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General instructions for theoretical examinations

¥ G RE Y — AR ESL R

Exam 1

Date: August 12t 2020
Total time of Exam 1 is 3 hours. Follow the instruction by Jury members of your country.

EimEE 1 BoNEAREER 3 /N - KEZEZRMIERET

Exam 1 consists of 50 questlons.

EmEE 1 oHB 50 &

Each correct answer scores 1 marks, each incorrect or missing answer score 0 marks.

SEH1BE15  SHEAKEER0S -

Instruction and regulations

MRAIESRAR

Make sure that you are using the correct answer sheet (Theoretical exam 1).
SCHEEE R ZE M (Theoretical exam 1) -

Write your Country code and student ID number (provided by a jury member or
supervisor) in the given box of the answer sheets provided, and write down your name.

EERANBETHRD EREERERURBE ID (FHREZZMEMY) WESIROES-
Make sure to sign all the answer sheets and the cover page of question sheets.
BRENE—E - UAHESHHE - #ER
You must mark your answer to the answer sheets properly, using a pen or a pencil.
RIRFEEin%E  £ZFRA BRI
You must have the following equipment for this exam.
REZEHS - REAMITA
@® Pen or pencil to mark answer sheets.

RFEinsE - (FEH -

@ Scratch paper sheets provided by Jury member. (You must not bring any paper into
the examination room by yourself.)

HEEZZEMATRHENGER (RAEETESERUAREESP) -
(3® Ruler and eraser.
RM&Z#E -

The use of a calculator is prohibited, including a calculator application on your PC or a
web browser.

ZILERAER  SEEREER CRETER -

You must not communicate with any other people in the room during the examination.
2 - AENZESPRIEET AL -

You must not access any information that could unfairly help you answer the questions
during the examination.

ZaR - AEEAEEYUAEEEDRIFERNEN
2



Stop answering immediately at the end of examination time.

ZAREARE - ZAMFLEFES -

After the examination:

ERZE

(D If you are under on-site supervision, a jury member / supervisor will collect your

question and answer sheets immediately after each exam. Your country coordinator
will later scan and submit the sheets to the IBO2020 Organizing Committee.

EBRIRGREZHE a8 02l 2%  HHEHEZZMUAIKNEEHESMERE - A
BHRARFHEPIAMEEARR - WAIRRIESREA 1BO2020 TWAE -

@ If you are under online supervision, you (competitor) must scan (or take photos of)
the answer sheets. Then, digitally send the scanned files/photos and the PDF
question sheets (with your signature on the cover page) to your country coordinator
as soon as possible. Your country coordinator will submit the file to the 1IBO2020

Organizing Committee. Make sure the answer sheets are scanned correctly. The
IBO2020 office may ask you to resubmit the sheet, so don’t discard them.

BRELKEEHNE SEZVAREERR)ERE REEREEER/RR MEE
L(FEARR)N PDF AR ERZE - MiFHIIES4 1B02020 EHAE - BiEL)R
WERM - TPENURBEXRMBRURERAE - TUBIEE -




Biochemistry

EMEER

Q1

The citric acid cycle is central to metabolism, for the supply energy and various key compounds. In
citric acid cycle, the enzyme aconitase catalyzes the reversible conversion between citrate and
isocitrate. In this reaction, OH group at C3 and H group at C4 of citrate are removed as water,
thereafter a water molecule is added back in a reverse manner to generate isocitrate (Figure 1).
However, OH group is never added at C2.

EERERHCHEAER tRHASHSERRNICEY EBERERT  SIREE (aconitase)
OJE(E—EERERR (citrate) BIREERR (isocitrate) ZREIHTIFRE - EEERED - E5E C3
&R OH BEEEH C4 UER H EZAKD FMEBER - RILEETEREBEEREGKE - &
ZRM—1MEKaF (Figure 1) - 2810 - OH BREEAIKEAZME C2 IE -

'coo- 'coo
| 5

2CH, . CH,

5 I aconitase 2 |

HO—C—COO < » H—C—COO"

| 4|

“CH, HO— (|:— H
|

5CO0" °CoO"

citrate isocitrate

Figure 1

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

R T 51 /Ut 2 IE sk R R

A. Citrate has enantiomers.
BEEREBREGERY

B. lIsocitrate has enantiomers.
EEGHREESREERBY

C. Two —CH.COO- groups are stereochemically equivalent when citrate is free in solution.
SEEMTARTERGFER - _{# -CH.COO- ERtEEIREE LE2HEM -

D. Two —CH>,COO™ groups are stereochemically equivalent when citrate is bound to aconitase.

SEEREASRMIEAESE - {8 —-CH.COO- EREEEIRLE LE2MEM -



Biochemistry
EWER

Q2

The figure 1 illustrated below shows oxygen consumption (respiration) in aqueous suspension of
intact animal mitochondria with additions of ADP or chemical compounds (dinitrophenol (DNP) or
N,N'-dicyclohexylcarbodiimide (DCCD)). The suspension already contains respiratory substrates,
oxygen, and inorganic phosphate.

B —#7~ - 700 ADP S{E5%) (ZiHEE (DNP) =t IRCEMK k2 (DCCD)) =B EHY
RIARBERZKR R P - SRFVEFREBE (FRIER) - BWERPCEBTRIERMFEEE - SRARK
fiRcEE -

b
e

&

b

02 concentration

Time &R Time HB¥RA

Figure 1. Oxygen consumption of mitochondria in suspension. Identical aliquots of ADP were added
in both experiments.

O RPRIZIENERBRIBE - MEERSANINEEH ADP -

Indicate whether each of the following statements is true or false.
R T 5B /Ut 2 [E i sk 5 R
A. The mitochondria are able to incorporate exogenously added ADP.
HI4R RS BESD T A SMINAY ADP
B. Before addition of chemical compounds, the mitochondria respire only when ATP can be produced.

EMAEEYI 2R - KIAREE RBEE O BSE ATP 54 S LT IRIER -

C. The reason why DNP stimulates oxygen consumption is that ATP synthesis is stimulated by DNP.
DNP BES0 RIS R RUBFNIRE - 2 ATP 5 AE 2 DNP AUBE

D. DCCD inhibits ATP synthesis.
DCCD Z#l ATP 95 A -



Biochemistry
EWER

Q3

When carbon isotopes (*C and 2C) are analyzed, plants can be categorized into two groups (Figure
1), based on the isotope fractionation (5 '*C, equation 1). This is because of the slight differences in
molecular mass between CO, and '>CO,, although there are no known chemical differences
between them. In photosynthesis, two types of carboxylase enzymes fix carbon from CO- in the two
groups, provided that CO, is converted to H.CO3 by an enzyme carbonic anhydrase.

