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GENERAL INSTRUCTIONS —fi% &% A

1. Your exam is composed of seven topics.

R ED ML RER

2. Your exam is composed of three types of questions:
R GHNEB D & 1B aE
e Multiple choice questions #ZEiEzE
e True / False questions ZIERE
e Matching items questions AC¥}#8

3. The students are not supposed to use words to answer the questions, only codes
of letters placed in the appropriate locations in the answer sheet.
AREAXFREZ[E - REAB BN EESZA LNWEREE -

e Multiple choice questions should be answered by selecting the correct answer
on the Answer sheet

EEENEXACEES LEH I ERER

e True / false questions should be answered by selecting either a “T” for true or
an “F” for false on the Answer sheet

EHRENERRACEZEZA AT FRERE - ‘P ARER

e Matching items questions should be answered on the Answer sheet by
selecting the appropriate letter in the key provided in each case

HERAESEMA LEABEEMRHEBNEE FEREIZE

ENJOY AND HAVE FUN!!!
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I. Cell Biology #Hi ff14= 1) £3

Q1

To trace the path of a secretory protein from its synthesis to its export from a cell, suppose that
you have added radioactive amino acids to a culture of cells, and then measured the amount of
radioactivity that shows up in the proteins of each of the following cell fractions at different times
after addition.

| — secretory vesicles
Il — Golgi complex

Il —rough ER

IV — nucleus

Q1
A 7EHARA—EIVEERENRE MEELRRE - BERIRGHANE R ER N2 A1 e
BEEY  RBEASEMZEARRER - LIREL NEEANEBBERIEEMEE -

| — 2TEE
- SEKE
- AN E 4
IV — ARt

Mark as true(T)or false(F)the order in which the proteins of these fractions exhibit radioactivity
(4 points, 1 point each correct answer)

IR N AR N E R E IR AT SRR E R - 1R/RIERE (T) SEER (F)
(459 B—EEEREZEE1S)

M— N—» —»  out of the cell FIDERIN
Mm— [—  » out of the cell A B SN

V—p I — I— »  out of the cell FIDERIN
V—p > N —»  out of the cell FIDERIN

© o w »
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Q2

For each of the following phases of the cell cycle, indicate whether the chromosome number is
haploid (H) , diploid (D) or could be either (E) . Also indicate whether chromosomes have replicate
(R) or have not replicated (N/R) (Chromosome status) . (5 points, 1 point each correct answer)

HETIE—EMEERNMEER FHRERUEEXMERIEEEMIR (H) - €588 (D) - U=
#MADEE (E) - MFERFLHZBERNIAEBENRKEICEKER (R) - AZREHAKRER (NR) -
(69  B—EIEEER1%7)

Chromosome number Chromosome status Cell cycle phase
FEREHE FERREE Al AR B BRPES B2
G2

Meiotic metaphase |
WENR PH |

Mitotic prometaphase
Bi#DR BT

Meiotic interkinesis
D2 EER

Gq

Q3
Indicate whether each of the following statements is true(T)or false(F).
(4 points, 1 point each correct answer)

R THIRGRZERE (T) SEER (F) (49 E—EEERZEE1S)

A. Centrosomes replicate independently of chromosomes.
PO B ERKIERE I

B. The nuclear envelope becomes fragmented at mitosis, and it is distributed between the
daughter cells like other membrane-bounded organelles such as ER and Golgi

EB#NEE  ZESRELE - UnhEmEFARE  NERNERESEKREREN
Mes —1

C. The total DNA content of a cell following meiosis is half that of a cell after mitosis.
—ETARE N H 2 BN - B4R DNA 2 EZ—ETHAH#H DRI —=+

D. Microtubule polymerization, depolymerization, and microtubule motor proteins are
required for DNA replication.

DNA ERBFZBMENTRS - BESURMEBNES




IBO CHALLENGE Il - IBO 2021 - PORTUGAL

THEORETICAL TEST

Q4

Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)

B THIRGRZERE (T) SEER (F) (49 E—EEERSEE1S)

A. Plasmolysis occurs when a plant tissue is placed in a hypotonic medium.
SEMAERHNETERRARE  SRERTEMNIER

B. Animal cells will lyse when they are placed in distilled water.
SEARKMEEZABKPRE - ARE3E

c. When plant cells are placed in a hyperosmotic sucrose solution, sugar crosses the cell wall
but not the cell membrane, keeping the cell the same size.
SEVARKNEESBEBNERART  EREFEANEEASZEARE - AL
MRIFIRAR S

D. In plant cells water loss is normally a reversible phenomenon, while in animal cells it is not.

EEVARS  KNBRAE—ETENIRS - BZEEVARAIZATERY

Q5

Observations in optical microscopy are often accompanied by the measurement of the specimen
under study. Among other methodologies, the measurement can be performed after calibration,
of each objective, with the aid of an eyepiece micrometer (ocular lens) and a microscope stage
micrometer.

E/CBEMIR NEREERRE  BRETHBEEASARINSEX - #38HEZP - HAJLUEEE
Hif (B ) AMRUERSEMSAMRHNER - EREVREXRTITRIEZEMRIUEFETRIE
Al -

. To calibrate an objective, it is necessary to start by placing the eyepiece micrometer (EM in
Plate 1) in position on the microscope tube and installing the microscope stage micrometer
(SM in Plate 1) on the microscope stage.

RIE—EIRERE - HANWEESBFAMR (EEE 1 P EM ) RETEEMIRE L - A
wHEHYE F2RENSHUMR (EEE 1 P SM) -
ll. Then, the scales of the eyepiece micrometer and the microscope stage micrometer must be

aligned, so that they are parallel, partially overlap, and so that the beginning of the graduation
of the two scales superimpose.

#E  EHBEAMRNZIELAFGYSRAMRNZIEXRLHE  FEMRIE TR EE - Tt
MERIR R ZEEREEE -

lll. Having superimposed the zeros of the two scales, look for the point at which the two scales
overlap equally.

EMERFEESNUEEESE—ERN - S M EmERRZEEE T —EONE -

IV.In the example of Figure C from Plate 1, 70 divisions of the eyepiece micrometer correspond
exactly to 0.4 mm (= 400 pm) of the microscope stage micrometer. This value is only valid for
the lens used.

ihE 1 WE C Al - BEAMR £ 70 ERMFEML - BIFAEESHYSAMRHN 0.4 mm
(=400 ym ) - IEBERBRRERERR -
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A

C e N “ <
o o o
||||‘||||l||||‘|||| ||||‘|||| ||||‘|||| | — s (mm)
||||||||||||||||| OO T =
o = o o o
\— N M <r [y [Te] M~

Based on the description above, and Plate 1, indicate whether each of the following
statements is true (T) or false (F). (4 points, 1 point each correct answer)

KR EEREILURIEE 1 feE THIRGEZER (T)XER(F) (49 B—ELEEZE1S)

A. 1 ocular unit=5.7 ym.
—fEH 8RN = 5.7 ym

B. The procedure described in |l is represented schematically in Figure B.

E B MEELSR || MiABH~EE

C. Figure B shows a microscope stage micrometer.
B KX VYRR

D. The stoma in Figure A is approximately 80 um in length.
A BRAARLE 80 ym
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Q6
Cellular life depends on maintaining a balance between external and internal environments. Any
change may have major consequences, so exchange is dynamic and moves in both directions

across the cell membrane.
AR BN AIEINEIRIBFEERHER - O EEIET RERVER - HIL - B
BEMRANRKIBEHENME T 2ERE -

Mark with true (T) or false (F), the characteristics listed in the table below about membrane
transport. (8 points, 1 point each correct answer)

A NRATSERMREEA SR mEL D - RRIERME (T) EER (F) (849 -

15

)

B—(EE®EESR

Passive Transport

Features HENE G tr:ﬁ;“’g t
S Simple diffusion Facilitated diffusion EEH?%@E?J
[SESLT REMERK
Membre.\ne constituents Proteins Proteins Lipids
responsible for transport =nE =nE N
SEBHEENERS === === i
Binding of the substance to Yes Yes No
be transported < - e
HBRERNIESS = = =
Source of energy Concentration gradient Concen.tratlon ATP hydrolysis
SEETOR B gradient ATP K
PR ) REME
Sensﬂwengss Fo c.)x.ldatlve Yes No No
metabolism inhibitors < e e
A0 IS SUK = = =
Sensitiveness to
denaturation or remgval of No Yes Yes
membrane proteins re e &
HREERNE S BERE = = =
JE!Z,
In favour of the gradient In favour of the Agalr_13t the
. gradient of
. of substance to be gradient of substance
Direction of transport substance to be
BT ’tr‘ansported \ to’bg transportgd transported
IEZHEMNENRE | IEZREGVENRE o 1)
HE HE e
RRERE
Degree of specificity Nonspecific Specific Specific
E—HEE AE— 5— 5—
Saturation with high
concentrations of the No Yes Yes
molecule to be transported x -

HEER D FESRE MY

BRAO
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Q7

Most plants are monoecious species, having complete flowers that allow for self-pollination to
occur. However, there are several incompatibility mechanisms present in different families to
prevent inbreeding.

One of the most described systems, entitled GSI, or Gametophytic Self-incompatibility, is based
on allelic composition from the mother plant (transmissive tract) and the pollen tube; if there is
recognition of the self, the pollen tube stops growing and dies.

Briefly, the self-incompatibility mechanism is activated when the pollen tubes reach 1/3-2/3 of the
total distance in the style, coincident with the entry of nutrients from the transmissive tissue (or
transmitting tract) to the pollen tube.

The mechanism is based on the uptake of S-RNase by the pollen tube.

REBD BV ZIEERIAR - BASTEICOILIBEEK - A - £ —EARNEYPtE—EARE
AT SR B SR 3T RR A -

Hp— BB RRIEARFRBERIAEE (GSI) 24 - SREBEREELREY (BEBEBK) A
MEMSNEREMIORTE - MRPEHBERIIRZERN - BEIEHESFLERLET - HE
R - ERERAHENREREISRETECHERECEER 1/3-2/3 WRKE - IERIEHtE—
LLSBZMBERIEERERAN (FERE ) ZATTHENRIE - TTHERW ¥ SR ( S-
RNase ) w2 E EHHIRIB G -

Q7.1
Considering the explanation above, indicate whether each of the following statements is true
(T) or false (F). (4 points, 1 point each correct answer)

R LENZE  BHEUTHIEERE (T) ER#ER (F) (49 SELEZEE1S)
A. The RNases are of maternal origin.
S BB EE ( S-RNase ) @2REEAEY)
B. The RNases degrade pollen RNA, leading to cessation of tip growth in case of self-
recognition.

R BT - BE%IEZEERS ( S-RNase ) ZREAZTTHAN RNA - ERIREERELE
C. The RNA enters the cell through the endocytosis pathway.
518 RNA BiBINEREE AR

D. The S-RNase is degraded in case of identical alleles.
HEARBRSAERMNT T - S S-ZiExiiEs ( S-RNase ) S &R

Q7.2
Considering this type of self-incompatibility, indicate whether each of the following statements
is true (T) or false (F). (4 points, 1 point each correct answer)

RBIENBERARGY  BHUTHERIER (T) BRER (F) (47 BEEEZE1S)
A. The pollen haplotype S3 would be rejected in a S2S2 pistil.
BEBEREA S3 WItHEHR S252 HIETTER
B. The pollen haplotype S3 would be rejected in a S2S3 pistil.
EEREREA S3 Wt EH S2S3 HNESTE#RE
C. The pollen tube metabolism changes from autotrophic to heterotrophic in the
transmitting tract in the pistil

fEMEEMROEREES  HESEASEEEBRNES
D. Self-incompatibility mechanisms are very important to ensure genetic variability.

BRAB GG SR EES R UIFE ERRIHS
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Q8

Fungi are everywhere, including in the marine environments (sandy beaches, salt marshes and
mangroves). Considerable efforts have been made in documenting their diversity, ecology,
phylogeny and biotechnological applications. The marine fungal distribution comprises temperate,
tropical, arctic and cosmopolitan species. The majority are Ascomycota, presenting microscopic
fruit bodies and spores, mostly with appendages or mucilaginous sheaths (Figure 1).

Marine fungi play a key role in marine ecosystems’ balance and dynamic. A wide range of organic
to inorganic substrates are colonized by marine fungi: wood, halophytes, seaweeds/algae, marine
animals, sand, sea foam and sediments.

HEEMAT  EBFNIRIEZP (D - EEDRARMK ) 1A - HREMSERYE - £58 R
ZEAGUNEVRR ENEAEEMSMARSH - BFEEYRIJLUKRBEDh - B RERHH
AER - Bt IR S EBRYRE - REZYEZE FEEPT ( Ascomycota ) - FEEMIR NI &
ArEREmyT MmMbEMAZEENEREXNRYE (E1) -
EFEEHNSFERAANTEEHENE FEZNAC AREARARKEE L gFEGHA
MYEEIEY) - BE/EE  BFHY ) BEEARENENS - AJLRREEFEERER -

Figure 1 — Microscopic photos of marine fungi: ascospores with appendages (1-2) and ascospores
with sheaths (3-4).

1- BFEENBEMRBR . ENESRNFERT (1-2) DUREBENFEBEF (34).
Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)

RHEMTHAEER (T) BRER (F) (49 SELEESERA1S)

A. Fungi major ecological role is the decomposition of organic matter
BEETENFRAEBENBRARYE

B. Sheaths and appendages of spores are morphological adaptations to marine life
TR E Y8 F LR RERE

C. Temperature and salinity are not important factors on marine fungal distribution
mEREETAZXE S FEENMNERRF

D. Some marine fungi produce extracellular enzymes that enable them to break down
lignocellulosic materials.

BLEEFEREERINER  RUMENBAEREYE

10
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Q9

In the 1850s and 1860s, the French chemist and microbiologist Louis Pasteur became the first
scientist to study fermentation, when he demonstrated that this process was performed by living
cells.

Fermentation processes to produce bread, wines, beers and ciders are traditionally carried out
with Saccharomyces cerevisiae strains, the most common and commercially available yeast.

In nature, they are found on the surface of fruits and leaves. Saccharomyces cerevisiae is an
Ascomycota fungus that reproduces asexually by budding and sexually by ascospores.

£ 1850 £2 1860 & - ABIEERBAMENBZERE S - BHfE - BoRiBREEHE AT
TH—ERER - EAAE—IMRERIORER -

B LA HEREFREAE 88  BH - BERAZEHABEBERSE (Saccharomyces
cerevisiae) Btk - EEm® AN SRR -

CEARD  CELREKREZRWRE L - BERSE2S—EFEES (Ascomycota
fungus) - BEMMNEEDTANHBEMNESF A - NEBUNFERS -

The fermentation biochemical pathway is illustrated in Figure 2.

BEAECAHRENE 2

Glucose

o e
Op e

2ADP + Pi \ 2NAD* #

+2NADH + H+
2ATP /

2NADH +H*

. 2NAD*

Figure 2 - Central metabolism of fermentation in yeasts. 1. Glucose. 2. Pyruvic acid.
3.Acetaldehyde. 4. Ethanol. A. Glucose; B. Hexose transporter

2-BEERENTIENG 1. AFE 2. Rk 3. 28 4. OB A F51 B. N\KiEERES

11



IBO CHALLENGE II - IBO 2021 — PORTUGAL
THEORETICAL TEST

Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)

BTSSRI SE (T) 5 (F) (L 47, 8—ELEEEES19)

A. The oxygen presence determines pyruvate oxidation via tricarboxylic acid cycle to
carbondioxide and water.

SNEFE - RTE FAENEERIEZEE—ABTEIR (tricarboxylic acid cycle) M
RS S AERKEAK -
B.  The main components of S. cerevisiae cell wall are cellulose and hemicellulose.
AR EAMRENEEN D B EHE X (cellulose) BAF M4 ZE (hemicellulose) -
C. Vegetative cells multiply by budding but on nitrogen starvation may give rise to
asci in which meiosis occurs to give four haploid ascospores

SEARANALEFARNEE  BERRZRAREMIEEFE - WEERNETEHE
NHEEL 4 EEENFEES -

D. During fermentation CO; is removed from pyruvate and 38 ATP are formed per
one molecule of glucose.

ERBEBED  ZUAMEPELR CO,  BEE—EmEERD FJESE 38 E ATP -

12
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Q10

Researchers from Harvard University show that the concentration of nutrients in the environment
can set the strength of interactions between species of a microbial community. An important
environmental parameter that all microbes influence and are influenced by is pH. The change in
environmental pH by bacterial species was measured at high and low nutrient concentrations (Fig.
1). Different soil bacteria were grown at low and high nutrient concentrations, then that spent media
was used to re-grow each of the species in the spent media of the others (Fig. Il). To determine
the consequence of these environmental modifications on the coexistence of bacterial pairs, the
scientists co-cultured all pairwise combinations of the eight species in batch culture with daily
dilution in both low and high nutrient concentrations, then the cultures were assayed by counting
the bacteria colonies (Fig. lll).

