menidia menidia in the three sample sites (the meaning of
abbreviation is shown in Table. 1.) The dark, upward bars show the autumn results, and the
light downward bars show the spring results. Title 1 = 1987-1988 Menidia populations. Title
2 =1988-1989 Menidia populations. Axis 1 = Total length of Menidia (mm). Axis 2 = Relative
frequency of Menidia.

B 1° ={E# 2 Menidia menidia W X/NDf EENSERWNER 1R - 2EHEEEETR
MELR > MABEATIRBETESER o Title 1 = 1987-1988 Menidia i&E# o Title 2 = 1988-1989
Menidia #&&% © Axisl = Menidia & & (mm) ° Axis2 = Menidia BUtB%HEE

Based on the information above, indicate with an X if each of the following statements is true (T) or false
(F).
R LA FIBIA TR EEAER (T) HfBR (F)  BXFRTR e

Q.38.1 According to the results, the 1987-88 winter should be colder in New York (NY)
than the 1988-89 winter.
RIFAELER - 4B49AY 1987-88 LFFELLL 1988-89 KFEFE L

Q.38.2 The longer and colder winter results stronger selection against smaller speci-
mens.

LFEMRXESBERES/ NN AN EEERLBEaANRIZES -

Q.38.3 Size may affect the success of migration, which can help survival.
BRA/NIREEREERNNT)  EBRMERE -
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Q.38.4 Thesmallersized fishes of the species have bigger chance to survive unfavorable

conditions.
BRI WAEEEARNKEEAFTNEG TERF -

Fig. 2 shows the relative rate of survival at two sample sites in two different years.
2 B T MEARRIE A M B A BRI AR S FIEE o

1.0k 1.0k B
0.8k ” 0.8
N L o
@ 0.6k , ” 0.6F
o
Z 04f o 2 04p
v
02 02F
0 1 0 L
40 100 120 40 60 80 100 120
Axis 1 Axis 1

Fig. 2. The relative survival of Menidia as function of the total length (body size) from two
sample sites. The solid lines indicate the 1987-88 year, while the dashed lines the 1988-89 year.

Axis 1=

Total length of Menidia (mm). Axis 2 = Relative survival of Menidia

2o MEH AR Menidia WHHEFIXEERE FBH) BBEE - B4RFR ™ 1987-88 &F »
TMEARZRT 1988-89 4E o Title 1 = B4R A ~ Title 2 = B4R B o Axisl = Menidia B9EEE (mm) ° Axis2
= Menidia HEHTEER

Q.38.5 MatchthecurvesinFigure 2 (Aand B) with the samplesites. Indicate youranswer

by putting an X in the appropriate box on the answer sheet.
15E 2 (A B) ARVBRAREIRASBAVCAD - X ERE LAVERERE A X RERAMH
22 o
Nova Scotia = NS ¥iififl &4
New York = NY 4B%4Y
- South Carolina = SC EFEZEHH

END OF THE THEORY 2
R _RIBRAE R