%DXIEKZ%TI: DITERDIIKEIUER (CPE C?) - EREURNEEDE 5°C, A% 1)
IR R (Flgure1) EREHER BCO, B 2CO; NN FEERVIEE  #R_EFHLEE
’f%J:SII#\i?FE c EITEERR  EREVAR ZEARBEEEREE CO RETENK - T CO2/Y

g RIZ2k B — Bk B BT B & 2 8838 5 HoCOs -
Reaction 1: C3Hs06P + H2CO3 — C4H40s + H3PO4 (C4 plants)
Reaction 2: CsH12041P> + CO, + H,O — 2 C3H;0/P (C3 plants)

(]1c)
B0 = ]:10 B2 1| % 1000 e
(52) wea

Sample: a plant material x4 —{EE K
Standard: the reference represents the typical carbon on the Earth.

R m: L2 ZERMIK ARV K

group 2 group 1

Frequency
|

12 -14 16 -1% =20 =32 =24 2 -28 -30 -32 -34

& 13C (%)

Figure1: Distribution of the carbon isotope fractionation (5'3C value) of various plants.

B 1: AREDREURIEEDRZ2M (8°C E)

Indicate whether each of the following statements is true or false.
a5 /Ut 2 IEFEE) #H 3R

A. The relative difference in molecular mass due to the carbon isotopes is larger in CO; than H2COs.



ERREMZFIERHEY TENEEEZE - HE CO FE RN H.CO;s ¢

Reaction 1 is catalyzed by ribulose 1,5-bisphosphate carboxylase/oxygenase (RubisCO).
[ FE 1 2ZERE-1,5- 188 B (EE8/INEES (RubisCO) FrfE(E -

Both groups of plants discriminate between the isotopes.
_HEREYEEHERARNEIE -

Rice belongs to group 1 and corn (maize) belongs to group 2.

KIBBRE 1 BEY - MEKRBRE 2 HEY -



Cell Biology
MRS ER

Q4

Centrifugation is one of the most important biochemical techniques in the separation and purification
of biomolecules and organelles. The sedimentation speed (v) of specimens during centrifugal
operation is proportional to the applied acceleration rate (gc), as shown in equation (1).

BORDEAMCEM D FHRSNREZEERINZ— - EBORET - TmAVIIREE (v) 242
FEANRMNEZRE (ge) AYIELE - WA (1) -

v=SXg,. (1)

S in the equation is called the sedimentation coefficient and is determined by the ratio between the
centrifugal force applied to the object in the solvent (numerator) versus a parameter reflecting the
magnitude of viscous resistance against sedimentation (denominator), as shown in equation (2).

AP S HWAIIPEEGE - BEAT PHMNEDERE LT (9F) BERE 28RN YR R
B (78) “EWLEBIFTRAE - AR (2) -

5 = Ym(p=p0)/Na. )

6mnT

Vm : the molar volume of a sedimenting specimen itk mNEE j2fE
o : the densities of the specimen & mHIZEE
po : the densities of the solvent AT 2 E
r : the radius of the specimen when it is assumed to be spherical HEARIFEE - REREBIKAR
n : the viscosity coefficient of the solvent AT KR E A
N, : the Avogadro constant, 6.02x1023, o NFRE £, 6.02x10%°,

Indicate whether the following descriptions are true or false.

L TR R IE R EEER

A. For organelles of the same size and shape, S can be used to estimate differences in organelle
density.
BB A/ NEFARAIMEES - SO ARMAFIERBENER

B. Since many protein molecules have densities between 1.3 and 1.4 (g/mL), we can use S to
distinguish sizes of spherical protein molecules.

HRAZHERENBEENRK 1.3 1.4 (g/mL) - FMOIRE S RFBIIKTZEBE D FHIARN -

C. Assuming that two ribosomal subunits of similar size are combined to form a large complex, S is
approximately doubled.
e BN ZERIERETTEASRA—BANESE - SETSKM—F -

D. Since it is commonly expected that the viscosity of a solvent will increase at low temperatures, S
also decreases when chilled.
BERPANEEERHMESEN - AILELAK SETZREE -



Cell Biology
AR EYER

Q5

ATP is an important energy source for maintaining normal membrane potential in nerve cells. Figure
1 shows the result of an experiment demonstrating Na* efflux from an isolated squid giant nerve axon
after injecting a buffer solution (artificial cytoplasm) that contains radioactive 2*Na*.

ATP 2—HREF LM EZEEUNERLER - Figure 1 B—EERNER - BRrd—{E D ERY
SHERMEARER - iROIHSBEREMN “NaEEaR (ANLARE) Z2& - Wi+ 2REBIBE -

0.2 mM DNP

:

LA 4 111

=]

10

TRy
Lol

ALERR(HEE)

N w
L]

'S

Efflux rate of 2Na* (relative value)

A Al A A A A bl Ml "kt Mk el EY TR A A A
50 100 150 200 25

Time [min]

Figure 1 Investigation of the efflux rate of radioisotope ?*Na from a squid giant axon to the external
solution (seawater). At 0 min, a buffer solution containing 2*Na* was injected into the giant axon. For
100-190 min, the external seawater was replaced with a solution (seawater) containing 0.2 mM DNP
(dinitrophenol), an uncoupler of oxidative phosphorylation.

10 e—ESHERETHRE RN T #Na* REFAR (BK) PRUEER - EFE 0 DE - 28
2Na WEBEARBOTEHIEAE KSR - 7£55 100-190 78 - SNRABKERKL—EZ7 0.2 mM DNP
(CZHEXE) AR (87K) - DNP 2— @& LR (CROARRITE -

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

e T 5B M E IE TR R

A. This experiment should have been carried out under the condition with sufficient oxygen to
maintain the activity of ATP production by mitochondria.
SEERNATEERBERDERNVIRETETT - DIERNRISEE ATP B M -

B. The efflux of ?Na* observed in seawater without DNP indicates the leaking of Na ions out of the
cell by nonspecific transportation.
fieiR= DNP /B/KPREIZRZEIR) >*Na* At - BRHinet F E2LFFE— M ER AR EIINT -

C. Delayed decrease of ?*Na* efflux after using DNP reflects some amount of ATP storage inside
the axon, including that being produced by glycolysis.
P{EF DNP B ES #Nat MERENIEEIRS  BAH#MRAITFEE —L ATP - E1EIBLER AR

TERRFTESERY -

D. Active transport of sodium ions was estimated to increase internal sodium concentration by 10%

in 50 min.
EEF RO BEBE ST O/ 50 D BRI NIRED 10% 0 MEEFRE -

9



Cell Biology
AR EYER

Q6

For the growth of plants, the supply of nutrient inorganic ions is essential. A certain crop was grown
in two different soils (X, Y). The concentrations of nutrients (potassium ions and chloride ions) in
each type of soil are shown in the table. The estimated cytosolic concentrations of each ion in the
root epidermal cells of this crop are also shown. When the membrane potential of the epidermal cell
is =150 mV, how is each ion transported into the cell?