BHABHNMRAERRBRRETENNRE  IRE—RENENEEFZINEZBREFARNE
B - TR BREHTEMNEMARMEDTENRIERAF 2P  pH EREBENEFZ2— - BEED
EEASENREENRET  FEARNEHIRE pH WEAER (B 1) - RAEWTIEAR -
DREBEEDREHESENRE NMEE - RREFEERARNIEEE (spent media) - BEMARK
EREMERE (B) - B/ REEEREEEHNRAFNAERERNTE - RIBRE 8 EEE
MY - AR HHASHEEETHTNIES (batch culture ) - SAEBHDRILUEE D RESL
SENREREENREBEREE  AREBEINEAIMSEEAPOEEHE (B W) -

501 n=92 i ’ i5
40- 2 I
: ' 16
30 4 3 . 4 4 i
1]l ]
BiSas
10 4
oL l. =]
5 6 7 e 9

pH

Figure |. pH — Final pH. 1. Number of strains; 2.Initial pH 7; 3.Growth; 4.Final pH; 5. Low nutrient;
6. High nutrient.
1.pH-HZpH; 1. BMEE ;2. ¥lapH B 7 ; 3. £RiBIE ; 4. &&pHEH ; 5. K& ; 6.

S87)

I

13
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5.0

- = e B
05{ % C*oee p
e P P ® '?
o Wl ey
g W T trsa

8 9 10 11

Figure Il.1. Growth; 2. Remove bacteria; 3. Spent media; 4. + fresh nutrients; 5. Add bacteria; 6.
Regrowth; 7. Final OD* spent media / final OD* fresh media; 8. Low nutrient; 9. Low nutrient
replenished; 10. High nutrient; 11. High nutrient replenished.

*OD = Optical Density.

I 1. £RBE ; 2. BRAE ; 3. BRNEEE ; 4. tHENESEE ; 5 MAME ; 6. BRI
;7. AREEEZER ODYMEEEE &AL OD*; 8. B&D ; 9. BEN®RE ; 10. B&D
M. BEDMAR

*OD = HEBHE

wcseloscn| 11

[ R SO @ssssssse] 12

7 8 9

Figure IlIl.1. Mix; 2. Cultivate; 3. Daily dilution; 4. Plate; 5. Count colonies; 6. Diversity; 7. Low
nutrient 10 mM POys; 8. High nutrient 100 mM POys; 9. High nutrient 10 mM POs; 10. Coexistence;
11. One species wins; 12.Extinction.

. 1. )85 ; 2. 1838 ; 3. ZHHE ; 4. EATMIEERE ;5. 518E% ;6. =224 ;7. B&EH 10
mM PO, ; 8. &% 100 MM PO, ; 9. &% 10 mM PO, ; 10. H{E=FE ; 1. Eb—EAYER 1 ;
12. W48

14
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After a close evaluation of the results, indicate if each of the following statements is true (T)
or false (F). (4 points, 1 point each correct answer)

FROBF AR IEAER - IR THIBRULES (T) 2B (F) (H45  B—EEESES1

7)

A. At high nutrient concentrations bacteria either increased or decreased the pH.
EEEDRE T - AAECESEIE pH
B. Spent media from high nutrient concentrations repressed bacterial growth completely in
many cases and this was driven by resource competition.
{—Efﬁygﬁﬂﬂ’é’fiﬁ FHEEsRENRAREEEE 2 IIHAENER -  ERRAE
IR 55 PR 152 A9

C. An increase in nutrient concentrations led to stronger negative interactions, resulting in
a loss of coexistence

EBNEYEEEENERE/EA (negative interactions) 581E - ERAEEREHTE

D. Higher buffer concentrations prevented the loss of coexistence at high nutrient
concentrations, showing that pH is a major driver of the species interactions in this
system.

EHRESRENEERUBRESENRE NERFAXEFNIRE - BURBWEMZRD pH
EEEOESNEERDE

15
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Q12

Prebiotics function as dietary fibers that are not digestible in the upper gastrointestinal tract and
promote the growth of intestinal bifidobacteria. Inulin is a prebiotic that originates from plants. Like
starch, it is a plant storage product, but unlike starch it cannot be stained with Lugol’s. In the
pharmaceutical industry, it is extracted from the root of chicory (Cichorium intybus). Inulin’s low
caloric content permits it to replace sucrose.

47T ( Prebiotics ) £ FIH{EBEEASOBLE - PR —RBERAERIEEBBLEIERE
( bifidobacteria ) K94 - %1 (Inulin ) 2—E@REEYNRETT - BREBN—1& - 2EYHERE
HEm BEEBEMARNE  BEIMEBHWAE (Lugols ) R LES - REETEL  BEW
39E ( Cichorium intybus ) MIREIZEENMSE - WIEERZBRENREE - EEOJDIEUCHER -
Select from Table 1, the number corresponding to the appropriate word, to complete the blank

spaces from A to J in the text. (More than one option may be correct)
(70 points, 1 point each correct answer)

R1PHFHENEFTEVIEA - XEF AR JROEBFLSTA R -
(JEERRBRE—EERZERN) (X107 —EEESES19)

Table 1

1. Inulin 6. Vacuole 11. Endoplasmic reticulum  16. Acidity and hydrolysis
R e NEH BE 14 B K R

2. Lipids 7.Cichorium intybus 12. Starch 17. Polysaccharides
] ¥HE B KD ZHE

3. Cell wall 8. Sweetener 13. Fibers 18. Digestible
AR BE HH R A o JH{ERY

4. Amyloplasts 9. Plastids 14. Pharmaceutical 19. Cosmetics
BRI B ghe Zm 1% am

5. Carbohydrates  10. Proteins 15. Aromatherapy 20. Daucus carota
ixKIEEY E=lC SEEE HEE

Some examples of plants that contain large amounts of inulin are Jerusalem artichoke (Helianthus
tuberosus), chicory root [A...], garlic (Allium sativum), asparagus root (Asparagus officinalis),
among others. Inulin has been used as a low calorie [B...], to form gels, increase viscosity,
improve aroma and taste properties and as a non [C...] [D...]. As a [E...] inulin is used as a
diagnostic tool to measure kidney function. Cellulose and starch are the most common [F...] of
plants, but [G...], xylans, and hemicelluloses are also examples of this group. However, inulin
does not accumulate in [H.. ], like cellulose, or in plastids like [l...]. Under physiological conditions,
inulin is in solution. By artificial dehydration, numerous crystals are formed that aggregate, giving
rise to fan shaped structures, which remain inside the [J...], surrounded by the tonoplast.

—LEEAREPHBENEY B FUMETF (Helianthus tuberosus) ~ HEMIR [A...]* K7 (Allium
sativum) ~ EEINIIR (Asparagus officinalis) - DIREAM - Z5EHFE AR EREEMN [B...] - MK
BB IR EFKRMOK - WiER—EJF [C..][D...] - fEA—T& [E...] - BWEOIHHEK
ERZEBERINENTE - BIEREBRNESENHRERN [F..] B2 [G...] KB - UK¥H
HRMBEEHYETPHOTF - AMBBEASGEAERT—REREET H...]F - AE 1] —K#E
BEERYD - EEERET  FHETERART - IRBZABRK - MISHREENE R
BEAE—H £ J.. ) RELE—EBEENBE  THRME (tonoplast) FIEIE -

16
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Plant Anatomy and Physiology &%) %5418

Q13

A description of three lichen species is provided. Associate each figure (A-H) to the
corresponding species description (A, B and C) based on anatomical structures and
morphological characters. (8 points, 1 point each correct answer)

BEt YR  BREZIBERTERE  HESEE (A-H) £¥%&E (A-B and C) &
- (8% BELEEZERS17)

17
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DESCRIPTION: #it

Species A - Thallus crustose, smooth to slightly verrucose, white to pale grey. Apothecia with a
pale brown disc and a thick, smooth to usually crenulate margin. Margin of the apothecia (in
section) with abundant, very large crystals. Asci with 8 spores, elongate Ascospores 1-celled,
translucent, broadly ellipsoid.

g A - EREE2IRERA - EEELEMEMNR - BEXKBE - FTEEE (A=l  BARMY¥
BEBBMEENNES FEBEGNIEEARENARLESR - FESA 8 BT BLEE
HFRETFREBEME  Z2RFER - EfEE -

Species B - Thallus foliose to fruticose, erect and tufted to pendent, to 10 cm long (usually less),

not rigid; branches flattened, strap-shaped to almost linear, green to yellowish green. Apothecia.
Photobiont: chlorococcoid (green algae).

Y& B - BRRERERELGN - EVHERFZEME - BRE 10cm (BERE ) - ABE ; 22
RRE  TREBLETEN B E=HE - BFERE - XaHEEVMREBINNE (%) -

Species C - Thallus foliose, narrow-lobed, closely adpressed, forming orbicular rosettes to 5 cm
diameter. Lobes up to 2 mm broad, flat to slightly convex, whitish grey, distinctly white-maculate.

Apothecia common, to 3 mm across, with a white-pruinose disc and a smooth margin. Asci 8-
spored. Ascospores: 1-septate, brown, ellipsoid.

Y)i& C - BRRERENR - ERRE - BERR - EREENERE 5 cm NEFEER - A EE
2 mm - RFELEMEE - kA - BIFEAN - FEBERER  BEEE 3 mm - BEE—EAME
=R HEEZWE - FEB8ERY - FEEFHRE 1 ERENR - IResIBEE -
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Q14
The figure shows the vascular tissue of young stems and roots (capital letters) of two groups of
plants, dicotyledonous (eudicots) and monocotyledonous (monocots) (lowercases).

ERENEFEEYREFEGY (LUBFEAR) NNEER (UXRFEAR ) WEERA
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Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)

B THIRGMEERE (T) SEER (F) (49 BEEEREES19)

A. The vascular systems of stems differ from those of roots. In a root, the vascular tissue
lies deep in the interior, with the xylem at or near the centre.

EKNHEERAFEHERAR - TERP - #HERABUETTIEAE - BAREIHUNREELT
g

B. In monocots, the vascular bundles in the stem are arranged in concentric circles while in
eudicots they are scattered.

EBFEBYNED - #ERIIIKELE - MELFEEYRIZHE -
C. Each vascular bundle contains both xylem and phloem. The xylem in vascular bundles
in stems and roots is indicated with the number (1) and the phloem with the number (2).

BEMERDEAREHBMILZE - EEMRD - HEERNWAKEZRBEF(N) - FNEEE
TRAEIF(2) -

D. In addition to the vascular tissues, the stem contains other important storage and

supportive tissues. In eudicots the pith lies inside the ring of vascular bundles and also

extends between them, to the outside, the cortex, which may contain supportive
collenchyma.

BR7MERAE I EEAEMEZENMREASRAS - A2 FEEYD - BUERNK
MWHESRWARA  WHEAERZEOINMEBEZRE - KEESEXFINENERHER -

Q15

Ammophila arenaria, also known as marram grass or European beachgrass is a plant species
that grows in beach sand dunes. The work “The adaptive power of Ammophila arenaria:
biomimetic study, systematic observation, parametric model and experimental tests” recently
published in Polymers (Andrade et al. 2021) explores the potential of the A. arenaria reversible
leaf opening and closure mechanism that acts in response to stress to create responsive facade
solutions in architecture (biomimicry).

Ammophila arenaria XTEREFEEEIEONIIMMEE  BE—EBREBENDEEY - RIORERE
Polymers EAHIHOR5E " Ammophila arenaria BIGEFE S | (HEMR - RAEE - 28EH - DIKE
BRIzt " (Andrade et al. 2021 ) FERLEEYE R ABFEIRPAES OE MR FEARPAES - 2REK
NHERATZE FRAEEYMINERERIENEN (HEE) -

Mechanical/technical models can be made to mimic the A. arenaria leaf behaviour.

Wm0 / RiTVRTU] LR A. arenaria FVER 1T

Figure 1.a) Shows the leaf characteristics responsible for the leaf movements in response to
stress. The figure represents leaf transverse section, showing the abaxial surface (ab) and the
adaxial surface (ad) in conditions of water availability (W) and water stress (WS) and the motor
cells in the adaxial surface (TBC — turgid bulliform cells and FBC — flaccid bulliform cells).

B 1.a) BREABERMREBLNERESGE - WERKKREREY] - BREH (ab) HiTH
H (ad) EKAFE (W) URTRKEZIE (WS) FRER - UREAHMENES AR (TBC -
B RREAEARA FBC — #&/)\BaiRAlme ) -
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Figure 1.b) Shows the thermobimetal response to changes in temperature. A — active layer, B —
passive layer.

1b) BT nEREZHRESBNRE - A-THE - B-HKIE -

Figure 1.c ) Shows the prototype material based on the combined use of A. arenaria and bio-
inspired thermometal materials at two distinct temperatures.

1.c) BN - RIBESER A. arenaria BYMMBILIRMEREEME - PTRBHREMK - B
EMEAENRE FAEREIE -

L w
FBC
1.b
(a) (b) (c)
ive 1a .- I
A I o ctive layer A >
B I :ssive layer B T ©

1.c m

Figure 1 - Ammophila arenaria leaf characteristics, thermobimetal response and thermometal
materials. 1.b Active layer , Passive layer

1 - Ammophila arenaria R - BAETBRIE - LIRRETEME - 1.b & - Active layer =
X&)/ - Passive layer =t E -

Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)

ARFELTSIRGRAVIER (T) SNEERR (F) (49 BEEEZES19)

A. Leaf turgid bulliform cells are crucial in the leaf opening and closing in response to water
stress.

EERERRKERMETRARERNRES - EARBEARENAREERINEE
B. Comparing the functional surfaces of leaf and thermobimetal materials we can say that
the leaf adaxial face corresponds to the active layer of the thermobimetal material.

EEBE R UABREEBMRININAEMRE - OISHERNOHEARERAESEMRNE
g -
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C. The model/prototype build with both materials showed an increased area in face of an
increased temperature and therefore have potential to be used to shade building

facades
AMmEMRBEOER | REBREREENE  HEXEEEN RItEBEERERERZE
MRS ERYE

D. The results show that the use of thermobimetal materials to cover building facades
increases facade temperatures from 17 to 48 °C.

MREN - BAESEBVRBEZEEYIMG - IEIMSREE 17 BINE 48°C -

Q16

Serendipita indica is a non-obligate endophytic fungus, known generally a plant growth and
defence promoter with high potential to be used in agriculture. The work by Dias et al. (2020)
published in Frontiers in Microbiology explores how carbon (C) availability in the growth medium
during the free-living stage of S. indica can influence its phenotype. Further, this study shows
that the growth conditions leave a legacy to the symbiosis stage and regulate S. indica’s
potential to promote plant growth.

Serendipita indica ®—TEFBENEMNER @ BHRERERE L  BEREEVERENEN
INBE - Dias et al. (2020 ) 3R Frontiers in Microbiology i FIRYHHZE - #R&T S. indica TEBH
A REED  ARIBEEPHNIK (C) UASEFEERENERE - WIIRE—DTER  BEENER
BERERHERREARAFTE - WolFEE S. indica [REBEBNERWES -

C
L) FLS ss
H
20T A
|
o
E= ! .
g | A
z
15+ |
pd 3 |
S © |
|
ot B
|
o=
1=
5+--18
F- \E\ /
|E C v (b
ok | o
|
ol ¥ D gl
L i

Figure 2 - Carbon (C) availability in the growth medium triggers nutrient imbalances which
regulate Serendipita indica’s phenotype during the free-living stages and symbiosis stages
(when later colonising the plant host). FLS: Free-living stage. SS: Symbiosis stage. L: Low. H:
High, A: Glucose/sucrose is the main C source; casein and yeast extract are also the N sources,
B: N and P scavenging, C: Peptone is the main C and N source, D: C scavenging.

2 - EREEEDHK (C) UHEGHRERKE - EME Serendipita indica BFERMER
BHARE (ZHEREBETEYD ) K RBEEKRE - FLS : BERAERMEE ; SS : HEMRE ;
LB, H: &, A: BERE/ERATENER MEEANEIEZ=IMTERER;B: " (N)
Mk (P) Bk ; C: E8KR TEZHORMAIR ; D: i (C) Bk
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Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)

SRITEL THIRGRAYIERE (T ) SiEdsR (F) (47 BEEEZEES19)

A

B.

Q17

S. indica’s compact phenotype develops when the fungus is submitted to carbon deprivation.
2 S. indica ETEMERANIBET - EEEFER (compact) K&l

S. indica’s explorer phenotype displays higher capacity to decompose carbon containing
molecules.

S. indica BYHRENEY (explorer) REHBERBEN B R DT -

Under high C/N ratio in the growth medium, S. indica obtains the distinct nutrients from
different sources.

EENIKREZEREBEED - S indica RARERFHRINEHES

The N availability during the free-living stage is likely to leave a legacy to the symbiosis
stage, regulating S. indica’s potential to promote plant growth.

TEREREENA RS - oS HHEMERTRRZNTE - #@E S. indica REEYSE
BHEN -

The work by Ramos et al. (2020) published in Planta explores how inoculation with the
endophytic plant-growth promoting bacterium (PGPB) Herbaspirillum seropedicae can be a
strategy for promoting growth, nutrient uptake (Table 1) and photosynthetic efficiency (Figure 3)
in rice (Oryza sativa).

Ramos et al. (2020)38 37 Planta HAFIRVASE - #Ra17E/KFE(Oryza sativa)F - EBAEMENE
RIEEHME ( PGPB ) Herbaspirillum seropedicae 2% - EMO M B —BREER - 2R
( Table 1) IR EERRE ( Figure 3 ) HYKHES -
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Table 1 — Effect of H. seropedicae inoculation on rice shoot mineral contents. * Marks significant
effects at p < 0.05. Values are means + SE (n = 5). NI — Non-inoculated,
| - inoculated, IE - Inoculation effect, Ma — Macronutrients, Mi — Micronutrients

< 1 - H. seropedicae #HEEKEER HBEVESENFTE - * FREBEEFE (p<0.05) -
ROWEEATFYE + Z2#{BE (n=5) - NI- REE ;|- EE; IE- BEHNFE, Ma-
EEEX; Mi- MEEZEEE -

NI | IE
Ma (mg shoot™)
N * 15+ 1 3311 +120%
P* 120 6+1 +350%
K* 14 £1 77 £1 +430%
Ca* 4 +1 11+1 +150%
Mg * 3+0 6+ 1 +110%
S* 2+0 6+1 +300%
Mi (ug shoot™)
Fe * 323 £12 576 £ 19 +80%
B* 15+ 1 502 +230%
Cu* 10+ 1 3910 +280%
Mn * 682 + 28 465 £ 17 -30%
Mo * 00 2+0 +1020%
Ni * 110 50 £ 1 +340%
Zn* 95+13 3385 £ 193 + 3460%
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a) 7
p<0.0012;t=8.292;df=4
=~ 67
w
L0 +80%
£
S 4T I
© 34
@)
§ 21
g 1+
< 0
b) 03
p=0.0065;t=5204;df =4
£ 024 I
o -40%
O
% 0.1 4
o
0.0
c) 25
p<0.0021;t=7.081;df=4
20 +
2
* 157 +80%
O T
‘jg 10 + T
<
5 1
0
A B

Figure 3 — Effect of H. seropedicae inoculation on rice photosynthetic activity. Photosynthetic
activity was evaluated by determining (a) net carbon assimilation at ambient CO concentrations
(As90), (b) stomatal conductance (gs), and (c) carboxylation efficiency (Asq/Ci x 10%). Bars are
means * SE (n = 5). A- Non-inoculated; B- Inoculated.

3 - H. seropedicae #HEEKIEEZHEBIERANE - XEEARHER@) EZERY - AE CO;
mE N 2B IXEEFR(Asw) ~ (b) |ILEE (gs) ~ MUK(c) ZIEFA WE(Asew/Ci x 103)HRE -
HEIERTBFIEE + EEREN=5)  A- KiEfE ; B- & -
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Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)

SRITEL THIRGLRYIERE (T ) SiEEsR (F) (4% BEEERZEES19)

A. The effect of H. seropedicae inoculation on rice nutrient uptake was similar for all
nutrients.

H. seropedicae REBHKIEEND RN E - B8RSR -

B. H. seropedicae inoculation resulted in higher stomatal resistance to CO diffusion.
H. seropedicae RIZHBER R ¥ CO, BAAIMMURS -

C. For the same internal CO. concentration, rice plants inoculated with H. seropedicae
assimilated less carbon.

EAMRERAES CO, BE N « 1#7%& H. seropedicae HIKIEZIKEEERE -
D. Rice plants inoculated with H. seropedicae had a higher nutritional value for human diet.
HWABRREREMS - #1E H. seropedicae WKIEFIZEBERS -

Q18

Global wheat yield is affected by climatic variation, including water deficit and heatwaves. The
work “Photoprotection and optimization of sucrose usage contribute to faster recovery of
photosynthesis after water deficit at high temperatures in wheat” (Correia et al. 2020), presents
results obtained with two wheat genotypes (Paragon and Sokoll) under water deficit and
elevated temperature, in isolation or combination, and part of that results are used here. Table 1
shows plant water status estimated by leaf relative water content (LRWC) and leaf water
potential (LWP), and Figure 4 the rate of net photosynthetic CO, assimilation, stomatal
conductance and electron transport in the photochemical reactions of photosynthesis.
EWNEREERIREEZENTE  SRBRFKMBRIRE - “E/NEP - SLREFRMERNEN
EEEEIRENERESRERKNFIRZE  IRREREENSSIER"E (Correia et al.
2020) PREEFE - W RERESUEMIE/NEE RS (Paragon and Sokoll) E1E k7K K &0 (B8 — &4
MBI F)NIER NS - EUIEREREDER - = 1 BREY2KIER - BIFEERBEHIK
£ (LRWC) UKRERKKE (LWP) - B 4 235 COBLIEARAE - KAZE - UK ETF
R tBREZEFEIE -
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Table 1 Leaf water status, and canopy temperature of Paragon and Sokoll wheat plants
exposed to a combination of heat stress and water deficit and recovery from heat stress
conditions.

#= 1. ERZKIER ~ LUK Paragon and Sokoll mitEE R LN EE SIS HRKER N ZE%
EERRE - DUREBEIRIFE N WEBHIER -

Genotype LRWC (% H,0) LWP (MPa) Tcanopy (°C)
25°C Ww Paragon 90.11+ 8.82c -0.50+0.08c 2687 +0.65a
Sokoll 90.20+1.73 ¢ -0.81£0.12 be 2633+£01%9a
wD Paragon 68.24 +1245b -1.16+0.16ab 2879 +062b
Sokoll 31.89+8487a -1.39£0.10a 2789+ 1.10b
38°C Ww Paragon 78.60 = 8.47 bc —0.82 £ 0.06 bc 3504+098¢c
Sokoll 80.38 + 474 bc -0.77 £0.09 bc 33.37+040d
wD Paragon 39.60+17.71a =1.30+0.5%a 3695+074e
Sokoll 43.06 + 26.64 a —-1.55+0.58a 3752+047 e
Recovery RWW 38°C Paragon 8646+ 136¢C —-0.76 £+ 0.03 bc 2571+03a
Sokoll 94,91 + 482 cd —0.74 £ 0.05 bc 2558+ 04a
RWD 38°C Paragon 90.83+342c -0.72+0.1bc 2633+044a
Sokoll 7831+ 21.18 bc -098 +0.16 ab 2643+021a

Note: Plants were grown for 3 weeks, then exposed to heat stress (38°C vs. control, 25°C),
water deficit (WD vs. well-watered WW) and re-watered at control temperature (25°C) after heat
stress conditions (RWW38°C and RWD38°C). Values are means = SD (n = 5 biological
replicates). Different letters denote statistically significant differences between treatments
(Duncan analysis, p < 0.05). Abbreviations: LRWC, leaf relative water content; LWP, leaf water
potential; Tcanopy, canopy temperature.

2 EMRERIBE \EUL)@“?J%BS% vs. ZEHIAE 25°C) ~ TRIK(WD vs. F£737%7K WW)
PURERSEIR 718 - EIEHIARE(25°C) FBEZE/K (RWW38°C and RWD38°C) &IE - #l1EA
I E+RER/RZEN =5) ° KﬂE’J—T—!fﬁEJﬁf@ZF'ﬁE%‘H:E’J%E%E L(EEMET DT - p<

0.05) - #8%: LRWC, ERM#E¥/KE= ; LWP, ER/KE ;. Tcanopy BERE -
@ PR() _T©)
8 3 g 40;
% 5 go.z Ez |
2 5 g
o-4 0.0

<
(7] o -9 » o

[ Il Il Il |

L WW WD | WW WD |
25°C 38°C

a o o o o o o

[ Il Il IL J

Lww WD _j_Ww WD |
25°C 38°C

a ) o o (2]
| | Il I J
| WW WD | WW WD |
25°C 38°C
OraracoN [l SOKOLL

Figure 4 - Steady-state photosynthesis of Paragon (PAR) and Sokoll (SOK) wheat plants
exposed to a combination of heat stress and water deficit. (A) Net CO2 assimilation, (B) stomatal
conductance (gs) and (C) electron transport rate (ETR) were measured at growth light and
ambient COz in fully expanded leaves of wheat 3-week-old plants under well-watered (WW) and
water deficit (WD) conditions and exposed to control (25°C) and heat stress conditions (38°C).
Values are means + SD (n = 5 biological replicates). Different letters denote statistically
significant differences between treatments (Duncan analysis, p < 0.05)
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4 - Paragon ( PAR ) and Sokoll ( SOK ) /NEFEMREEHTIRBHRKIOESIEREEMEE -
VU=BRIE - 8 FFT0%EK (WW ) RiERK (WD) - IHEREZEFIMERE (25°C ) RETIR
(38°C) » EHEAERAERZER COBHZT @ DRAIETEFRERN (A) FHE COE
EfEA -~ (B) "/AEE (gs) * LIR (C) BEFEEEE (ETR) - HER/RFHIELZRERE (n
=5) - AEANFEREREEZBEERT LHNBEER (S5RDH  p<005) -

Based on the text, Table 1 and Figure 4, decide if the following sentences are true (T) or false (F).
(4 points, 1 point each correct answer)

RIESTZ AT - 1 LURE 4 - HETF OISR IER (T) SsEE (F)
(4%  SECKEZESE15)

A. Plant water deficit (WD) conditions increased more the driving force for water movement
through the plant in wheat genotype Paragon than in genotype Sokoll.

£ Paragon EREVNESD - BYERK(WD)IETFTIE MK ENRIBES) 7] - B Sokoll ERXE
% -

B. Under plant well-watered (WW) conditions, wheat genotype Paragon will avoid cellular
heat stress better than genotype Sokoll.

FEFRDFEKWW)RIIE T - Paragon EREE/NELL Sokoll ERFA BacE AN HRIENGE

1%

C. Under plant water deficit (WD) conditions, without heat stress, net photosynthesis of
genotype Paragon is maintained, as opposed to Sokoll, and the higher capacity to
conserve cellular hydration observed in genotype Paragon can contribute to this.

FERFRKWDYER T - BRBEEIE - HEA Sokoll EFEZE! - Paragon EREERFEHE1ER
HEIFIBTE - EMER Paragon EFEEMARRIRKEE RS °

D. With the increasing occurrence of heatwaves and drought in Mediterranean region a
relevant decrease is expected in vegetative growth of wheat genotypes Paragon and
Sokoll, caused by limitations in net photosynthetic rate at photochemical level and CO.
assimilation.

ME= it hiE i & 2R K2 2 28 A8 - Paragon A Sokoll ERA/NENEBEREHTHE
g - EERRENCBEZELURKECIERS - FASIEFRARMIRE -

Q19

The plant community of the Mediterranean maquis comprises mainly two functional groups: the
evergreen sclerophylls and the drought semi-deciduous species, which differ in their physiological
and structural adaptations to environmental stress factors. Figure 5 shows the seasonal variation
of leaf water potential (WP) at pre-dawn and midday (a), Leaf Area Index (LAI) (b) and leaf angles
relative to the horizontal (MLA) (c) in different seasons for evergreen sclerophylls and drought
semi-deciduous species.

M ERMENEETZHMEINERFAR . ERMRERESE Y ZERYE - SmREFIEH
BEL  WINRBREERFIEBEMEE - B 5 B nEARZFEHSD  BAmMFIESL FEERYIE
ZHEEIE . (a) ERIARIMPFHNERKSE (WP) ~ (b) EEEES (LAI) ~ MUK (c) ER

BUKEEREEAEE (MLA) -
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a) ' b)

BAOB

A

LAl m2 /m2

WP (MPa)

‘ = e T !
_2 1 0 - T
4 K Sp s A
. c) MILA (°)
6 i Species
-8 B A B

Sp 51.4+17.2 31.6+13.6

MAMJ J ASOND JFMAMJ JASOND J FMAMJ
M (1996-1998) S 53.8+19.9 71.7+12.0
< o~ PD ; A 55.4+17.2 27.5+88

—— —— MD —-D

Figure 5. A, B — Two different species A and B; a) WP - Leaf water potential, PD - Pre-dawn

water potential, MD - Midday water potential, D - Drought period in summer b) LAl - Leaf area
index (m? m?), ¢c) MLA - Mean leaf angle (° from the horizon). Sp - Spring, S - summer, A -
autumn.

5.A,B- Mm¥iEAand B ; a) WP — E /7K ; PD - 32HARIKEY ; MD- PFHKE ; D- EZE
Zz2H] - b) LAl — EEEEE (m?m?2) - c) MLA- FHERBE (° HKFENAE)- Sp- & ;
S-EF ,A-MK=F-

Indicate whether each of the following statements is true (T) or false (F).

(4 points, 1 point each correct answer)
SRR THIRGLAYIERE (T ) SiEEsR (F) (4% SBELEEEES15)

A. Species A is considered a drought semi-deciduous species since it partially avoid stress
through higher water potentials.
AYBZEEFZER  AATUERBSHKEMEER M E R TIR -

B. In species B the pronounced leaf shedding during summer, which may reach 50%,
involves some advantages for water economy, by reducing the transpiring surface
during the period of maximum water stress

B MEth - HEEFAESE S50%NREEERL - WIS RELKDKENES - IREIZEK
NHEERSNE - EEEEDREARNES -

C. Predawn water potentials decline below -6 MPa in species B due to their deep and well-
developed root system which can reach water at depth.

B MERZRFRIKB NEZER-6 MPa - ZEHRERAHRENRS - 0BRSSt MNRE
AIIKT -
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D. Species B exhibits pronounced structural changes in leaf architectures, reducing the
interception of excessive radiation during the summer drought period, avoiding
photoinhibition.

B MEBEENIRBAE LERABBE TNE(E TEFZERERE  BRELSEHNNE
& - M eSEHHE -

Q20

Lichen species differ in their tolerance to environmental nitrogen availability, with some species

tolerating high atmospheric concentrations of ammonia (NHs3) and others disappearing at low
ammonia concentrations.

MERNEHIRIEPTROUAEZMZEERAER - BEYRBUMIATIISEENESR (NH;s ) -
BEYRBRIERIRERR  @HAAR -

Chlorophyll a fluorescence is a parameter commonly used as a vitality index of photosynthetic
organisms, providing information about the physiological performance of the organism.
Approximately, this index varies between 0.8 (optimal value = healthy conditions) and 0 (high

stress conditions = complete inhibition of the system). It is commonly used to investigate lichens’
response to nitrogen excess.

EgR a NS UWSHEWEELSFEREYNENEE  HuRHEEZEYNEIERIRE
Al e KBNS @ IIE8EEE 08 (&REE = BFEMREE ) and 0 ( SEIRMRE = ZFETE A
wl) 2@ - EERERAEKEREENKRIE -

Consider Species1, a nitrogen-tolerant lichen species, and Species2, a nitrogen-sensitive one.
MiE1 BRI - ¥iE2 AIZR80 -

Figure 6 shows the frequency of the two species along a gradient of ammonia; Figure 7 shows
the physiological performance of the two species indicated by the vitality index.

6 B MEMREEARRRE NHLIRER ; B 7 DUENIEECREBERIMEYEFEIERIR -

2.8 : : - ‘ 40— —

A B
21 3.0
[N
= 94 2.0
0.7 1.0
=
. 1
= = -
0.0- S I — 0.0 : . A . 25%-75%
3.0 6.0 9.0 3.0 6.0 9.0 TN
aa (ugm-?) ‘ aa (ugm-) ¢ 8

Figure 6. F = Frequency; aa = atmospheric ammonia; M = median; N = Non-Outlier Range; O =
Ouitliers

6.F=#8%F;aa= KRFNRE ; M= U ; N= FEEENSHE,; O= BEE
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0.7

Vi

0.0 A . . |
0.0 100.0
NH, (ug m-)

Figure 7. VI = Vitality Index
7.Vl = ENEE

Lichens have several physiological mechanisms of nitrogen tolerance. One of them is to store
excess nitrogen in non-toxic forms, like chitin, inside their tissue. Chitin can incorporate nitrogen
in excess since nitrogen represents around 6.3% of chitin’s mass.