BEYERE  REEEBEFEEEEVAN - Z—REBEYERR_EABLE (X, Y)  MREPBERYE
_BrENEEERE PR TERT) - %qﬂmﬁﬁﬁfﬁtl:'IJtIJVE%’FE‘&B%EZ%EEH’U%Hﬂﬁ’jirﬁqﬂﬁﬁ”é%:@%&
FZAEFHRE - BEERRAMNEENS 150 mV K - S FNoEXE AR ?

lon movement is determined by electrical and concentration gradients. The membrane potential
which would counterbalance the concentration gradient is given by the Nernst equilibrium potential
equation:

BB ERBMBEREREBEIORTE - EMEREBENIEEN - AN SIRIsER R FEEL
FEIFN

C.
E=——90 10" (mv)

z Co

E : the Nernst equilibrium potential BE8T45 & &E 11

z : the charge of the ion, e.g. z for Ca®* = +2 B FHIET, fIUN Ca* B z=+2

Ci : the molar concentration of the ion in the cytosol M RFTZEEFHEEEE

C. : the extracellular molar concentration (here, the concentration in the soil) of that ion. AR SN LB
FHEERE (LEATIEFHNRE)

The direction of ion transport is determined by comparing the Nernst equilibrium potential with the
membrane potential of the cell. Here, transport against the electrochemical gradient of each ion is

called “active transport” and transport according to the electrochemical gradient of each ion is called
“passive transport.”

B FEWmA M - SEHECERETR FEEMAMREREEMAORE - RILE - ZEEBUBERNER
R THER MR EEEUBENERRIER KEER" -

Soil X Soil Y The estimated cytosolic concentrations of each ion in
the root epidermal cells

REPR AR AR PN EEF 2 EaTRE

K* 1 mM 0.01 mM 100 mM

CI- 0.5mM 5 mM 5mM

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

e FAIZ R 2 1E fE ek 558

A. In soil X, potassium ions are absorbed by the active transport system.
REEX B F2UTEERZARRU -

10



B. In soil Y, potassium ions are absorbed by the active transport system.
RTIZEY  PEFEUEEERZAARRI -

C. In soil X, chloride ions are absorbed by the passive transport system.
RIEX S FRUEENERZFRRRU -

D. In soil Y, chloride ions are absorbed by the passive transport system.
RIEY S FRUHEIERZGRRRU -

11



Cell Biology
AR EYER

Q7

"Secondary metabolism" in microorganisms and plants is not essential for their survival, but is a
metabolic process that plays an important role depending on species or in environmental adaptation.
Many secondary metabolites accumulated by plants, such as nicotine and caffeine, play a role in
resistance to damage from herbivorous insects.

MEMEBYRRRCH HEEFLWIIFZLER - BRYELRRIZOERY - ItRH BB RS
ZNAEE - BYEBRFSRELHY  NED THENMHBR B THNERtESMENBENAE -

Glucosinolate, which is accumulated in the leaves of Arabidopsis thaliana, is a repellent for
herbivorous insects (Helicoverpa armigera). The leaves of the wild type (Wild) and the leaves of the
mutant (Mutant) incapable of synthesizing glucosinolate are arranged as shown in Figure 1.

RREMAEFEAPHORCEERE 2 E5RUER (FNRY) NREE - HEREER (Wild)
BEASHMCABEENREEER (Mutant) ZHF40E 1 F7R -

@ b
Outer Lamina (OL)|| Inner Lamina (IL)
SME AE |
Outer Lamina | Inner Lamina
Wild
Mutant
i | i 1 I 1
50 25 o 25 50 75
% Choice

Figure 1 (a) Experimental design, (b) Result of choice by insect larvae.

1 5t0R: (@) BEERET - (b) RRARBREELS

The following conclusions can be assumed from this experiment. IttE 55 ol #im H T Sl 455

Indicate whether each of the following statements is true or false

a5 /Ut 2 IEFEE) #H 3R

In the Arabidopsis wild strain, glucosinolate is accumulated more in the outer lamina of the
leaves| 25 |
HRAMAFTHEEmAIKTR - ERNINES ZERZNUMERERE -

B. In this mutant, glucosinolate is evenly accumulated at any region of the leaf.
HRERZKR - MICEERESH9RBERERNZERE -

C. Arabidopsis accumulates only glucosinolate as a repellent in its leaves.
FAMEAREERENBRCEEREFAEE -

D. For Arabidopsis, inner lamina is likely to be more physiologically important than outer lamina.
HRI AT 2R - NEEEIEE FolREtbiNE S -

12



Cell Biology
AR EYER

Q8

Isoetes howelli is an amphibious plant that can live in both aerial and submerged conditions. In a
completely submerged condition in shallow fresh water, Isoetes howelli shows characteristic
metabolism; COs; is fixed to malate in a certain time period and released in another period to be used
in photosynthetic carbon assimilation. This metabolism is not seen in the aerial condition. There shall
be a strong photosynthetic competition in daytime between Isoetes howelli and other photosynthetic
organisms.

JK3E (Isoetes howelli) ZB—TEMZIEY) - BEEIETE/KE LEKE FRRG P - T2 RLNZBKIERE D
KESEREFANRBH AN ; CO; ER—REBREWNEEMRIERE  MES—RERAEL - AR
FEERREIEER - EKE ERRIBIRG N - ASETERNHAN - EBE T - KIELEHEMETT
HEFRNEY —EBREBNAEHRTF -

Indicate whether each of the following statements is true or false

5 T 51 Rt 2 IE ek #5 5R

A. The malate concentration in the leaves is the highest just before sunrise.
EHHZA - BERTHWERBEERS -

B. The characteristic metabolism is adaptive because it reduces water loss.
EEGFHNANHEERERESRYN  ARTREREKIHESLX -

C. This species has characteristic bundle sheath cells with well-developed chloroplasts.
ItYEEERBNEEREMAN  BETEBARBERTFELSE

D. In the submerged condition to which this species is adapted, it is more difficult to use CO: in
daytime than in nighttime.
RICMERERZKIEGT  BEEN CO, REBREEREE -

13



Genetics
EEE

Q9

Both eukaryotes and prokaryotes have a common feature that mRNA starts translation at the AUG
codon. Eukaryotic mMRNA is usually a monocistron that encodes only one protein, whereas prokaryotic
mRNA is often a polycistron that encodes multiple proteins. The following experiments were
performed to investigate the mechanism of the AUG codon that initiates translation. Post-translation
decomposition need not be considered.