XA ZRMROEREES - HP7 —SR/BSWRLIEFBHNE T BT - MEFEEA
B X THAENEBZINARES  BRAREXTESEPHH6.3%

Table 1 shows two values obtained for the concentration of chitin and nitrogen in the tissue of
the two species.

R1BEMYREEEPOZE T ENANRE -

Chitin (mg g™) Total N (mg g7")
Value 1 3.40+1.42 12.34
Value 2 20.74+ 3 23.37
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Q20.1
Select the correct answer scheme to associate each parameter to Species1 or Species2.
(5 points, 1 point each correct answer)

EEMENERES  KSBESEHEEYE13ME2 (59 BEEEZES19)

Species 1 Species 2

g 1 g 2

Graph A, fig. 6

6 I A /El
Graph B, fig. 6

6 I B /\El
Circle, fig. 7

7 PRIEIE
Value 1, tab. 1

< 1 9/ Value 1
Value 2, tab. 1

< 1 389 Value 2

Q20.2
Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)

SRIFRE FHIRGLAYIERE (T ) SKiRE (F) (4% BELEESES19)
A. Increased NHs promotes an enhanced physiological performance in one of the species
[URIB Mol EEP—ENEROEIERITIEZNR -
B. Intermediate values of ammonia concentration increase lichen frequency.
[V=ENPBESIENMAER -
C. Nitrogen pollution affects competition dynamics among lichen species.
RoRETEMRYBERBNRIHE -
D. The difference in the nitrogen content in the two species is exclusively due to the
difference in chitin content
myYBNAZEERARESERBELTEZENAME -
Q21
Figure 8 shows that some plants require a prolonged cold period (vernalization) as experienced
during winter (W), before they will flower (Fig. A). The flowering time is controlled by a “well
characterized” epigenetic mechanism that targets FLOWERING LOCUS C (FLC). This FLC
encodes a MADS box transcription factor that binds and represses the FT gene. Thus, the
mutant flc is characterized by a precocious flowering in autumn (A) (Fig. B). The molecular
mechanisms by which the FLC control the flowering are illustrated in Fig. C.

8 BnBLEYFE-REBENELY (FLER ) BFEEBRLSE (W) - ZHEIEFIF
(Fig.A) - ItFERIIZRBIRBFBEERFINES - SEFSESHSRE BT Z2ERER
AAEEE (FLC) £ - Iib FLC #RH55 MADS box ##%[EF - A% E FT ERBAWHIFIEZRE -
FELE - #E fle REWK - EZEMNFE (A) RFEMTE (Fig.B) ° FLC HRZERTER D FHHIN Fig.
CFim -

~4 AL
ot ot
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VD RD
A LW S
o
B ™ o
e -
fle mutant
A LW S
c ™ o0
—l
RD
LW S

FT gene FTgene

{0

Figure 8. A - Autumn, W — Winter, S —Spring, VD — Vegetative development, RD — Reproductive
development, PC — Prolonged cold.

B8 A-E . W-XF;, S-EFZF; VD- £8%5; RD- F£E#EE; PC- REEES

Indicate if each of the following statements is true (T) or false (F).
(5 points, 1 point each correct answer)

DRIFEL NAIRGLRVIERE (T ) Si#EsR (F) (5% @  BEEERZERS15)

A. FLC is an inhibitor of flowering
FLC @—T&RCAYHNHIE]

B. Transcription of FT gene is activated by FLC binding.
FT 2R/ EERO] A FLC RS SOEE

C. FT is mainly expressed in vegetative plant tissues in autumn.
FTHRRETZZEMZRNEEHE D -

D. The transcriptional activity of FLC is influenceed by a cold-sensitive epigenetic
process
FLC MBI R LIFAR I —EARBRRB LS I RBEBAERTE

E. Cold induces the silencing of FLC, allowing FT to be expressed and induce
flowering.

RLHEFLCHM - B FT RIRLFABFIE -
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Animal Anatomy and Physiology Ei#/ %5 K 1B Ea

Q22

Phylum Nematoda (Roundworms) has approximately 12 000 known species, although estimates
point out the existence of 500 000. They live in all habitats, from aquatic to terrestrial, from tropics
to polar regions, from mountain tops to the depths of the sea. One of the most known Nematoda
is Ascaris lumbricoides, a human parasite causing discomfort, disease and in severe cases death.
A female Ascaris may lay 200 000 eggs a day. Females’ reproductive system consists of a paired
structure with two very long tubes coiled inside the organism, that can be differentiated in three
regions: ovary, oviduct, and uterus with increasing diameter (Figure 1). In cross-section, these
regions present different aspects (Figure 2).

=22 YPIEBISAA 12,000 1& - (B HER _E0J5EB%8 500,000 & - RBBMDHIEE - ©#
JKEPRREM - R R - ESLERE - HARBNDH - KESANK RS EE

( Ascaris lumbricoides ) - MEBRE2EMABABRER @ BEREEZGBILNT £ - —H#2K

i —EMEm S — RO LUET 200,000 fESY - HMHEBRASEARENERRERE @ (S

LRI Ko 3 B00E (ovary ) - BUIE (oviduct ) XF= (uterus ) =@ZRM (E—) - =UHE
BERELEHUNUE (BZ) -

Figure 1. Structure of a Nematoda. Figure 2. Cross section of Ascaris
B— - Ra=iEE lumbricoides.
1.Pharynx, 2. Oviduct, 3. Ovary, 4. B_ - ismEtEE
Uterus, 5. Vulva, 6.Vagina, 7. Intestine,
8. Rectum

1.08 2.5 50%E 3.0P8 4.7 = 5.9M2 6.f28
7.0\85 8.5/%
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Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)

FIRITHIMRLESIERE (T ) SiEEsR (F ) RURGE (HND - —E—5)

A. The uterus is full of eggs because it is where they are collected before spawning.
F=ZEUNRTWEINRERNL - R IEF=AE R 7O

B. The letters b and c correspond to the ovary, e to the oviduct, a and d to the uterus.
bl c HEMWZINE - e Z2IEWIVE - a M d HENZF= -

C. The presence of several sections of the same region of the reproductive system indicates
that in this specific individual the reproductive system is haggard.

EEEZAPHESRUZIRZEAGUE - B REEEREENEERFCER
D. The letters b and c correspond to the uterus, e to the oviduct, a and d to the ovary
b cEZEF= - e SEWINE - aF d IeRIZONE -

Q23
Circulatory systems of two Fishes (P and Q) are shown.
miERE (P Q) WERZFWN NEFR

) oL

- a

Figure 1. Gills; 2. Systemic Tissues; 3. Heart; 4. Partially functional gills; ABO: Air
Breathing Organ

1.1.68 ; 2. BREAEM ; 3. Ol ; 4. B IHEERIER ; ABO: HIRZERZRE

Q23.1

Observe them carefully and mark the following statements as true (T) or false (F).
(4 points, 1 point each correct answer)

(FARERER EE - GBI THIMLESIERE (T ) SNElaR (F) BORGH (XS - —&E—%)

A. Oxygen saturation levels of blood reaching heart in P is higher than that in Q.
ZEPROBVMRTHESNENER QES

B. Under highly anoxic water body conditions, fish Q will have survival advantage over P.
ESERENKEF QR PERLGFES

C. Delivery of oxygenated blood to tissues is less in P as compared to Q.
PRAEMEZZFEABHENR QRE

D. Emptying of oxygenated blood from ABO to systemic arteries would improve the delivery
of oxygen to body parts.
I E Mt ABO ZRRREIKPEiL e R X2 SIS 5 A1
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Q23.2

The heart tissue or myocardium of fishes such as P and Q can be of two types. In many bony
fishes, it is entirely spongy and absorbs oxygen from the blood flowing through heart during
circulation. In many other fishes, myocardium is compact (non-spongy) and oxygen is supplied to
heart tissue via coronary artery. (Refer to the figure 1.)

PUP - QB4 - Ba0OkASS OB D AME - ZEEERVOKABZIR SRR - HERZE
HAERRARZEZ ORNIRFHEG ; MEMZSERBNVONSBETS (FEBER) - HER
EEREBENREIKES (FEZEE—) -

R s .
SRS R 4 (;/
NS

Figure 1. A. Spongy myocardium; B. Compact myocardium; 1. Myocardium; 2. Coronary artery;
3. Coronary vein; 4. Ventricular lumen. (Reference: Animal Physiology by Hill, Wyse and
Anderson. (3" Edition)).

B — A. B0 B BEBEIROA 1. 00 E 2 iR EN K 3 BARFK 4 DEEME

Mark the statements as true (T) or false (F). (4 points, 1 point each correct answer)
HIRITTSUMLESIERE (T ) SkE8:R (F ) BORUE (HM5D - —E—5)

A. Exercise performance or migratory abilities of fish with spongy myocardium will
be limited as compared to a fish with compact myocardium.

FBEREAN O AMAERBBIS O AR - BEEAONNREEENER
e NELEERZIR

B. For an active fish having spongy myocardium, circulatory system as found in fish
Q is more advantageous than the one found in fish P.

e PHNREONABES BN  QBNBERRAAITR P BENBIRAFEA
C. Circulatory system P is more advantageous for a fish with compact myocardium
tissue over a fish with spongy myocardium.

BIRZ% PHREAABOINNEMS - LEEBHEAVINNABER
D. For a fish with compact myocardium, the extent of delivery to the tissues will be
the same irrespective of the type of circulatory system.

HRBEEAZLOINRMNS - BRERAGNREENE - nEZASRENERZE
HERY
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Q24

When simultaneous deletion of two genes leads to cell death, deleting each gene individually does
not. This is known as synthetic lethality. Synthetic lethal compounds have been screened in order
to identify new drugs for cancer treatment, namely for breast cancer, where targeting different
DNA repair pathways is a promising strategy for BRCA1/2 mutated tumors.

BRZIFMEEREEHAMBWIET TE%UK?E-ﬁEUK%‘%@WEH@%EE’\]fﬁ%ﬁiﬁi\ﬂ@ﬂ%
(synthetic lethality) - AT RIEBBR K S EFE ﬂ/\ﬁiﬁflﬁﬁ’]?‘%%u/ B E ; H¥ BRCA1/23%E
HRIHMELE - 2R ER DNA BB E BEERSRME

[@ ) | |

v v

BRCAZ2 PARP1

Figure 1. DNA repair. DSB — double strand break; SSB — single strand break.
B—. 1. DNA {21€ - DSB : #GEZ - SSB : E G ERZ

Indicate whether each of the following statements are true (T) or false (F).
(4 points, 1 point each correct answer)

FIRIFHIMPLESIERE (T ) skiEsR (F ) RYRGH (3 F—EE—7)

A. Synthetic lethality is not a promising strategy since treatment with the identified drug
may cause death of both normal and tumor cells.
SBILIFRE BRI SAEEAERE - AR TILEZEY) oI sERISIER1ER A
AMBAAMRAISET -

B. Using an inhibitor against BRCA2 is not a successful strategy to target BRCA2-
deficient tumors.

A A BRCA2 rOHllHIEla % BRCA2 GRIEERIFLIEA S AL I

C. Inhibiting RAD51 is a possible therapeutic approach to target BRCA2 deficient
tumors.

#iH RAD51 @ —7Et# BRCA2 RIBF B TIBEBE A

D. The use of PARP inhibitors is a synthetic lethal approach to target BRCA2 deficient
tumors.

£ PARP % - oJRIE—72$t ¥ BRCA2 GRIGFLIZRYS BBSETT0A
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Q25

Iron is an essential nutrient for the vast majority of organisms, participating in several different
reactions and acting as a co-factor of many proteins. However, when not properly regulated and
stored, free iron can also be detrimental because...

HEARBOEVMHNMNEER.D  E2EIBARNKE  METUMUERZEEENEHEA T - 28 -
HEBEMFHERT  FRENETEENESE - HRRES.....

Indicate whether each of the following statements are true (T) or false (F).

(4 points, 1 point each correct answer)

FIBITRSIMPLEDIERE (T ) i8R (F) BORGH (H0U5 - —E—5 )

A. It alters redox-state mitochondrial proteins, promoting their reduction.
HERENHELENRREANEERRENRE  SRERRKE

B. It promotes iron intake from food.
MRt RS BRI B PREE

C. Itleads to the oxidation of different macromolecules, such as DNA, proteins and lipids.
RS ERESEARDF - fIW DNA - EREMEENEERE -

D. It promotes tissue healing and regeneration.

TS O e EAM B SN BE -
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Q26

The transcription factor p53 is a protein that regulates a variety of pathways including cell
proliferation, DNA repair, cell death and metabolism. In an experiment, hepatocytes isolated from
a healthy donor were cultured in vitro and the gene encoding p53 (TP53) was deleted. The impact
on glycolysis and gluconeogenesis was assessed by Real Time quantitative PCR (RT-gPCR),
comparing the wild type cell line (wt) and the p53 deleted cell line (ko).

AT p53 O LIAEZREARMEL - FINARIEE - DNABTE - AT RRH - EAER
o RERRESEEEANE I ESNAR - ETRIMEERE - FIFRMRENS p53 WER (TP53) - M
Z A BB EEF A fe3EHE 2 & (real-time quantitative PCR, RT-gPCR)ZEELER BF A B A A (wt) iR p
53 ERZIRAM (ko) - LIFPHIEE#EREIER ( glycolysis ) KIEEMEIERAD ( gluconeogenesi

s) WEE -

400+
e O po3 wt
3004 6 - 5 ey ® p53ko
Y zoo-i ‘3”—‘ §i ¥
100 i i i
| g, 0
gy 88 3 B
0 I I I 1 I I I
S & édk. € & &<t

X |

Figure 1 mRNA expression of different genes involved in glucose metabolism. Y — mRNA
expression; X- Housekeeping genes. G6PC — glucose-6-phosphatase; FBP — Fructose - fructose-
1,6-bisphosphatase; PEPCK — PEP carboxylkinase; PC — pyruvate carboxylase; HK —
hexokinase; PFK — phosphofructokinase; PK - pyruvate kinase.

B— - BHEERERAHBEENERE mRNAKWRKRIR - Y #75 mRNA 5RIR - X #1588 EH (house
keeping gene) - GBPC: glucose-6-phosphatase - EEI#E-6-HE&Es ; FBP: Fructose - fructose-1,6
-bisphosphatase - Ri# 1,6-Z LA ; PEPCK: PEP carboxylkinase - T4 {% i3 PO BRI B8 38 15318,
PC: pyruvate carboxylase - NEIELE LA ; HK: hexokinase - 7Nx#E#ES ; PFK: phosphofructok
inase - BifZ{ERIERES ; PK: pyruvate kinase - IR 2Es -

Indicate whether each of the following statements are true (T) or false (F).

(4 points, 1 point each correct answer)

HIBITSUMLESIERE (T ) SkE8R (F) BORUL (HM5 - —E—5)

A. Analysis of the graph suggests that p53 promotes glycolysis.
#EERERR p5b3 SR ENERRIEH

B. Glucose-6-phosphatase expression is regulated by p53.
Glucose-6-phosphatase FIZRIR 2= %l p53 FH1E

C. Inthe absence of p53 gluconeogenesis is downregulated.
P53 tAZ s - HEE M EIFHEHAE

D. There is no effect of TP53 deletion on either glycolysis or gluconeogenesis.

TP53 EASIR Wi ER EEM EFREAZ AR E
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Q27

Under normal feeding conditions, our glucose supply is obtained from food intake. After food has
been absorbed and subsequently stored, our body initiates a starvation period, initially referred as
postabsorptive state. If food deprivation is extended, we enter a prolonged fasting period that can
ultimately lead to death. At each stage, glucose is obtained via different strategies that are
sequentially put in place.

ELESREMRET  RMUZBEEFESHERNERE - E'RVRBRIUAHFERE - SEmERE
NENERSER - %ﬁ%éﬂﬁuﬁﬂkﬂc ° SR - E?%ﬁ?ﬁﬁiﬁv CAEMEEARZK USRI THER
RERH £S5 ERY  ZBEEARNREmESHER -

50-
— A
404 — B
— C
o 30
=
O 20
10
0 1 1 1 1 1 1 1 1 1 1 1 1
0 4 8 12 16 20 24 28 32 36 40 44 48
' PS ) PF '
h

Figure 1 Usage of glucose during different phases of starvation. A, B and C indicate different
sources of glucose. Gluc — glucose used (g/h); h — time in hours; PS — postabsorptive state: PF —
prolonged fasting.

B— - GlEARE TN AR EEENER - ABC BrEERENARRKIR - Gluc: HENEEE
(g/h) - h: /N - PS: BIRWGAES ; PF : IERER

100~ 7
Z
80— Y
60—
e Y @3
40— X
20
X
0

Figure 2 Percentage (%) of glucose production in different gluconeogenic organs. X, Y, Z
correspond to these different gluconeogenic organs.
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B - SEUETRHREMEFERSRE - IMERNBEEREE (%) - X - Y - Z 2 RIRREEET
BENEFERSRE

Indicate whether each of the following statements are true (T) or false (F).
(4 points, 1 point each correct answer)

FIRIFHIMRLE S IERE (T ) skiEsR (F ) RYRGH (H[U% - —E—5)

A. Onfigure 1, A corresponds to gluconeogenesis, B to glycogen and C to exogenous source.
B— - ABREENEIER - B AIE - C BINRIUEAIHE

B. Onfigure 1, A corresponds to exogenous source, B to glycogen and C to gluconeogenesis.
B—oh - ARINEMERINE - B RTHE - C RIBEENREFER

C. Onfigure 2, X corresponds to kidney, Y to liver and Z to intestine

Bt XBEWR Y &SIt zZ %505
D. Glycogen is an important source for glucose synthesis that can be found primarily in the
liver and adipose tissue.

HiEEZEFERTREMERAS  RREaEaNZEEZRR

Q28

In the motor end plate, there is a type of rapid chemical transmission, mediated by the
neurotransmitter acetylcholine (ACh). ACh vesicles are concentrated in the area of the motor
nerve closest to the muscle, the active zone, and are then released (via exocytosis) into the
synaptic cleft. Botulinum toxin has a great impact at motor end plate and ACh-mediated chemical
transmission.

ELEB?%*&%%U)EHZ,EMHWHL??FLE’Jﬂzﬂﬁ S & - Z EREERROREE/VEBED hTEE
WL SEOMNARMTT - BIFFEREHEE (active zone) RET AL EREREIRBRE R

( synaptic cleft) - ABEEREFZRHNE Eﬂ?@#&EﬁZ,Pﬂmﬁf‘@th1 EREEANTE -

~_ | |“
\f'j -ACh
5:—-__ = e

'|_ wﬂ]{ﬂm

Figure 1 Motor end plate. Impact of Botulinum toxin. BT - Botulinum toxin; M — muscle; SC —
synaptic cleft; Ach — acetylcholine; A — motor axon.

E— - BEEWR - RBFFRERER - BT : AFKRESEER - M: A ; SC : REGMEPS ; ACh . L
fEmg ; A: BENBEHIEZR -

Indicate whether each of the following statements are true (T) or false (F).
(4 points, 1 point each correct answer)
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FIBITRSIMLEDIERE (T ) KEERR (F) BIRGH ( £y - —E—5)

A. Botulinum toxin blocks the release of ACh
RBEEBREMHE O BIEEER

B. Botulinum toxin promotes constant muscle contraction.
REREEREREFENVN AU

C. Botox, the alternative name of botulinum toxin is produced by the fungus Clostridium
botulinum

Botox - EREREHRNVAE - ARASEREEEERMES
D. Under steady-state conditions ACh release from the motor axon allows action potential.

REMET - RESSAMRAEMN MR EEEFEN

Q29

Thermogenesis is the process by which organisms produce heat. Heat production is mediated by
uncoupling protein 1 (UCP1), which uncouple the proton gradient formation of electron transport
chain from ATP production, in oxidative phosphorylation.

ERFABEEELEHEZERRRE  TEEEBMMBIERD-1 (Uncoupling protein 1, UCP1)
HERE(EHERIEBRED  BEFEEBEARUENATPHEFREESE
250

200 .

Figure 1 mRNA expression of UCP1 gene comparing two different polymorphisms (X and Y).
B— - MEARZHEERX A Y)d UCP1 EEZ mRNA FRIZRILLES -

Indicate whether each of the following statements are true (T) or false (F).

(4 points, 1 point each correct answer)

IR FHUMPLESIERE (T ) 3kEE:R (F) BIRUE (XD - —F—57 )
A. On figure 1, the expression of UCP1 could relate to polymorphisms found in
European (X) and Arctic (Y) populations
B —#~ UCP1 EAEIZHAERIERIR - Hoh X2RBEN - Y KRB Rt
B. An increase in UCP1 expression can be an adaptation to regions with high
environmental temperatures.

UCP-1 RIS L7 - IR AERES RIFRERBERIER -
C. Non-shivering thermogenesis occurs primarily in white adipose tissue
FERERFRETERERASHEN -
D. In humans, brown fat progressively reduces from newborn to adults.
ANEZiReEERBEMERAIRE - SEFRFERD -
Q30
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Figure 1 shows histological section of the thin skin is depicted, where the different tissues that constitute
the skin can be observed. (1) is the external part, which is exposed to the air.

EB—REBNAEMIE - B oBRZEEREEZAR - (1) RRBERERZIINBE

Figure 1. Histological section of the human thin skin. Mixed haematoxylin (purple basic dye) and
eosin (pink acid dye) staining.

B —: A & Ki#S(Hematoxylin - SR 4 H)-F4L(Eosin - MALBE M RTE) HIFNAEEKE
ZAMRE R -

Indicate whether each of the following statements are true (T) or false (F).

(4 points, 1 point each correct answer)

FIBITRSIMPLEDIERE (T ) SUEEER (F) BIRGH (£S5 - —E—57)

A. (1) and (2) are, respectively, the dermis and the epidermis

Bh(1)mEK - (2)/%KRK
B. In mammals, (1) is a dry, keratinized, tissue that prevents water loss from the
body as an adaptation to terrestrial life.

UM EMS - RERENEE(1)SEZREBB(EZEM - IR ER

c. (3)are cells that accumulate a pigment in order to protect the basic layer of tissue
(1), where the germinal (stem) cells are present, against the deleterious action of
ultra-violet radiation.

£ () WAIRPOEE—REER  HEEXIMENEFESELUREN)ANERRR
AR EEE AN -

D. (3) are cells that accumulate a hormone called melatonin.
(3)m o] RieHRE AR
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Q31

The following figure depicts a histological section that represents a physiological system where
two types of cells interact. Striated skeletal muscular fibers of the mammalian body contract under
voluntary decision.

NEHES Y BRI R - AR TMEAREEFRNEERR - BILBYERASEIBEL
A - DI RER S ULAE -

Figure 1. Histological section. (1) Nerve bundle (2) Individual axons (3) Muscle fibers (4)
neuromuscular junctions. Striated skeletal muscle is stained in pink and the dark staining is the
result of acetylcholinesterase activity.

B — - st R BN (1) fASR (2) E—303R (3) AldiAE (4) MEANEL - BRARIB BRI
WAL - RAFRENE N HEB R JMIEMmERES -

Indicate whether each of the following statements are true (T) or false (F).
(4 points, 1 point each correct answer)

HIBITHIMLESIERE (T) SRR (F) BIRGE (HNS - —E—5)

A. Individual axons use acetylcholine as neurotransmitter. A single axon can innervate
several fibers and give rise to a coarse and uniform movement of several fibers in the
muscle while a “one axon-one fiber” type of neuromuscular junction gives rise to a very
fine-tuned and precise movement of individual fibers within the muscle

BRANBOBRRIFR@AEENE BRI AE BN EHE - SRS IR #EE

THEE - ZBE - 28M - "1 #8021 WA o BN A ES AR R ERENZE -
B. Individual axons use adrenaline as neurotransmitter. A single axon can innervate

several fibers and give rise to a coarse and uniform movement of several fibers in the

muscle while a “one axon-one fiber” type of neuromuscular junction gives rise to a very
fine-tuned and precise movement of individual fibers within the muscle.

HMRANAE LRRFHOLEEDE - E—WROUFZRIEHE - SRS IR AEE
ETHEE 2B - 2 - 1 HR-1 @ o) NEEARMBEERENEE -

44



IBO CHALLENGE II - IBO 2021 — PORTUGAL
THEORETICAL TEST

C. Individual axons use acetylcholinesterase as neurotransmitter. A single axon can
innervate several fibers and give rise to a very fine-tuned and precise movement of
individual fibers within the muscle while a “one axon-one fiber” type of nheuromuscular
junction gives rise to a coarse and uniform movement of several fibers in the muscle

BHRA H O BEIE R B Bs (F R A BEYE - B—MRoI XS IRMNA%E - ENRELM
oA EEAERVTBED - 28T - "1 SR RLAAE ol SRS IR A ETHEIEE — B2
& -

D. Individual axons use serotonin as neurotransmitter. A single axon can innervate several
fibers and give rise to a very fine-tuned and precise movement of individual fibers within

the muscle while a “one axon-one fiber” type of neuromuscular junction gives rise to a
coarse and uniform movement of several fibers in the muscle

HRFAMBERIFAMEBENE - BRI RY @A - FH P EE MBI
BEfsENZE - i1 BR-1 AL oS S IR Al E TR E - B 2% -
Q32

The following figure is a scheme that represents the Vertebrate spinal cord and the three connective
tissue membranes (4) that ensheath it.

MERRERBESN ZEBN BB N =EEHFASE 4) WrREE -

Figure 1. Schematic representation of the spinal cord.

BB REE
Indicate whether each of the following statements are true (T) or false (F).
(4 points, 1 point each correct answer)

FIRIFHIMPLE S IERE (T ) skiEsR (F) RYRGH (H[U% - —&E—5 )

A. (1) is the white matter, which consists of neuronal cell bodies and glial cells such as
astrocytes and oligodendrocytes

(1) 2BE - BT AR ZS 52 A0 18 42 2 41 e 40 2 AR 40 e A0 55 2R B2 400 el 48 A
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B. The white matter (1) and the grey matter (2) are in the same relative position to one
another in the brain, when compared to the spinal cord: (2) inside and (1) outside,
closer to the meninges.
AP ZBE (1) MKE (2) W 2IRBENHEBNE - AMEFERLE - (2)EAAl -
(DAESMA - BB EeihaE -
C. (4) are known as the meninges and are named pia-mater, arachnoid and dura-mater.
(4) MESIE R - Wi AEAEE - WAREAMEKE -
D. (3)are blood vessels (arteries and veins), located between the arachnoid and the pia-
mater meninges, that irrigate the spinal cord nervous tissue.
(3) BRIME ( EBARMANK ) - URKAERMETIEZE - AUREREEGSEEED K
Y -
Q33
Organoids are three-dimensional culture models where cells grow and differentiate into several cell
types, allowing a partial reconstitution of a complex cellular organisation where organotypic
interactions can take place and so mimicking some of the functions of the respective in vivo organ.
Providing the proper stimuli, such as culture medium supplements, appropriate growth and
differentiation factors, hormones, etc, as well as an adequate physical scaffold, tissues can self-organize
to a certain extent and generate organoids that have proven very useful in basic and applied biomedical

research. One of the examples of organoids that have already been successfully produced in several
laboratories are brain organoids (the so-called “mini-brains”).

HBREEBEE 3D HERE R . Mo ERIEMEAZEAMREE - DURHEMAHMR A
HMHER  WoEILHRARENAR ZAHEER - MolREEERNRERE 28 - HFRHEESHRI -
MIBEEMAL - BENERNDERT - BERSE - UKEONYBERR - HRNAST BHAS NSRS
BBE  AEMRBERLENEZERARERMANEERKER - BERALERECUZBIREE -
FRINIE B AN 7 R8s B 15 B 5 A (TR A 2K IR AH) -

Indicate whether each of the following statements are true (T) or false (F).
(4 points, 1 point each correct answer)

FIBITRSIMLEDIERE (T ) EER (F) BIRGH ( £y - —E—5)

A. Using organoids made from cells harvested from a specific donor carrying a
particular disease would make them especially useful for studying the disease
progression and the personalized use of therapeutic agents in that particular
patient.

HHEERKRERNEREAN  HEAREETESERES  UEREX 7RIS
KRR 3 RIBRE - Wol AR Hm B 2 amEY) -

B. Organoids are safe biological materials to be transplanted in human patients.
HREHRBEZENEYMR - IREERERE

C. Entire organs (a whole kidney or liver, for instance) can easily be grown in vitro for

the purpose of transplantation into patients, with no limitations, making organoids
a useless technology.

HRANARIMEETSRRERE (HIWNcESH - i ) DUREHRERENE
PR ERBE A —EEHBE 2RI

D. “Mini-brains” are appropriate models to study complex behaviours in vitro.
IR AR EITISIMAR BT RNESET
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Ethology TR£

Q34

Cicadas are singing insects whose presence is easily detected by the male-calling
song during the mating season. Figure 1 shows species of the genus Tettigettalna, a
group of small-sized cicadas from southern Europe with similar morphology but distinct
male calling songs. They have overlapping distributions, being often found in sympatry,
suggesting an important role for acoustic behaviour in their diversification and
maintenance of reproductive isolation between sister species. In fact, results from
acoustic, morphometric and genetic analyses showed that T. mariae and T. argentata
from the southernmost locations exhibit significant acoustic and morphological variation
without genetic differentiation. These results may point to different scenarios.
Statements are specifically about T. mariae and T. argentata.

EZRISIENE SR - MNGERSSEHEMTEEZEREZER -B1 BT
Tettigettalna B HEI D MTE - — B EBHACIEERKEMmER/N\EE  BEMEBHEE
AEWEIEE - tEEEEMNHH  BRIRARIEEE  BERRETAN D EEH
BARBKEENEERE B TEENAE - FE L - REEBT - HREEREE
HIDITRIGER - B R RE&RMER T. mariae 11 T. argentata EMEE - 2IRLESZ AL
RINBEER  BREBNER - EEARUEEOAENEHE - St

T. mariae and T. argentata.= Wi B FERI AL -

TR

Figure 1 — Several cicada species from genus Tettigettalna
1. BI7E Tettigettalna BRI1E

Indicate whether each of the following statements are true (T) or false (F).
(4 points, 1 point each correct answer)

RHETHIRMOEERE (T) S#ER (F) (45 BEEEEE1S)

A. A past introgression episode between the two species
EmEYEEREREHAEERARM

B. There is no gene flow between these sibling species, but they still retain ancestral
polymorphism.

EEMELFRERLSERERARR - BEMMINERAETNZEN
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C. T. mariae haplotypes are only found in T. argentata specimens sampled in
sympatry or allopatric locations within predicted past distribution of T. mariae.
Since these haplotypes are not present in the majority of T. argentata distribution
area, they are likely to belong to the original gene pool of T. argentata.

T. mariae WEEERERBEAN T. argentata IREZET - HIRERTEBREZRE
AP IR - RAELEERREELIRAE T argentata D HEIGANWIEER
PR BIBEE AR T. argentata IR EEE -

D. Divergence in acoustic behaviour probably restricts gene flow in sympatry.
ISIE1T A2 E o] BETE EIE AT T BREIERE IR -

Q35

Cicada orni is one of the most abundant and common cicadas in Mediterranean areas
of southern Europe. Males of the species show intense acoustic behaviour. The
analyses of the structure of the calling song in C. orni over a wide distribution range of
the species in the Mediterranean region was performed to better understand the
pattern of its geographic variation. Figure 1 shows some of the studied acoustic
variables.

BROMIESE ( Cicada orni) ErEI P BRERE RAE - IEEMEREINBIETS -
o EMEMtEREAR SR C. omni tFISIEMAER - LUE—DH 7B ithfEtE D%
SEOBE - B 1 BrELEBEERNME -

These acoustic variables revealed some variation among specimens from different
regions, such as shown by in Figure 2.

ELEEEEREARERBANERE—LEE - B 2 Pk -

.

C l;;ec--s
I

LT
I3

2 = T3 puen nte g e
B [
[
"4 02 04 : 08 08

Figure 1. Calling song of C. orni A. Oscillogram (amplitude vs time); B. Sonogram
(frequency vs time); C. Mean amplitude spectrum (frequency vs amplitude). 1. Echeme
duration (s); 2. Inter-echeme interval (s); 3. Peak frequency (Hz). 4. Intensity (V) 5.
Time (s). The echemes are composed by groups of pulses, and the duration of the
interval between them is the inter-echeme.

1 C. orni IIRIE - AJKELE ( kMR vs IHfE ) ; B EKE (1BX vs BB ) ; C 15
&g (JER vs iRkl ) - 1.ZE8RE (s) ; 2.Z8ENER (s) ; 3EXRZSIE (Hz) ;
438F (V) ;5.8 (s) - BESHHREAZKEAEN  EEONZEAEZHER -
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Figure 2. Boxplots of three acoustic variables of the calling song of C.orni in (I) Iberian
Peninsula, (ll) France and (lll) Greece. Regions with significant differences (Mann-
Whitney, p«0.05) share no letters. 1. Echeme duration (s); 2. Inter-echeme interval (s);
3. Peak frequency (Hz). The echemes are composed by groups of pulses, and the
duration of the interval between them is the inter-echeme.