BEKRRZAMEESE mRNA B AUG BN EZNHRERE - AR mRNA BREIRR
¥ MEIERGE—RELE - BRZAEKN mRNA BAZIER FORBZIEERE - LTFERAU
e AUG B FEEREERKE] - AFEZREZER DB -

(1) For several operons of Escherichia coli, the promoter was replaced with a yeast promoter and
introduced into yeast cells. Although all full-length mRNAs were transcribed for all operons, some
operons translated only the first gene correctly, while other operons did not translate any genes.

JEEAGRERNRMENRE FERRNBEEME F&  BEZERSEMEN - BXRA R
MZ /R mRNAs ZEEiRER  BERGMERIEREZE—AEREY) - HERMAARBEAEEEY
EHEY -

(2) The promoters derived from E. coli were ligated to cDNAs obtained by removing introns from
several yeast genes and introduced into the E. coli host. Full-length mRNA was transcribed for all
operon genes, but there was little translation of any genes.

KIGRENRE FAHECDERAS FRIBEEERR cDNAs Ei#E - BRI KBEEMARRA -8
BRAAERNEESN =R mRNA - BEREZLMEEY) -

From these experiments, it is considered that the AUG codon that initiates the translation of
Escherichia coli and yeast is determined through the following mechanism.

SLERRI/ABREREREEEN AUG BiEFIERE:E - 2B T IIEEIZHORER -

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

e T 5B M E IE TR R

A. In E. coli, the translation starts with the first AUG codon of the mRNA as the start codon.
RBREEM mRNA EHE—1E AUG 1EREERZ B FRRETERZEN

B. In yeast, translation starts with the first AUG codon of the mRNA as the start codon.
BRI mRNA LHE—(E AUG 1ERIER NS F B ETERZEN

C. InE. coli, translation starts with the AUG codon designated by the specific sequence in the mRNA

as the start codon.
RERENEZEFARE mRNA AR ERS] LR AUG (EREBIAZR TS T RIREERE -

14



Genetics
EEE

Q10

There are four types of bases used for RNA — A, C, G and U — while for DNA there are four types of
bases, A, C, G, and T. | wondered why thymine T could only be used for DNA and looked closely at
the base-pairing pattern (Figure 1).

RNAZAA C,G K UNERE - DNA 2B A, C, G & T HiEmE - Il T SRR DNA - 55
BRE 1 PRI -

It is reported that the mutant strain of the certain gene in Escherichia coli sometimes incorporates
dUTP in place of thymine to include bases in the DNA strand. This frequently results in a new mutation.

In a chemistry lecture, | learned that compounds such as bases could undergo chemical changes
(mainly hydrolytic deamination) by reacting with certain water molecules even under in vivo conditions.

NRBEBRNAGEERLEERNREKRBRER dUTP BUCHERIZIEMEREIE DNA o - EEBE
BRE -HIEBRPRMBIWECLIEMRTEREAK, FREME(CERE(ERKERDIER) -

N=— >/'*N Rib
ibose or
N—H--0 @ Deoxyribose

Adenine Thymine Uracil

Figure 1

Indicate whether each of the following statements is true or false

R T 5B /Ut 2 [E sk 5 R

A. Chemical changes made to RNA bases are not repaired.
B4 RNA E FRREENEAS RIER

B. Chemical changes that occur in cytosine bases are the main reason that thymine bases are used
only in DNA.
MR EmE AR CHEERE - EMREIERE SRR DNANEERA

C. E. coli mutant strains that incorporate uracil instead of thymine are more likely to mutate the A-T
base pair.
= DRI IE BV AR BR I IE R A BB IR E R ERE I BEZ IS A A-T IR EHHIRE

D. E. colimutant cells containing uracil bases in the DNA chain are susceptible to chemical changes
in uracil bases, so that new mutations occur frequently.

H DNA BB E7 uracil BBER KB TERESMIEE uracil IBE(CELCERBUR - FRLUE R BEH

15



Genetics
EEE

Q1
For the three heritable features, Alfa, Baker, and Charlie, pedigree analysis was performed on
pedigree A, pedigree B, and pedigree C, respectively, and the results in Figure 1 were obtained.

=l 1 %f1‘¥j Alfa, Baker, & Charlie —{EZ EEiEEREIRI G 2 TP E ERI(A)IERE - (B)IERL - K (C)iE
AERAESR

<Family A> D
{g ‘ é . male female,
A4 A5 A6 A7 | A8 (] O notrait
‘ . . trait
A9 A10 AN A12 A13 A14
<Family B> .
D <Family C> (@

N Slelm o

B3 B4 B5 B6 B7 3 C4 c5 c6

L3 A O A R A

B9 B10 B1i1 B12 B13 B14 C9 C10 C11 Ci2 C13 Ci14

Figure 1

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

BE TR RN IE R iEER

1. An analysis of pedigree A suggests that the inheritance pattern of characteristic Alfa could be due
to a dominant allele.
ATGRRED TR Alfa RIFEBERBMSNUERER

2. An analysis of pedigree C suggests that the inheritance of the characteristic Charlie could be due
to a dominant allele.
C GRFEDHTEE R Charlie RGEEUEREMSNUERER

A subsequent detailed analysis revealed that all of the inheritance patterns of Alfa, Baker, and Charlie

were due to recessive alleles on the autosome.

BIBEFHZDTERFIA Alfa, Baker & Charlie RIGHEBHE EHERER FEHSUERFTER
3. B1 and B3 of family B are definitely carriers. [ 42 |

BXEER B1 X B3 —EE2ERESE
4. C1 and C3 of family C are definitely carriers.

CREMNCI AC3—CEREREESE

16



Genetics
EEE

Q12

In Escherichia coli. the rutA - G gene cluster activates when pyrimidine is decomposed and used as
a nitrogen source. The rutA - G genes constitute a single rut operon, and a single P, promoter
regulates the expression. The expression of the P.,; promoter is regulated by a RutR repressor using
uracil as an inducer.

REREEREIEDBLUUEBERRR H rutA-G ERBEH0EE SEEREME—{E rut B4EE
FHE— Prut B®FRETERIR - BIL Prut BEFZRIEZE RulR IFIERHRE - WURBIEEFE
¥ -

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

e T 5B M E IE s R R

A. As the concentration of uracil increases, the expression level of the rut operon decreases.
EIRBIEIE AR - rut RAARIRERE

B. When a mutation occurs in the RutR repressor and the affinity for uracil is reduced, the expression
level of the rut operon is reduced.

2 RutR G E B AR EEHEREBIEREM A NER - rut BAHERIBERE

C. If a mutation occurs in the DNA binding domain of the RutR repressor and the affinity for the DNA
sequence decreases, the expression level of the rut operon increases.

= RutR #IHIEE B/ DNA E 5@ ERE - [FHE DNA B AT - rut BAHERIRE
b=yl

D. When a mutation occurs in the nucleotide sequence of the operator to which the RutR repressor
in the P« promoter binds, the expression level of the rut operon always becomes high. [ 47 |

& Prut FiE)¥ £ RutR Il EBA SRR FREEFIBERER - ut BAARBEESES

17



Genetics
EEE

Q13

Bacteria regulate gene expression through transcription factors that sense environmental changes in
order to adapt to the ever-changing environment. One transcription factor often controls multiple
genes. Since the expression of a gene consumes energy, the selection of the gene group to be
expressed is important for the survival strategy of the bacterium. It is often observed that bacteria
move vigorously in search of nutrients in the aquatic environment, while bacteria in biofilms rarely
move.

A VBERRENAE NS  MEZEBEREFAGEEERNERE - —BERRFEZFIZEERA -
ARERFRIREHFRESE  WINLEERBHZRRZMEERETRE - EKEREP  AEEEES
SRMAZEE - MERENREIRDEE -

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

B T OIR M IE T EE R

A. Generally, transcription factors, which induce the expression of glucose utilizing genes, suppress
the expression of lactose-metabolizing genes.
BEIRLEFHARNAEIERERNRBNEREF - SHIGZBECHERNRER -

B. Transcription factors activated by phosphate depletion activate the expression of glycogen-
utilizing genes.
ERHBED PR ENERRE T - UEECHENAERERNZRIR

C. Transcription factors that activate the expression of fatty acids-metabolizing genes are generally
activated under oxygen depleted conditions.

ZERCEMEAHERNEREF  tESEaBEZ /KBSt
D. Transcription factors that activate the expression of biofilm-forming genes usually suppress the
expression of the genes of flagella formation.

DR EEMELRERRENERE Y - IESHEELUER 2RI
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With the advancement of DNA research, various technologies have been developed, and it has
become important to select appropriate research methods according to one’s research purpose.
Among the research methods M1 to M7, mark (T) if it is appropriate as the method that provides the
most direct information on the following research purpose A — D, and mark (F) if it is inappropriate.

AT EEITE DNA MIFRVED MAR LR - FIKIEMFEENEEEENMRTEFEEE -
M1-M7 ZINBSEIMFRTE - BEMRTAEESHMRTEN A-D RESEERENEUMNER -
MB/AEEBRILA(F)IER -

Research methods

WMRAE

(M1) DNA microarray DNA f#f& 51 734

(M2) Quantitative RT-PCR £1t RT-PCR

(M3) CRISPR-Cas9 method £ X 4R #5

(M4) In situ hybridization RIS

(M5) Reproductive cloning 4B #E %2

(M6) Construction of iPS cell ZEEE M2 EEEAME
(M7) Metagenome analysis #2352 EE5E S 17

)
)
)
)
)
)

Purpose of research

mEBM

A. To examine the site where a specific gene is expressed in a mouse tissue, it is appropriate to
perform (M4)[__ 52 |
M4 AR N RSP E—ERFRIRNUE

B. To analyze the expression level of a specific gene in maple leaves, it is appropriate to perform
m2)l 53 ]
M2 BRR DR EPREERRIRE

C. To search the Bacillus subtilis genome for genes the expression of which is induced when the
nitrogen source is depleted. (M1)
M1 R BRREZ S EEEEREPRFERIRNER

D. To identify microbial species from microbial communities thriving in compost. (M7)
M7 o] LG E BN EEE PR EE
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The seed germination of plants is mainly controlled by the action of two plant hormones called
gibberellin and abscisic acid. Gibberellin promotes germination and abscisic acid suppresses
germination. Through the actions of these two plant hormones, plant seeds are regulated so that
germination is induced in an appropriate environment.

BEYREFRFIERSEENEEZMEENERRES  SEREERFMEEE RGBS - £H
ItmiEEBE 2R - dlBEEYiEFHEEErRERRE -

In plants, gibberellin is biosynthesized from a molecule called geranylgeranyl diphosphate.
Geranylgeranyl diphosphate is converted into ent-kaurene through the action of ent-kaurene synthase.
ent-Kaurene is then converted into gibberellin through the action of several enzymes such as GA20
oxidase. Biosynthetic intermediates such as ent-kaurene do not have germination-inducing activity
(Figure 1).

B EEZ—TEM S geranylgeranyl diphosphate B> F4 &L © Geranylgeranyl diphosphate #%
H ent-kaurene & AL ES#EE{EAZ A ent-kaurene & - BHREIER RW GA20 EEMBENEEER &5

EFEEY) ent-kaurene FEBFEEFZFRUEE(E 1)

On the other hand, abscisic acid is biosynthesized from carotenoid pigments. Abscisic acid is
converted into 8'-hydroxyabscisic acid by an oxidase called CYP707A. Seeds of Arabidopsis mutants
lacking the gene encoding CYP707A were observed to have significantly delayed germination as
compared to seeds of wild-type plants. In addition, the germination of the seeds of plants in which the
CYP707A gene was overexpressed were promoted more than the wild-type seeds. In this experiment,
the administered compounds play a similar function of endogenous hormones.

BEXABPEISRESH BRI CYP707A S{bBs#E(EAL 8'-hydroxyabscisic acid - fit=>
CYP707A P HIBF T REMKMNEFIRFBE LT LR BERE FEE - ILIMBERE CYP707A BEHKIE
FLEHERBEREFHRFREENRIEE ELHERTATHESYINEERNREBEAEBLIBIINEE -

Geranylgeranyl diphosphate Abscisic acid

(suppress germination)

[ ent-kaurene synthase ]

etc ‘ CYP707A

8’-hydroxyabscisic acid

ent-kaurene

[GAZO oxidase ]

etc

gibberellin

Figure 1

(promote germination)
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Indicate whether each of the following statements is true or false.

e T 5B RS IETEEL R R

A. In the mutant lacking the ent-kaurene synthase gene, germination is delayed compared to the wild-
type plants.
EHRZ ent-kaurene S AEERIREREF - BB SLLEH L RERIEE

B. When a mutant lacking the ent-kaurene synthase gene is treated with ent-kaurene, germination is
promoted.
ERZ ent-kaurene &R EERIZREIRLL ent-kaurene RIBFRHEBF W IEE

C. ent-Kaurene treatment to a mutant lacking the gene encoding GA20-oxidase promotes
germination.
A ent-Kaurene BEIETRZ GA20 ELEMRIEE R RER S R ERHT

D. 8'-Hydroxyabscisic acid has a stronger germination-inhibiting activity than abscisic acid.
8'-Hydroxyabscisic acid tb#EEE[E = BB E @S Eg S r0E 14
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Part of the sequence of vector A, which is for protein expression using Escherichia coli as a host, is
shown. It was planned to express a plant-derived gene X using vector A. Vector A is a plasmid vector
that expresses a protein fused to the N-terminus His-tag, which enables efficient purification of the
expressed protein. As shown in Figure 1, translation of the protein occurs from the start codon
immediately before the His tag with six consecutive His residues. The DNA sequences of the 5’ and
3’ regions of gene X are shown in Figure 2.