2 —EEROEOMNEE Comi IRIEN=BEIEE - (1) FLEAZ¥E ( Iberian
Peninsula ) ~ () A ~ () Bl  SELEME Y BEBABREERE (HET2F
p«0.05) - RIIARIZEHMER - 1. BEFERE (s) ; 2 ZEENER (s) ; 3JERE
Sl& (Hz) - BESMEADKEAN  EEONZEEEHER -

Indicate whether each of the following statements are true (T) or false (F).

(4 points, 1 point each correct answer)

RE TR IERE (T) kiR (F) (49 BEEEZEE1S)

A. Echeme duration is not important in species recognition.
BHEFEREOEYEINHNEAER

B. Inter-echeme interval is probably not important in species recognition.
FHENEREYEINHEAER

C. Iberian Peninsula appears as the most differentiated area.
FPLEFIZE¥ E ( Iberian Peninsula ) &1 E I

D. Differentiation in Greek specimens might have been the result of strong
geographic isolation.

FmENYREEZEM o BE RS ERIHIE D FRPTE MY
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Genetics and Evolution EEEBF E{EAEYE

Q36

Antibiotic resistance is a constant Public Health problem as more antibiotics are rendered
ineffective by drug-resistant bacteria which have developed resistant mechanisms to
conventional antibiotics.

Bacteria can resist antibiotics via different resistance mechanisms. In the figure below, identify
the mechanisms A — D from the list 1 — 6: (4 points, 1 point each correct answer)

$714 2% (Antibiotic) FUBE Y — B ARG RS - MRHS A RRMEEE AEREITIAY - M5
G A A R E RS - B REE 1-6 PR TH D A-D AU EH
(4%  EH—EEREES149)

@ Antibiotic

mER

1. Modification of the antimicrobial drug target.
MR YRR E TS

2. Production of hydrolytic enzymes, such as B-lactamases, that inactivate the
surrounding antimicrobial drug.

B4 KEEEEINB-lactamases B BN EZEY K EE M

3. Production of bacteriocins that destroy the antibiotic.
EERERWENER

4. Reduction of the antimicrobial drug concentration in the intracellular environment
by pumping them out before they can take effect.

EYIER - RAERANREEYER L ADRERANRE
5. Antibiotic degradation inside the cell
RINERERAD R
6. Natural resistance due to an unusually impermeable cell membrane or lack of the
target recognized by the antibiotic

EERANELNRRAMREEE I AREMNE RS ol R E RN ERRY
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Q37

Concerning the mechanisms of action of antibiotics and the molecular mechanisms responsible
for antibiotic resistance and spread.

BRI R F RS R ZE M A REEN D 1

Indicate whether each of the following statements are true (T) or false (F).

AEd NS RILZIETE (T) &R (F)

A. Antibiotic resistance can be acquired through mutations in the bacterial DNA.
AETIAHE DNA REMESNERNEY

B. The presence of antibiotics is thought to play an important role in antibiotic
resistance (selective pressure). This suggests a Lamarckian mechanism of adaptive
evolution.
MERZGERRRAERER)  aNERNEMELE MESZAE  LERKRES
— BN S e A s (Al

C. Plasmids, belonging to a class of genetic elements known as mobile genetic
elements, can transfer antibiotic resistance genes when moving from bacterial cells
to eukaryotic cells.
BREEREIMEEYE  EHRAERIHIEZARKIEERETNEEER

D. Chloramphenicol is a bacteriostatic antibiotic that inhibits the peptidyl transferase
activity of the bacterial ribosome (responsible for peptide bond).This directly
prevents transcription.
AMREZ—EIFAENNER - IIHAEZREENREEREEY (AEMAR
TRk ) e #EME FE A
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Q38

Advances within biotechnology, genetic engineering, and synthetic chemistry have opened new
possibilities towards the search for antimicrobial treatment of bacterial infections, which can
substitute for antibiotics. Some are currently undergoing clinical trials, while others are in different
stages of research. Some will work by themselves, while others exhibit the potential to act
synergistically when combined with certain chemical antibiotics already available on the market.

EY i BETRENREREENERDHERRANNE EFA AN IENERENMEY - 5
LHRIEEARRKRGDER  HERIEEARRMFEMEER - BLEAMUBETIER  BLEERRLEE EHt
BRERGHEREK - IESHREERZE

Match the new antimicrobial therapies on the left (1-6) with the advantages mentioned on

the right side of the table (A-F) below:

ARAES (1-6) MMEAEESGR (A-F) FRIIEEIHETRY

New promising antimicrobial therapies Advantages
RV E A B2h
1. Antibodi A. Silences gene expression of resistance genes by
- Antibodies interfering with their transcription.
i e . I
nie T EEREERR S I LUDH R 2 ERRRIR
2 Probiotics B. Safe method,'because dq not possess any affinity
o whatsoever with eukaryotic cells.
mEE

ELZEWNTTE - REEZARABE QR

w

. Bacteriophages /phage therapy

Aok == Gk

MREE RS / KB S8 B

C. Enhances the human microbiota. When consumed or
applied to the body may bring health benefits.

BIEABNEYEHE  ERENEREAETAEREE

4. Antimicrobial peptides
MEMA

D. Specificity and the inability of bacteria to develop
resistance against them.

BEE—MREAERIEEHRNYE

5. Lysin therapy
A Rl R B

E. Causes disruption of the bacterial membrane and can
be used in the treatment of bacterial, fungal and viral
infections, as well as in the prevention of biofilm
formation

SERAEEEER - LU EME - BE RS Y
FRIEEYMIEZ A -

6. Antibacterial oligonucleotides

1

NESERZER

F. Targets one of the five bonds in peptidoglycan (murein)
and amounts in the order of nanograms cause
immediate lysis of the target Gram-positive bacterial
cells.

PARC B (murein) RO T Bl 45 2 — B2 - EFZR52(nano
gram)RERNT S BB KB EMEIIENER -

52




IBO CHALLENGE Il - IBO 2021 — PORTUGAL
THEORETICAL TEST

Q39

SARS-CoV-2 is a coronavirus (CoV) that emerged in 2019 and is responsible for the COVID-19
disease in humans. Other coronaviruses affecting humans are the SARS-CoV and MERS-CoV,
responsible for the previous epidemics Severe Acute Respiratory Syndrome in 2002, and Middle
East Respiratory Syndrome in 2012. Transmission of coronavirus to humans has likely occurred
through civets for SARS-CoV and camels for MERS-CoV. The origin of SARS-CoV-2 is under
intense debate. Studies based on full-genome CoV variants isolated from bat (Bt), pangolin (Pn),
camel (Cm), civet (Cv), pig (Pi) and humans (Hu) have provided information on the ancestry and
evolution of coronaviruses. Several authors suggest a zoonotic origin and different hypotheses
have been proposed about the last animal intermediate before transmission to humans using
phylogenetics.

SARS-CoV-2 2—T&EAESE (CoV ) - IR 2019 FHIR - BiEMALE COVID-19 HEmAITTS -
HtEZAENERABE S SARS-CoV ] MERS-CoV - B Al2iEA 2002 FREa M

I R S8 AE & A% A1 2012 PR IRAEIE R Z R ITImAVEEIR - SARS-CoV #l MERS-CoV RYE R
55 Ol BE D RIS B F MM E4 AL - T SARS-CoV-2 WEEIRIBIEINERAZIFERSP - £KH
DITHEIRIE (Bt) ~ ZFLIUE (Pn) -~ 588 (Cm) - BE&% (Cv) ~ % (Pi) MA%E (Hu) 459
HMEAREERNEAESE (CoV ) ZERAMR - Bt rAERmE ZHEMEENER -
ZUBERE T ABHBROER - HBEBEGREBER CoV BRBAE ZANRE—EZNY P
BEEERL F AERE

Figure 1 below shows an inferred phylogeny from the ORF1ab genomic region of coronavirus.
The prefixes of virus names indicate the host species. The strains A (isolated from bat), B (isolated

from pangolin) and C (SARS-CoV isolated from a human in 2003) are also represented in Figure
1in Q40. HuCoV2 WHO01 represents the human SARS-CoV-2 isolated from Wuhan, China in 2020.

NEE 1 BN 7Bk mE ORFlab ERAE L NG % - REIWAIHERARETY
& - B A (TEIRIED DR ) B (WEFWHP P8 ) 71 C (2003 FiEAEDBELAY SARS-
CoV ) tE7E Q40 K& 1 &R - HuCoV2 WHO1 {3 2020 SR P EIRZE D B HAI AR
SARS-CoV-2 -
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PiSADS

——CmMERS

——HuMERS

——HuSARS (C)

——Cv007-2004

N1 —BtRs4874

N3 ——Btrec-SARSg

—BtYN2018C

—BtYN2013

N2
—HuCoV2 WHO1

——BtzC45 (A)

N4
- PnGX-P2V (B)

Figure 1. Topology of the phylogenetic tree inferred from the ORF1ab genomic region.
Coronavirus analysed were isolated from different hosts (represented by different colors in the
tree): Bat (Bt): BtRs4874, BtYN2018C, BtYN2013, BtZC45 (A in Fig.1 from Q40); lab recombinant
(bat+cell culture): Btrec-SARSg; Pangolin: PnGX-P2V (B in Fig. 1 from Q40); Civet (Cv): Cv007-
2004; Camel (Cm): CmMERS; Pig (Pi)(PiSADS); Human CoV variants (Hu): HUSARS (isolated in
from a patient in 2003, C in Fig.1 from Q40), HUMERS, HuCoV2. Data from Sallard et al. 2021.

1. £ ORF1ab ERAE I HEHIRZRAGRENAELE - PMBEARBEIBNERES (&
FETHAAREERR ) : RiE (Bt) : BtRs4874 - BtYN2018C - BtYN2013 - BtZC45 ( &l 1
FR A RE Q40) ; ERZEEH (IRI\E+AIEEE ) : Btrec-SARSg ; ZFLLEF : PnGX-P2V (
1B - KE Q40 ) ; BEEJE (Cv) : Cv007-2004 ; BZEZ (Cm) : CmMERS ; 3% (Pi)

( PiSADS ) ; A CoV #2252 (Hu) : HUSARS ( 1 2003 FHNEZEBEDTHEE - B 1 PHIC K
B Q40 ) - HUMERS * HuCoV2 : &1 Salard A 2021 &R -

Based on the inferred phylogeny, indicate whether the following statements are true (T) or false
(F). (4 points, 1 point each correct answer)

RIFHEORRIIRZRA R - IBE THIRGEIEIER (T) S8R (F) (45 BEEEERE19)

54



IBO CHALLENGE Il - IBO 2021 — PORTUGAL
THEORETICAL TEST

A. The most recent common ancestor of human SARS-CoV and SARS-CoV-2 (HuCoV?2)
is N2.

A#H SARS-CoV #] SARS-CoV-2 ( HuCoV2 ) Wi EIHETE N2 -

B. The lineage most closely related to the human SARS-CoV-2 (HuCoV2) is the bat
isolate BtYN2013.
£3 A\ $8 SARS-CoV-2 ( HuCoV2 ) &ZIRFENE 2 2 IRIE D Bk BtYN2013 -

C. The Pig (PiISADS) lineage gave rise to all other coronaviruses shown in the phylogenetic
tree
TERZAGRE PERFE (PISADS ) EREL F B P AR REE

D. The recombinant bat isolate (Btrec-SARSsg) obtained from cell culture in the laboratory
is not directly related to SARS-Cov-2, as descendent lineages from their common
ancestor include other isolates.
HERE=ANEEPESNEAIRIE D BEK ( Birec-SARSsg ) #2 SARS-Cov-2 8B H##
Bk - RBMAENEEAETSHERZEZPREREIEEM DB -

Q40

The coronavirus genome is about 30,000 nucleotides, organized in ten genes (represented at the
top in Figure 1 below), including the ORF1ab, coding for a polyprotein precursor involved in
replication, and the S gene coding for the spike protein that recognizes the receptors of the host
cells. Profiles of Percent of Identical Positions (PIP) reveal the percentage of sites that are identical
between two genomes. Figure 1 below shows PIPs produced from full-genome alignments
between the SARS-CoV-2 and three other coronaviruses (A: bat CoV isolate; B: pangolin CoV
isolate; and C: human SARS-CoV isolated in 2003).

ik ERHE AL 30,000 EZEE - B 10 BEEAR (W0 HNE 18 EEPRER) - S —(E
IES BB EIBENZERERIGE ORFlab 2R - DIKAREEHRIEFARZENMES S EA -
MHEMEB DL (PIP)YRER T MEEEARHEEAURMNE DL - TEAE 1 R 7B SARS-CoV-2
MEM=TEERES (A : IR CoV 2Btk ; B : ZELUE CoV 28K ; C : 2003 F BRI A LR
SARS-CoV ) ZEMEERFAL¥PTESER PIP -

ORF3a ORF6
ORFlab = DorFs
SARS-CoV-2 [ > o

D
E ORF7a" ODRFIO

" o o~ .
A AT A eong I

I AN e 2V \

PIP (800 bp-averaged)

60 _ A
— B
50 -
— C
40 i
T
0 5000 10000 15000 20000 25000 30000

Figure 1. Profiles of Identical Positions (PIP) along the genome between human SARS-CoV-2
and other coronavirus sequences isolated from bat (A), pangolin (B) and human SARS-CoV
isolated in 2003 (C).

1. A%E SARS-CoV-2 B2t 4RiE (A) ~ ZF 1L (B)# 2003 F 2 BRI A2 SARS-CoV(C)EHE MK
MREFS zBEREHERNMES D L(PIP) D MAE -
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Based only on PIP results from Figure 1 indicate whether the following statements are true (T)
or false (F). (4 points, 1 point each correct answer)

EMRIRRE 1 PRY PIP SRIEE THIRGRIELERE (T) N8R (F) (47 BELEEZERE19)

A. The fact that important genomic regions in the infection/viral replication process
(highlighted in yellow) have lower PIP indicates that SARS-CoV-2 originated from
SARS-CoV.

RAREERERTHNERZERNARE (UEeREER ) BEAREPIPHNEE
ﬁéﬁ?ﬁtlj SARS-CoV-2 JRE ¢ SARS-CoV -

B. The genetic similarity in the S region between pangolin and human SARS-CoV-2

is lower than that between bat and human SARS-CoV-2. Given the importance of

the S region on the cell infection process, this shows that the last animal host
before transmission to humans was a bat.

ZFLIEEL A SARS-CoV-2 7 S BRIEEAR LI ER IRIEE A SARS-CoV-2 7 Y
EEACM - B S BEERAAMBEINERY  BREBEREABRZAINE
B—(EEE T 2IRE -

C. Recombination between coronavirus infecting bats and pangolins can explain that

a pangolin isolate is closer to SARS-CoV-2 at protein S whereas a bat isolate is
closer to SARS-CoV-2 in the rest of the genome

RURIRIEAN ZF L P ENm S Z B EH D LI SARS-CoV-2 EERE S B

LEFU.IEF' YERAK - 1 SARS-CoV-2 EERAREERE D BT RIS BEK -
D. The phylogenetic relationship between the pangolin isolate and HuCoV2 would be
different at the S gene than at the rest of genome.

Z B HEHA HuCov2 ZRINEEEE - & s ERAEERANESEEAR
R -

Q41

Knowing that a population of a diploid organism is at Hardy-Weinberg equilibrium for a certain
locus with 5 alleles (a1, a2, a3, a4, a5) and knowing that:

SRS _EREY 2GR -  ®EB 5 ESUER (a1 a2 a3 a4 ab) WEEREZRIGEW
& WHBEH :

o the relative frequencies of certain alleles are: a1=0.2,a3=0.2, a4 =0.2;
HUZSUERANHEEEERS 1 a1=02-a3=02 a4=0.2;

o the relative frequency of the heterozygotic a4a5 is 0.04;
FAISF adab WAEEIERS 0.04 ;

¢ the homozygotic a2a2 is 0.09.
EE S ¥ a2a2 4 0.09 -
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Indicate whether each of the following statements is true (T) or false (F).
(5 points, 1 point each correct answer)

e FYIRGAOELER (T) E:R (F) (59 BELEEZERE19)

A. The frequency of the allele a2 is 0.03
ZMER a2 RS 0.03

B. The frequency of the allele a2 is 0.3
ZMER a2 FEERS 0.3

C. The sum of the relative frequency of the five alleles is 1
hESENERZ HEERNBNS 1

D. The sum of the relative frequency of the five alleles is 2
hESEMERZ B ERABNL 2

E. The frequency of the allele a5 is 0.1
ZNMER ab RIEERS 0.1

Q42

Based on several mitochondrial DNA genes it is possible to obtain the phylogenetic
relationship among the five bird species of the genus Columba. Samples from the
species Columba junoniae and Columba bollii are from the Canary Islands, Columba trocaz from
Madeira Island, Columba palumbus from Europe (mainland) and Columba arquatrix from Africa.