DRBRERBEITETERERRNEE A - HEoFIERNT - ILEE A STERAURRENE
X Hie ARER  RHEFRRBNEDLE N IFH His-tag BRE - IO ABEBRERAAERIRIREN
&H - ¥ Figure 1 FIZIRA - EEENE B A His-tag A1 NERBIE TR - BEHEBEEN/\E His
MRER - 2R X K 5K 3DNA F3IME 2 Fivs -

We planned to clone gene X using restriction enzyme sites, EcoRI, Smal, or Sall in vector A. When
the gene X is amplified by PCR, a fragment with a restriction enzyme site at the end can be amplified
using the primer with a restriction enzyme site. Since the restriction enzyme site is not recognized if
it is located at the end of the DNA fragment, three “Cs” were also attached in addition to the restriction
enzyme site.

F T AHSES A Y EcoR1, Smal 2k Sall FRHEIESTIEIURAEEER X - EEE X Ll PCR R -
HAERRIE BB RBBTIZIMUFSIAIS|F - F DNA R EBRIRRIBRGIEE 75 S AR - BT
PREVEELIAIIMNEZINA=1E Cs -

For example, in order to add the EcoRI site to 5’-XXXXXXXXXX----, the primer is designed as below.
5-CCCGAATTCXXXXXXXXXX----,

BITNZEMA EcoRI HIIE] 5-XXXXXXXXXX----F 515 5| F R RS st U0 T
5’-CCCGAATTCXXXXXXXXXX----,

22



Start codon His tag

-—-- ATA CAT GCA CAT CAC CAC CAC CAT CAC TCC GCG GCT CTT GAA GTC CTC TTT CAG GGA

-—--— TAT GTA TAC GCA GTA GTG GTG GTG GTA GTG AGG CGC CGA GAA CTT CAG GAG AAA GTC CCT

CCC GGG TAC CAG GAT CCG AAT TCT GTA CAG GCC TTG GCG CGC CCG ACG TCC GTC GAC AAG CTT---

GGG CCC ATG GTC CTA GGC TTA AGA CAT GTC CGG AAC CGC GCG GGC TGC AGG CAG CTG TTC GAA---

Smal EcoRI Sall HindII

Figure 1. DNA sequence of the cloning region of vector A (double strands).

1. EiE A(BR)EEEERN DNA B3
Start codon

ATG |AAG TTA TTG AGC AAT AGT CTA ATG TTC CTT CCT CTG CTG GCT TTG GCT —---

TAC TTC AAT AAC TCG TTA TCA GAT TAC AAG GAA GGA GAG GAC CGA AAC CGA ---

-—— TCT TCC TTC CTC AAG GGA ACA CTG CAC CAT CCA TCA TAT GCT TCG TCT
--- AGA AGG AAG GAG TTC CCT TGT GAC GTG GTA GGT AGT ATA CGA AGC AGA ACT

Stop codon

Figure 2. DNA sequence of the gene X showing 5’ region and 3’ region:1566 base pairs

2. EAX B 5’ & 3'ImAY DNA F31:1566 HiE %

Choose true if the primer is a correct one to use, if not, choose false.
M5 FERIE#EEE True - FRIFE False
A. Forward primer (| | the start codon )

AIES|IF(  |EEARRRET)

5'-CCC GAATTC|ATG/AAG TTATTG AGC AAT A-3'
EcoRl site

B. Forward primer (| | the start codon )
MBS RREET)

5'- CCC CCC GGG I|ATGAAG TTATTG AGC AAT A-3'
Smal site

C. Reverse primer (| the stop codon )
RESIF( [#RIEBEF)

5'-CCC GTC GAC TCN AGA CGAAGC ATATGAT-3'
Sall site

D. Reverse primer (| | the stop codon )
RESIF( [#EIERETF)

5'-CCC AAG CTT GTA GGT AGT ATA CGAAGC AGA ACT]-3' |
HindII site

63 |
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In recent years, a genome editing technology called the CRISPR-Cas9 method has been widely used
for biology research. In the CRISPR-Cas9 method, an enzyme called Cas9 is guided to the target
gene by forming a complex with a guide RNA with a sequence complementary to a part of the target
gene. Then, Cas9 cleaves the double-stranded DNA of the target gene specifically with its activity of
cleaving double-stranded DNA. Cas9 recognizes a 3-base sequence (NGG) called PAM sequence
and cuts the DNA strand 3 to 4 bases upstream of PAM. The cleaved DNA chain is repaired by the
DNA repair system, but at that time, a few bases are frequently deleted or inserted.

IMFHR—1EH A CRISPR-Cas9 MWERIMRERIMEZHARENMA L - FELILFE CRISPR-Cas9 #3E
73)A9 Cas9 B RE—EE RNA ERETE - MEEREBE/mFINENER - BEZLK DNA ]
ZEMR Cas9 BRESURIEZNER LR ERS - Cas9 EWRW—ETES PAM /9 3-#E (NGG)
ARSI - ME PAM 51 i 3 B 4 {EaaE U E#1T DNA tJE] - tIERT DNA SEZ# DNA 2 %
mETIEE -  BEENRRTEEZELEBEZRABIEA -

The CRISPR-Cas9 method was applied by targeting the region close to the translation start codon of
the most upstream exon of a gene encoding enzyme A of a certain animal. The base sequence of the
target region was determined for each of the four mutants obtained (Figure 1)

CRISPR-Cas9 /A ARREEEINER A BAD - & DFIMNEFPEZEREE FRMIITFES -
ICE B FrE BRI ER L R RE 540 N El(Figure 1)F7R

Original sequence TA TCT TAC ATG ATC CTA CAA GTA CCT TAC GCTCAG GAA G

Mutant 1 TAT CTT ACA TGA TCC TAC AAG TAC CTT ACA GCTCAG GAA G
Mutant 2 TAT CTT ACA TGA TCC TAC AAG TAC CTT GCT CAG GAA G
Mutant 3

TA TCT TAC ATG ATC CTA CAA GTA CCT GCT |CGG |CAG GAA G
Mutant4  TA TCT TAC ATG ATC CTA CAA GTA CCT TAA CTC GCT |CGG [CAG GAA G

[ ] Pam sequence recognized by Cas9

Start codon : ATG (underlined)
Stop codon : TAA, TAG, TGA

Figure 1

Indicate whether each of the following statements is true or false.
a5 & /Ut 2 IEFEE) #H R

A. It is highly likely that the activity of enzyme A is retained in mutant 1.
RET 1 FEBOBENRABRAEG

B. It is highly likely that the activity of enzyme A is retained in mutant 2.
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RER 2 FFRBEMREBRAEN

. It is possible that the activity of enzyme A is retained in mutant 3.
RER 3 OgerREBRAEMG

. It is highly likely that the activity of enzyme A is lost in mutant 4.
ST 4 REAERERR AL
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The tryptophan operon (trp operon) of E. coli is transcriptionally regulated by a repressor that is
activated by the binding of tryptophan. The active form repressor binds to the operator sequence
located between the promoter and the transcription initiating point and blocks the RNA polymerase.
There is another expression control system called the attenuator linked to transcription and translation
in the frp operon.