KIBRUENIARAS DNA ERER - ol DUERBSBN A EYE 2 ErEZ R % - Columba junoniae
1 Columba bollii _ ) &R AR B Canary & - Columba trocaz RE Madeira & - Columba
palumbus KRB EM ( KBE ) A1 Columba arquatrix 2REIEM -

Assuming that the cladogram shown represents the most parsimonious phylogeny:

REREEMTHIXFENREBFORZE G
Indicate whether each of the following statements is true (T) or false (F).
(5 points, 1 point each correct answer)

AR THIREOE LR (T) XEER (F) (57 BELEZEE19)
Columba bollii

Columba trocaz

Columba palumbus

/ Columba arquatrix

Columba junoniae

Cladogram representing the phylogenetic relationship among the five bird species of the genus
Columba.

RREBHNAYEZ BV GRZRNSFE -
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A

The two Canary Island species are phylogenetically close to each other than they
are to any other species of the cladogram

—{& Canary B S5EBYETRZAARIARL - MAZESFENEMYIERNRL
One of the Canary Islands species is phylogenetically close to the Madeira Island
species than they are to any other species of the cladogram

VX B Canary 3 &P —ES BB ER G R % LB Madeira Ea5EY)BRIBIALE
HRZ ARG FENEMEE AT

The European and the African species are in the same clade and are phylogenetically
close to each other than they are to any other species of the cladogram

BUNSSBYRENIENEEBYEER—XFF - WHERZRA G LIRS - AZHE
X FERE thERRT
The two Canary Island species have two different origins

Canary SR &) 1& 7 M {E A B RIFER
The Madeira Island species is phylogenetically close to the African species than they
are to any other species of the cladogram

Madeira S¥)f@ MR &A% CEZOIENME - MAZASZFEFHWEMYERL
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Q43
Several codons of the mitochondrial DNA cytochrome b gene are shown.
HMI#RES DNA Aif R b ERANEEZRE 7 - I FRAR

Columba junoniae

AAC GGG ATA CGT ACA GAT ATC ATT CCC CTA TAT CGG CCA CCC CTT ACA
AAC AGG ATA CGT GCA AAT ATC ATT CCC CTA CAT CGG CCATCC CTT ACA
GAC GGG ATA TGT ACA AAT ATC GTT CCC ATA CAT CGG CCA TCC CTT ACA
GAC AGG ATA TGT ACA AAT ATC GTT CCC ATA CAT CGG TCA CCC CTT ACA
AAC GGG ATA TGT ACA AAT ATC GTT TCC ATA CAT CGG CCATCC CTT GCA

Columba arquatrix
Columba trocaz
Columba palumbus
Columba bollii

Partial sequence of the mitochondrial DNA cytochrome b gene
HI#RAE DNA Z Al = b EEKER D Z 5!

The Vertebrate Mitochondrial Code (* Indicate a stop codon)
Fld A RH (X 2782 %BF)
TTT F Phe TCT SSer TAT YTyr TGT CCys
TTC F Phe TCC SSer TAC YTyr TGC CCys
TTA L Leu TCA S Ser TAA *Ter TGA W Trp
TTG L Leu TCG SSer TAG *Ter TGG W Trp
CTT L Leu CCT PPro CAT HHis CGT RArg
CTC L Leu CCC PPro CAC HHis CGC RArg
CTA L Leu CCA PPro CAA QGIn CGA RArg
CTG L Leu CCG PPro CAG QGIn CGG RArg
ATT llle ACT TThr AAT NAsn AGT S Ser
ATC I lle ACC TThr AAC NAsn AGC S Ser
ATA M Met ACA TThr AAA KLys AGA *Ter
ATG M Met ACG TThr AAG KLys AGG *Ter
GTT V Val GCT AAla GAT DAsp GGT G Gly
GTC V Val GCC AAla GAC DAsp GGC GGly
GTA V Val GCA AAla GAA EGIu GGA GGly
GTG V Val GCG AAla GAG EGIu GGG G Gly

Based on DNA sequences and the Vertebrate mitochondrial DNA code:
Indicate which sentences are true (T) or false (F).
(5 points, 1 point each correct answer)
KIBFIZ AT DNA RO E BN I 4R BS DNA B4
B RO EIERE (T) SkE8:R (F) (57 @  BEEEEE19)
A. There are no amino-acid substitutions between species Columba junoniae and
Columba bolli in the codons shown.
FERRERE P - Columba junoniae #1 Columba bolli ¥)1& 7 )2 BRI E B AU -
B. There are two coden substitutions between species Columba trocaz and Columba
palumbus in the codons shown
FERBRNZEF3 - Columba trocaz 1 Columba palumbus ¥)7& 7 [E1 8 M {E 23 15 F
HRAC

C. One amino-acid substitutionfrom Columba arquatrix to Columba junoniae , in the
codons shown, is from Ala to Thr
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FEFENNEASE T - £ Columba arquatrix El| Columba junoniae &) — &2

EREHCZEH Ala U&7 Thr

D. There are 8 amino-acid substitutions between species Columba junoniae and
Columba bolli in the codons shown

RS T 5 - £ Columba junoniae 1 Columba bolli B 8 &G EEEE

E. There are 18 amino-acid substitutions between species Columba junoniae and
Columba bolli in the codons shown

ERERZEIE T4 - 7£ Columba junoniae 1 Columba bolli B 18 &z E BRI
Q44

The ABBA-BABA test is a commonly used approach in evolutionary biology to identify admixture
(cases where two distinct populations interbreed) using genetic data. It involves the comparison
of four populations or species (we will call them “groups” henceforth), whose phylogenetic
relatedness can be represented as a tree (Figure 1), where X and Y are two closely related groups,
W is a group that could have admixed with X or Y, and Z is an outgroup.

ABBA-BABA iR 2 B{LEVME TR E - TEFEREBERNEEEM (admixture) ( MI1E
FROBGENMRIER ) - ©F RUERFDENLER (RMZESEMES "BE" )  HR
BREAGNRB LIRS —RERE (B 1) AP XA Y 2MERBGHEIMNER WE—EY
VIBL X 30 YRR - Z Z9MEF -

Groups X Y W 7
[A B B A
Alleles £
ER @ ﬁ%‘* g ;ﬁ%

Figure 1. Phylogenetic relationship between four groups X, Y, W, Z and representation of ABBA
and BABA allelic patterns across the four groups.

1. X Y W Z ZERRRZEEZRMINEFH T ABBA Al BABA FMUEREBREINARR -

The ABBA-BABA test focuses on single nucleotide polymorphisms sites in the genome that have
two alleles: A and B. It is possible to detect admixture considering two possible allelic patterns
across the four groups:

ABBA-BABA @i EENERMATEEMESUERNEZHRZ MR : ANB - ZEEINE

AP MR I BER S U E EE U RS RDE R

° “ABBA” sites: where group X has the allele A, Y has the allele B, W has the allele B, Z has
the allele A;
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“ABBA™IE : E XHEBSUERFA YAHBZUEREB WHESEUERB - ZHBEN
EEA;

o “BABA’ sites: where group X has the allele B, Y has the allele A, W has the allele B, Z has
the allele A.
“‘BABAIE : X HESMNUERB - YHBSMUERA WHBEZSUEREB  ZHBEUE
A~

The D statistic is defined as (#BABA - #ABBA) / (#BABA + #ABBA), where #BABA is the number
of BABA sites and #ABBA is the number of ABBA sites.

D &t E &4 (#BABA - #ABBA)/(#BABA+#ABBA) - EH#BABA 2 BABA I EREE - #ABBA
= ABBA lIEWEI= -

Imagine that a team of researchers sequenced the genomes of two modern humans from Kenya
(X) and China (Y), one Neanderthal (W) and one Chimpanzee (Z), using ABBA-BABA to test if

there was admixture between modern humans and Neanderthal. The researchers have identified
10,827 “ABBA” sites and 9,867 “BABA” sites.

BE—HAMTEAEHRESE(X)MNPE(Y)RMABRICA ~ —EBZBEAW)N—FREEZ)NWER
MHETT FEFR - £ ABBA - BABA RIZARRANEZBRA - MRABCSKHEE 7 10,827 @
"ABBA’IIEH] 9,867 f& "BABAIE -

Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)

RETIIRGLAIEIERE (T) SEER (F) (49 BELEEZE1S)

A. If there is no admixture, we expect a nearly equal number of ABBA and BABA
sites across the genome

MERLAEH - HAEUZEEREHET ABBA 1 BABA I ENHE4LTHE

B.  There is evidence of admixture between the Kenyan population and Neanderthal
CERBBRRERGHNELZRBAZBEGFEERES

C. The observed excess of ABBA sites (compared to BABA) could be explained by a

structured ancestral population (of X, Y and W) such that the Neanderthal lineage
was closer to the ancestral of Chinese

BURIZ)2BZR) ABBA fi1& ( B2 BABA #HLE ) OIDIHBEAEB(ERVHESEE: (XY A
W) REERE - BIEREE AN RBEAPEARNHES

D. The ABBA-BABA test allows testing for admixture between Kenyan and Chinese
modern human populations

ABBA-BABA &Rl IR 18RI 5 S AN oh BIR AU A\ 15 2% 2 IRV R A
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Toehold switches are a class of synthetic RNA regulators that can repress gene expression by
sequestering the Ribosome Binding Site (RBS) in a stable hairpin structure. Upon the addition of
a small RNA called the toehold trigger, the hairpin structure unfolds, and the RBS is released

15K (Toehold switches)@— & A RNA 1% ¥ - Ol B BEREEEE SR (RBS)BEH
BEMEIRGEEH RMFIERRE - ESIMIA—EE BIEREEEE (toehold
trigger)fI/NR B RNA & - DI DEEREERRA - M RBS HEM LR -

Toehold switch

RBS

Toehold trigger

AUG b Il

a &
I L ' 1IIIIIIIIIIIIIIIIIIII RES AUG r
a* b=

Figure 1. Toehold switch. |. Repressed gene; Il. Activated gene.
B 1. feseeEim - —  HIHENER ; = - BENER -
Image credits: Jacob Mejisted, Own drawing. Inspired by Green et al. (2014)

-y

Indicate whether the following statements are true (T) or false (F).
(4 points, 1 point each correct answer)

RETSIRGLAIEIERE (T) SEE:R (F) (49 BELEEZE1S)

A. Toehold switches work by repressing the translation of the gene
BRI E DS BRI R 83

B. A strong hairpin structure can be made from direct repeats in the RNA sequence
— A ARER BT LIE RNA B3P HEIDEEHKE N

C. The toehold switch will work just as well in eukaryotes as in bacteria
EREREEZEYAARE P ARt EF

D. One toehold switch can control all genes in an operon

—fEfe R BT LIS — B R4 E PR A ER
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Q46

Salt marshes are complex coastal environments usually located within estuarine systems.
Estuaries receive important inputs of pollutants as they are often situated in the vicinity of highly
populated and industrialized areas. Once metal contaminants enter the salt marsh, they become
distributed in sediments, pore water and plants, which are able to capture metals from the soil
through their roots.

HEERNEMNEBFRRIE BRAERUOZAMZL - IOBRBLERSANDZERALER - B
ZERIFZEEZNTRY - — BB TRYEANEE  MMASEEEREE - ARKUKREY
o BEEEBERETDEPRIIESE -

The uptake of metals by plants depends upon their availability in sediments, which is determined
by the physical and chemical characteristics of the sediments. The activity of plants can alter
these factors inducing variations in the speciation and availability of metals. Differences in metal
accumulation levels occur between plant species and also between sediments colonized by
different plant species.

EVHEBNRKREZIORRNEEPIRTENEEE - MEBRWENECRREERNYIELEER
R - EYIRTERBESI I Litp0S e - MSIRRENEBEDREBIRILY - EBREEE
NWEEREEARWENRER  BRNEEEAFEVERAEERARNEER -

FIG. 1 FIG. 2
M 00 M 1000

00

400

300 S— 10

200

- H. portulacoide s S maritma H. parhdacoides
0 v

Cu Pb

Figure 1 - M = Metal concentration (ug g™ dry weight) of copper (Cu) and lead (Pb) in salt marsh
sediments colonized by Spartina maritima (gray) and Halimione portulacoides (black).

1+ M 2% Spartina maritima ( Xt ) 1 Halimione portulacoides ( B2 ) EmMEBYERDN
EZEg . BEEPRESNEERE (ug g' dry weight ) -

Figure 2 - M = Metal concentration (ug g™ dry weight) in roots (gray), stems (black) and leaves
(white) of Spartina maritima and Halimione portulacoides.

2 - M 2 Spartina maritima 1 Halimione portulacoides EMIEEMHIE (KB ) - & (

B) E(88) PHNEEERE (pgg'dryweight) -
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Indicate whether each of the following statements is true (T) or false (F).

(4 points, 1 point each correct answer)

R FHIRGROIZIERE (T) skif:R (F) (49 SEEEZEZEL1S)

A. Salt marshes dominated by S. maritima may have a stronger capacity for the retention and
phytostabilisation of Cu and Pb than those dominated by H. portulacoides
THERM H. portulacoides /= EIEEE - L S. maritima 43I ZE I K i8R B KEWIEE
( phytostabilisation ) 85 1ELEX3®

B. Salt marshes mainly colonised by H. portulacoides can translocate more metals above
ground , sourcing these metals to the marsh ecosystem

PA H. portulacoides 7= F R ZRESEWME SN BRI - BHEEERRNTBHIR
C. The use of these species for phytoremediaton of polluted marshes could be applicable from

two different perspectives: phytostabilisation of metals in sediments, or phytoextraction by
accumulation in aboveground plant tissues for subsequent plant removal.

NAREBLEMHRBTRBZETEYIER ( phytoremediaton ) - TIEET] &R EMI{E A [ERY
@ : EYIBE ( phytostabilisation ) BIZ2ZBEYRIBEEEANEE - E2EMZE
( phytoextraction ) B2 BEYRTBREB M FEYABA - WEZEBETEYER

D. S.maritima seems to be a more appropriate plant to use, for phytoextraction purposes

S.maritima L\ LEEGE & B Y 2N AI B /Y

Q47

Topography creates contrasting microclimates, especially between northern and southern slopes
in drylands, which result in clear differences of tree cover patterns in the landscape. In a study
performed in a holm oak community (a key tree species in Mediterranean drylands) the impact of
microclimatic conditions on holm oak trees regeneration success was studied using Potential
Solar Radiation (PSR) as an integrated measure of microclimatic conditions.

SR T IRBEARNMRE LEEELStANEILRRZE @ SRESE SMIRIER
MR BEIRENESE - TR HEM (hoim oak - B—EM B R AR RY)TE ) BEERTT
7 - NAXEZEESTERE Potential Solar Radiation ( PSR ) 75 AREZE S MRS MEMIRIE - LU
TRESERBE (/BER) WRE -
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- Value (W/m?)
| wHigh: 15 x 10 |38

[ I
MC -

- PSR

Figure 1- Location of the study area in Europe (A; dark circle) and sampling area with white
points representing the trees sampled in high and low values of Potential Solar Radiation (PSR)
(B) and with a 2010 background aerial photo (C) and a conceptual diagram of tree performance
along contrasting microclimatic conditions for different tree stages (D): tree (adult niche - AN)
and seedlings (regeneration niche - RN) in a PSR gradient (MC — microclimatic conditions) SP -
seedling performance, TP - tree performance. | — Northern-facing slope; Il — Southern-facing
slope.

1 AREBUNMRMZUE (REB ) ; BEERE - XGESERE (PSR) SREEERN
WA (B ) ; CH 2010 FERMNZERE ;| D RAEFRENENERBARNMR IR
TP ERFIRMZE - A ( HAEA - AN) - B ( BLEEN - RN ) EXBEESERE
(PSR) WBET (MC - MRIEIRAE ) - BARNERIR (SP) ~ AR (TP) -1 - bm@EK ;
Il - FEEE -

Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)

BETIIRGLOEIERRE (T) SH#ER (F) (45 SEEESEELS)

A. In the northern hemisphere, the microclimate conditions range from warm and dry
(xeric) on northern slopes to cool and moist (mesic) on southern slopes

EIE¥IK - MRERIR LB RIERREZRE (BE ) - HImOKR TR
(%)

B. These findings suggest that on northern slopes, natural regeneration is higher
with established trees facilitating the germination and growth of new trees

BLERRB/HAELORIABERS - EERBERANEFESHR/ MV rIEEE5F A
R
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C. Microclimate, as measured by the PSR, was the key driver in determining the
natural regeneration and tree performance of holm oak on a local scale

RIBXGERSERE (PSR) AEMSHNMREZEBIRESE - FOREEMIIRA
BEUABAREZE AR
D. The width of the regeneration niche is expected to be narrower than that of adult

trees, since their water sources are restricted to soil water content especially
under more stressful microclimatic conditions

RHIBEZUNEHERBR A ZLEREN - ARKERZR LIEKSE/IRE -
HEZELEBENMRIE R
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Figure 1 shows the results obtained in a deforestation program in a hydrographic basin in two
experimental plots. Control plot without any deforestation intervention (P1) and plot 2 (P2)
where the forest (1-60 years old forest) was cut (arrow), and herbicide application prevented the
vegetation development for the 3 following years (2 - succession supressed). After this time,
herbicide was no longer applied, allowing vegetation to evolve naturally (3 -succession). (Plot 1
— dark circles, Plot 2 - red circles),

1 BRE— K2 PR EE RS AT —BRMREETEER - B 1 (P1- )
SEHALBRNTEMTIOMARIRE - LUR&ER 2 (P2 -4 ) 21¢ 1-60 FROBIAREZEIKRE
(7088 ) - WIEERERLELEZB=FAEYNER (2 - IHEE ) - EUEBBEZE - B
RREE - FEVMERKER (3- 28

C

. 3 :
1000
?riul—.'