AN REERMRMANERA—HEGMRBEE - WIflEaEEeRMETMEORE - EEEKN
HEQEMERNS FRABFHREMENEEFFIES - MIHE RNA RSEBER - Z»E—2ARK
R RMAHE S S EFREGNERRIERIZEZFE AR F (attenuator ) -

Between the operator sequence and the frpE gene, which is the first structural gene of the trp operon,
there are four sequences of about 15 bases called Region 1-4 (Figure 1). Region 1 and Region 2,
and Region 3 and Region 4 have complementary sequences, respectively. When these regions are
transcribed as mRNA, they are paired with each other and form stem-loop structures (Figure 2).
Furthermore, the sequences of Region 2 and Region 3 are also complementary, so a stem loop
structure can be formed.

vj,J\UGCACUUG

Leader Peptide

(es)LysXara)ie XeneXval)LeufLys)Giy) Trp)Trp (arg Thr)Sen

Q4CAAUGAAAGCAAUUUUCGUACUGAAA GGUUGGUGGCGCACUUCCIITY V]~ A

0
Leader sequence Region 1 | @
3)
&

Region 3 | 4
[l eI\ AVAGACUAACGAAAUGC IS

o |

v
OC GGGCININIINUGAACAAAAUUAGAGAAUAACA!

IRegion 4 - i ‘

Region 1/Region 2, Region 3/Region 4; complementary E15 1/1&15 2, &1 3/&E 4 ; G
Region 2/Region 3; complementary Ei% 2/& 3 ; G
Leader sequence (Region 1) encodes short peptide containing two tryptophan residues (Trp)

SIERS (&I 1) HwiE B S MIE SR (Trp)#94E Rk
Figure 1

V.
o7
<
)
g

Q

\4

| trpEDCBAmMRNA |

A short peptide of 14 amino acids containing two tryptophan codons called a leader peptide is
encoded in Region 1 (Figure 1).

HERIFFRIREGHESE—EER trpE 2B - BB 1-4 &R - B&4KH 15 mEHER ( Figure 1) -
1BA2ERE  K3IEBE4 EFRIBEHIEMES  SHEHEEN RNA SHRILH AL ER B #4518 (Figure
2) - A2 BER 3 B BN B EfFS DA MEIRIBEE
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If the trp operon mMRNA is not translated at the same time as it is transcribed by RNA polymerase,
Region 1 and Region 2 of mRNA, and Region 3 and Region 4 pair with each other to form stem loop
structures, respectively.

£ 1 BUMmE—ERER 14 ERERORIEMEN(E 1) - NEREIRA4E mRNA % RNA S isiEirE
ER®KEE A1 BHE2 & 3 BHE 4 BRITHEEHIZNERES -

In this case, a consecutive U bases is located immediately after Region 4. Since the form in
which U bases continue immediately after the stem loop structure functions as a transcription
termination signal in the procaryote, the RNA polymerase is released and the transcription is

terminated ( Figure 2 )
EIEARR T  EREENUREEZET4IEBZE  -ARNELEEEN U BEBRBELIREEB VR - O
TEREEERAL IS - IR2 RNA RSB FEFLIE(E 2)

No ribosome _ o
. Transcription
1 2 5 . .
::H s terminated signal

1 ? : uuuu

Figure 2.

When the translation of the leader sequence occurs at the same time as the transcription of the mRNA,
the ribosome can translate the mRNA with the stem loop structure, but the transcription also ends by
forming the stem loop structure of Region 3 and Region 4.

= mRNA BirEpI SR 7 BERRET - AR EZFERTIRGEZ mRNA - BEER/ERRIE
3 &K 4 BEFREREBMAL
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Trp rich

Leader Peptide:

s completed

.
:r'I 2y,

= ] aﬁ 4
1 ; ;I 2 uuuu

Transcription
termination signal

|

Transcription stops

Leader Peptide: g, 213
not completed - .
: 4
. : — e
; _ ; uuuY

Stem loop formation of
Region 2 and Region 3l

Transcription continues

Figure 3

When tryptophan is deficient, it takes time to translate the Trp codons in the leader sequence, and
the ribosome temporarily stays in Region 1. The mRNA transcribed during that time will be paired with
Region 2 and Region 3 to form a stem loop structure. In this case, since Region 4 does not pair, a
transcription termination signal is not formed, and RNA polymerase continues transcription of the
troEDCBA operon encoding the downstream Trp biosynthetic enzymes (Figure 3).

ERRKRRZE ISR ZEREREFEERMEMRE  RZBEREEEFETE 1 B EREBHELN
mMRNA £ 2 B & 3 BES R ERAR - EILAR § - AR 4 BRBE®MHE R - EAITAEEREL
Ak - R SRS tpEDCBA BRAHHEER - DRI EIRMESHREBR(E 3) -

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

a5 /Ut 2 IEFEE) #H 3R

A. The transcription rate is much faster than the translation rate in the E. coli cell.
NG EEAMRNEERER 2 ERICEZEFRHRRRRS -

B. In a mutant strain of E. coli lacking the trp operator sequence, transcription-truncated mRNA is
generated when tryptophan is present in the medium.

ESEEETEAERER  ERZSMMBAENABLEERERMAE S  TEEL A TERN
mMRNA -

C. In the mutant strain in which the tryptophan codons in the leader peptide is deleted, the growth
is delayed when tryptophan is deficient in the medium.
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B =5 oo 424

SEEEPRZERER EMRKFITEREEEFRENABEERENR HELERIEE -
The tryptophan concentration in the cells increases in the mutant strain in which 10 tryptophan

codons are present in the leader peptide.
EREMEKEIITES 10 EeRBREBFHIREKAR TN EREZEEZEM -
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Glucagon is secreted from pancreatic A-cells and works as a signals via receptors (GLR) on the cells
of target tissues. The amount of GLR expressed on cell surfaces is important in determining the
magnitude of the response to glucagon in each target tissue. Figure 1 shows the amount of GLR
mRNA in different rat tissues. In the data shown here, the glucagon receptor is not detected in brain
tissue, but recent reports have revealed that it is present even in a very small amount, e.g., in the
hypothalamus.