~J

£

e S00 -
el

(a0

E, kg/ha

01 TEREE T T [T p—"
| 3 6 9 12

Years
—e—Pp1 —e—P2

Figure 1. Periods: 1 — 60 years old forest, 2 - succession supressed, 3 — succession; C (arrow)
— forest clear cut, B — plant biomass (g m?), E - annual net export (Kg ha™') for Ca — calcium, K
-potassium, N — nitrogen. P1 — Plot 1, P2 — Plot 2

1~ 83/ : 1-60 FAK - 2- #ZEH - 3-8 ; C (58 ) -RMEZEMK - B- BVNENE
(gm?) -Ca-§5 K- N-@ZNESFFHLEE (E) (Kgha'!) -P1EIE1 -P2&IE2 -
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Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)

R THIRGREIEERE (T) SEE:R (F) (49 BEEERZEELS)

A. After the suppression of the herbicide application, a primary succession starts
with a gradual increase in biomass
FLEERARERZE  FNYRESREG - EYEYSZHIEM

B. After cutting the vegetation and during herbicide application there is a marked
increase in leaching of nutrients out of the system, contributing to a gradual
depletion of these nutrients

ERRENERERRELRE  RIEPERERRARIBAIEN  SRELESR
BB KR TR
C. During the 3-year period without vegetation cover, there is a change in the water

balance of the system with a marked increase in evapotranspiration and runoff
(streamflow)

EE-—FR2EEYEBESWVIRE  BRBEENEYEBFRLUERSENIENM (FER
K) - EREMIRIEKFE R E

D. This deforestation experiment showed that succession can reduce the loss of
nutrients caused by disturbance

HRMRCERAER - BECULURD AT EEMNEREEXR
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Figure 5 is a diagrammatic representation of sample plots (1 m?) from two different herbaceous
communities (Community A and Community B) containing the same six species but in different
abundances. Each letter (a, b, c, d, e, f) represents a different species (Sp). The distribution of
individuals among species is called species evenness or species equitability and is quite different
between communities. Species diversity is a combination of richness and evenness. Here we use
the Shannon-Wiener’s index (H") to calculate the diversity of the two communities (Table 1) where
s is the total number of species, and pi is the proportion of all individuals in the sample that belongs
to species i

H =- ; (pi). (In pi)
i=1
B 5 W BB RN EEmEEE NEHEYEEEEEAEANEREYEFE (B 5L A HEEB)
BEER( FAAR) - 8—@/EF8@ b c d- e HKERABFHYIESp) - BHEZREHY)
BHIEIVMEHNSE (MM ERBNERSHEE ) HEAE - WES ’TEEU%%E— EEH
HEENAES - EIEERMER Shannon-Wiener's Index (H)RETEmMEEENMESEMEER 1)
Hoh s RFEWIERE - pi IRTEERERPBRYE i WERLLH) -

Community A Community B

)

LYy
“ ) g;ﬂéﬁ v o ¥ %!ﬂ *
iﬂ%éﬁ LR %’%ﬂ
$odp GepageeYr Qo dye oo Yo

Figure 5 — Two different herbaceous Communities.

5 - MERENEREMEE -

¢
&
Y
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Table 1 — Calculating species diversity (H") for two hypothetical herbaceous communities. N° -
number of individuals of different species

x-S EMERENERNEYEENYRESREWN) - N° - FAEVENEREE -

ComA ComB
Sp Ne (pi) In pi pi.Inpi Sp Ne (pi) In pi pi.Inpi
a 14 0.56 -0.580 -0.325 a 6 0.24 -1.427 -0.343
b 0.20 -1.609 -0.322 b 0.20 -1.609 -0.322
[ 0.12 -2.120 -0.254 c 0.20 -1.609 -0.322
d 0.08 -2.526  -0.202 d 0.16 -1.833 -0.293
e 2 0.08 -2.526  -0.202 e 4 0.16 -1.833 -0.293
f 1 0.04 -3.219 -0.129 f 3 0.12 -2.120 -0.254
Total Total

Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)

R TIRBRAERE (T) MK (F) (47 BELEESEHE1S)

A. The total density (number of individuals m) is the same in the two communities
MEFENREE (B FH 2ARNERREE)EE

B. The density of species b is higher in community A
ABED b YENEERS

C. The Shannon diversity index (H") in community A is 1.827

A #5149 Shannon diversity index (H')%3 1.827

D. Due tothe dominance of one species in community A, Shannon-Wiener's diversity index
is lower in this community

AR ABEDTE—EYELLRES - FTLIHE Shannon-Wiener's diversity index ELER1E
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2021 is the International Year of Caves and Karst. The caves open real windows to the study of
the vast subterranean ecosystem that hides under our feet. In a domain without light, the
organisms that inhabit this environment evolve and adapt, showing convergent evolution similar
to what occurs in the deep sea. What are the characteristics of cave-adapted animals?

2021 FE2EEENERE RS E - BURIRFRAM 7 RBE I E Tt RS R —REEr AT
RZE - #EXNIRED  ERRERERECHERNEMBE R ER8EYRLINBRIE
R - TESERRNEDRE R ?

Figure 1. Cave millipede, Cylindroiulus villumi, adapted to live in caves in Portugal, scale bar: 1
mm.

1. Cylindroiulus villumi 2 — £ EFREE TR EEE -

Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)

B TIRAEAERE (T) SR (F) (4% BEEERZEE1S)

A. Are expected to live longer than their relatives at surface
BN ECH P it 2R R RRTEIR X

B. Have a pronounced circadian rhythm
BEERREN ARG E

C. Are more diverse than surface organisms in their distribution areas
EENMEE - ANEYNZHREESRIMER LRNEY)

D. Have a high prevalence of endemic species

BAEMENLEAIRS
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The salinization of groundwater is a global long-term environmental problem worldwide,
exacerbated in arid and semi-arid regions by global warming. In a study, the dose-response curve
and median lethal salt concentrations were estimated for three groundwater-adapted crustaceans
(Cyclopoida, Harpacticoida and Syncarida) that live in aquifers of southern Australia (Figure 1).
ASEIKEBENRAE - ZREFZEMBRNM TN KE(CE2—ERANZIKEIRIEREE - —1BIE
G T EETREAN S EE 2 KE PR —TEE E N KR PR EEENIY) ( Cyclopoida -
Harpacticoida 1 Syncarida ) ROE| £ 2 FE-RAR M PN B ERE (F BT =)

g 1'0_---C| id - 2
@ 0.8 — : H\l;rpapcﬁcoida : -'D ‘0
8— ) - == Syncarida ' p é

A odl T M-
> 04— I

®© N ;s

t 0.2 ks i o

2 00 :20@.%..”

0 1 10
Dose (g/L)

Figure 1 - Salt (NaCl) dose—response curves and median lethal concentrations (LCso) at 96 hours.
Y axis - Mortality frequency; X axis - Dose (g/L).
1-96 /NFHIES (NaCl) BlE-REHAMPAIHBITRE(FEMEIE) (LCso) ° Y #—3ET
% X 8- HE (glL) -
Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)
R TIRAECRIERE (T) AR (F) (47 BEEEEE1S)
A. The crustaceans, Cyclopoida and Harpacticoida were less sensitive to salt than Syncarida
EE#E Syncarida %R& - Cyclopoida #1 Harpacticoida #7 88 Z b8 A LR
B. The presence of high concentrations of salt groundwater stresses the osmotic balance of
the studied crustaceans
SHEENM NKEPRABRM RN RREESN S ER TGS ER TR
c. |f we measure a maximum environmental concentration of salt (NaCl) of 10g/L in
groundwater in the area of distribution of these species, they are endangered by salinization
MRFMEE LB D MR R i N KPE D (NaCHHRAIRIERER 10
se/7t - 4 e E BB T SRR A
D. [fthe temperature of groundwater increases, together with the salt concentrations, the effect
on the groundwater crustaceans is likely to be magnified.

MR P AKREAS - MLEEREAS - B N KRB YR ECRES HNA
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Q52

Leeches are organisms belonging to the Phylum Annelida, Class Hirudinea. They are found
predominantly in freshwater habitats, few are marine, and some are adapted to terrestrial life. As
fluid feeders and bloodsuckers, leeches are more highly specialized than other Annelida. Figure
1 presents a transversal section of a leech at the intestine level and the arrows point to glandular
cells identified just under the epidermis. What is their function?

KEZBRIRENEBYIPUKIEMEY) - HPIEREFEZKERM - ROVBEFEY - BEER
BEI A% - (EAINBRRRMRME - KELCEMREAS BN - B 18R 7 EKEBEENE
tIE - FiEEfaERE MRERALR - ERMNEREME ?

Figure 1. Transversal section of a leech at the intestine level.
1. KRR ERETIE

Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)

BEMIIBRAMESE (T) AR (F) (45 BEEEEE1S)
A. Allow the organism to glide better in the habitat
EEYREUUEERMBITREY

B. Secrete substances that attract prey
2O RSIEMNYE

C. Secrete substances that repel predators
2ol XY &

D. Facilitate cutaneous respiration

e 57 B IE IR
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Insects have different mouthparts and for each type of feeding they are adapted in a specialized
way. The 'primitive’ arrangement of mouthparts is seen in the cockroach where they are used for
chewing. When specialised food sources are exploited, the mouthparts are modified, sometimes
considerably, so that the food may be ingested efficiently. Figure 1 shows different mouthpart
types in insects and Figure 2 presents some insect species.

EmAAREANOR  TEHHRESRBEEINESNEAUE—RFENGNERE - FEIPo Y
BINOR R HS - BPARER - ERYRRESEE K - IRMSBMNE - BRE(EL
WEEREX - LEYJUBRMENEY - B 1 Br FESNAROREE - B 2 Bn 7 —LE

i
at

L% |
~ A

1 - Chewing 2 - Piercing-sucking 3 - Siphoning 4 - Sponging
NH &= RI0K = e I ERTC

Figure 1. Four general types of mouthparts in insects. (insert n® with translation)

1. B:P - MEOR—RIZ

A - Butterfly

D - Housefly E - Grasshopper F - Cicada
R U8 W id i
Figure 2. Mouthparts of six insect species. (insert Letter with translation)
B 2. NER:=ANER
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Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)
BHEUTURERE (T) HRBR(F) (47 BEEEEE1S)
A. Species A is of the siphoning type, B is of the piercing-sucking type, D is of the
chewing type, E of the piercing-sucking type
AENORZHET - BZRIE - D Z2HEB - EZRIKI
B. Species A is of the piercing-sucking type, B is of the siphoning type, C is of the
chewing type, D is of the sponging type
AYRERNORZZRIEN - BZHED - C 2HIEI - D 2RI
C. Species A is of the siphoning type, C is of the chewing type, D is of the piercing-
sucking type, E is of the sponging type
AYENOzREHmEN - C 2HEERX - D 2RIE - E2MEAHR
D. Species A is of the siphoning type, B is of the piercing-sucking type, C is of the
chewing type, D is of the sponging type
AYENORZEHER - BERIK - C Z2EEBNX - D ZMH

Q54

Otoliths are acellular concretions of calcium carbonate and other inorganic salts, which develop
over a protein matrix in the inner ear of vertebrates and are associated with balance and acoustic
functions. In fish they record information in their microstructure and chemistry at different temporal
scales related to their growth and environment. The largest of the three pairs of otoliths (sagitta)
is the most studied presenting great morphological variability and being species specific.

BEAZESSME R ErIF e staY) - eMESESYNENERERE LE5 - WHEY
BNEBINERR - £RED  £RHERNREMEFNAEKRERE L - EA

AR EMSEENERER —HEATRAN—EANEAZHMRESZHN - H
ERLEANEREEENYET 1 -

Figure 1 presents the anatomical features of a fish sagitta otolith. Table 1 presents five sagitta
otolith descriptions. Figure 2 presents sagitta otoliths from three species.

Bl 1 BRTARREGNMREEY - %1 00T ARSREGHEL - B 2 R 7 RE=EYEY
SARET - A

Crista
superior

«— Antirostrum

(mE
¥~ Rostrum

Crista

inferior

Ostium

'

Sulcus acusticus

Ly
v

B
Figure 1. Anatomical features of a sagitta otolith used for morphological descriptions. A — Dorsal;

B — Ventral; C — Posterior; D — Anterior.
1. AR NORIRE ARSI E - A—-&=8;, B-FEHl; C-%&2; D-aI30 -

75



IBO CHALLENGE Il - IBO 2021 — PORTUGAL
THEORETICAL TEST

Table 1. Otolith descriptions for five fish species descriptions.
*1. hRERBEA#IT -

D1

Forkbeard (Phycis phycis)

Shape: lanceolated to oblong, anterior region wider, margins crenate in the smaller
otoliths.

Ostium and cauda: undifferentiated.

Anterior region: round to oblique-angled, rostrum poorly defined; antirostrum absent;
excisura ostii very narrow without a notch.

Posterior region: lanceolated to peaked.
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Boardfish (Capros aper)

Shape: asymmetric with ventral and dorsal areas almost equally developed, ventral
margin irregular.

Ostium: funnel-like, shorter than the cauda.

Cauda: tubular, straight, bordered by raised crests.

Anterior region: double-peaked; rostrum and antirostrum large, broad and round or
slightly pointed, rostrum longer; excisura ostii wide with an acute, deep notch.

Posterior region: irregular to double-peaked.

Capros aper
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Black scabbardfish (Aphanopus carbo)

Shape: elliptic to oblong, ventral margin sinuate to crenate.
Ostium: funnel-like, shorter than the cauda.

Cauda: tubular, straight, ending half way to the posterior margin.

Anterior region: peaked; rostrum short, broad, pointed; antirostrum narrow, pointed;
excisura ostii wide with or without a deep, acute notch.

Posterior region: round.

Aphanopus carbo
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Blue jack mackerel (Trachurus picturatus)
Shape: lanceolated, dorsal margin sinuate to irregular.
Ostium: funnel-like, shorter than the cauda.
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Cauda: tubular, curved, strongly flexed posteriorly, ending close to the posterior-ventral
margin.

Anterior region: peaked; rostrum long, broad, very pointed; antirostrum short, broad,
round; excisura ostii wide with a shallow notch.

Posterior region: angled to oblique.

Trachurus picturatus
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Bluemouth (Helicolenus dactylopterus)

Shape: elliptic.

Ostium: funnel-like, longer than the cauda.

Cauda: tubular, straight, wider posteriorly, ending far from the posterior margin.

Anterior region: peaked; rostrum moderately long, broad, pointed, curved to the dorsal
region; antirostrum absent; excisura ostii wide with a bite shaped notch in the larger
otoliths.

Posterior region: round to oblique.

Helicolenus dactylopterus
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Figure 2. Three different species (A, B and C) sagitta otoliths.
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Indicate whether each of the following statements is true (T) or false (F).
(4 points, 1 point each correct answer)
BRETIRECIERE (T) AR (F) (47 BEEEEE1S)
A. Species A is Aphanopus carbo, B is Capros aper and C is Phycis phycis
A 2 Aphanopus carbo - B & Capros aper - C 2 Phycis phycis
B. Species A is Trachurus picturatus, B is Capros aper and C is Phycis phycis.
A 2 Trachurus picturatus - B 2 Capros aper - C & Phycis phycis.
C. Species A is Aphanopus carbo, B is Capros aper and C is Helicolenus
dactylopterus
A Z Aphanopus carbo - B =2 Capros aper - C & Helicolenus dactylopterus
D. Species A is Trachurus picturatus, B is Aphanopus carbo and C is Phycis phycis
A 2 Trachurus picturatus - B 72 Aphanopus carbo - C & Phycis phycis
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