FHERERERA MBI E BT A S AR ERRES(GLR)ZRIER - AIMRME L GLR RIEH
RFHERE FENABSHTRRNRERE B — K GLR EARAEABTNRIRE - BB
REMESP AL ARERE - BOHNARERELED ESEZ ISRV E GLR - 4
AR -

GLR mRNA (arbitrary units) fH¥JE I

0 250 500 750 1000

Liver HFfiE

Adipose tissue  AgHH4H%%
Kidney & fi

Spleen  H&fi&

Ovary [

Pancreatic islets fEE
Thymus  HgHiE

Stomach H

Adrenal glands & g
Small intestine /N5

Thyroid  FiRAR

Muscle A&
Brain(whole) K& ( 2 )

Figure 1. Relative abundance of GLR (glucagon receptor) mRNA in rat tissue. * indicates less than
detectable level.

1 FHEERXIZ(GLR) mRNA EREABPRRE I HE - * B RERTEMREE

Indicate whether the following descriptions are true or false.
R T FIRY R 2 [E i sk 2 85 3R AY

A. Liver expresses the largest amount of GLR because it is working as one of the major organs that
uptake and storage glucose in response to glucagon.

AEEEREARREREERENRUEFFHEZSRE - FIUFEREEAEZEN GLR
B. A lack of mRNA detection in brain tissue indicates that neural tissue in the brain does not require

much glucose as a nutrient.
ERFERE KIS AR GLR B mRNA - BRSPS ABSAELAZTEREFEERR
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C. Skeletal muscles hold stores of glucose only used in exercise. This is consistent with the absence
of GLR from the results of this experiment.

HAABSRIFMERENEERERES KGR  FIUEAEREBPERINGRZ GLR NERERTS
D. Adipose tissue, which has high levels of expression of GLR, is most important energy source during

starvation.
FERAABIAE5RIR GLR - FIMEERRIEATER Z REZ MWK -
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Metabolic Concentration Output power Expected speed | Exercise duration
substrate [mM] W] [m/s] [s]
RE=E =E WL IHE FRERERE EHERE
ATP 8 6400 27 2-4
CP (ILEEET) 26 6000 25 10-17
Glycogen (FTi#) 90 1640 6.7
>6000
Fat (BgH70) 7-25 1100 4.6

Table 1. Types of metabolic substrate and its concentration as an energy source in human muscle
cells. The predicted values of output power produced by the muscle tissue, the expected speed at
which the athlete ran with that power, and the duration of exercise are shown when only the respective
energy sources were used. CP indicates creatine phosphate.

x— ZEAFERIEERFENNHREZEE - BRINRBIAESBFIEENAHEE - FERE
ERAEEFUELINRFR ZOERE - MESFERBERERMBYEEBEEY EFTEHEIFRIERE -
CP fCRMBLET -

Indicate whether the following descriptions are true or false. 54 T5IBIRUH 2 [E TS 2 #HERAY

A. Athletes running a 100-meter sprint are supposed to run using ATP originally stored in muscle
cells during the former half. During the last half, ATP produced by respiration is used.

HSEFI100RFZ I - AU S ERNATPEZRREFEANRAIRPRIATP - B I5HFEAIATP
B3R 3 IR AR A -

B. It is possible that marathon runners continue exercising using muscle tissue without ATP.
HHEUNEFMS - I UERRBATPRMAABRESES -

C. A crucial point for middle-distance runners of 1,500 m is switching smoothly from running with CP
to that with ATP produced by aerobic breathing.

Y1500 R PEEREHICEFMES - HERATANEERZIKE 2EEANLIBNNEBRE S
0K PR EERIATP

D. Similar to bird migration, stored fat is one of the major energy sources for long-distance runners,
although it has some metabolic delay for conversion into ATP.

RBEBIEN - RIEFRRRAREENEDREBERIR - BAEATPIER EHEHOR
IR
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Huntington's disease (HD) is a genetic disorder characterized by devastating degeneration of nerve
tissues that progresses with age. Huntingtin (HTT) is known to be the causative protein of HD. Near
the transcriptional initiation point of HTT gene, there is a sequence containing repeated CAG
(corresponding to glutamate), which are usually between 9 to 35 repeats in healthy individuals. These
repeats are 35 to 75 in HD-population. The symptoms of HD tend to appear at a younger age and are
more severe when there are an increased number of CAG repeats.

FEEZHEHD)E—BERER EREEEMCAEBEEFRNIBRMEBEGERIIL - FTEEEAHTT)
EEMN HD RENER - 7 HTT ERNEEREEWREMT - 2A—EREEN CAG RIIHEREE) -
E#AAIEA 9-35 AERFS] - MFTEEIWELEAMA 35 7 75 BEEFT - BEFIINYEH
% - AR 8RR AENEES -

Recently, scientists in France have revealed that HTT plays an important role in maintaining neuronal
fast axonal transport (FAT, Figure 1). By careful observations with fluorescence microscopy, they first
showed that HTT was co-localized with motor proteins (kinesin and dynein) that are involved in FAT.
HTT was also shown to be co-localized with synaptic vesicles, as well as with glyceraldehyde-3-
phosphate dehydrogenase (GAPDH). Interestingly, HTT was not found with mitochondria that were
transported by FAT. Next, using cultured neurons, they investigated the effects of oligomycin, an
inhibitor of ATP production in mitochondria, and iodoacetate acid, an inhibitor of GAPDH activity (Table
1). Furthermore, when HTT expression was suppressed by RNAI treatment, only the FAT of synaptic

vesicles, not that of mitochondria, was significantly reduced. These results indicate that HTT was
solely involved in FAT of synaptic vesicles.

MEPABNR B R RIR HTT AR LT REMRERSD (FAT - B 1) WEZEZENAES - JA
ZOCEMER AR - B SR HTT B FAT PRESEAERS ER M NED)AREFERA
M - fiffIE 3438 HTT tAIRAE/ ) VE LUK 3-Bild E VMBI S 88(GAPDH) B R AR - BllK
= S FAT BERKIARIEPIRIZIR HTT - #EE PS84 - MR CISIRI4RIES ATP &£
RLRVHDHIE SRR GAPDH ROE MG R LB R ER(ER 1) - 218 RNAI ZREEH HTT &9
FRIR®E - RARE/IVERN FAT(MAZHIARIZH FAT)EZE N E - BLEERBUR HTT E2ERE/VERY
FAT -
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a AR
O aFAT ==
el

b

251 -1.9+0.1 pm/s

2.3+40.1 pm/s

20

T3 [%]

65 43 -2 101 2 3 45 6 7

rFAT aFAT

Figure 1 Fast axonal transport (FAT) in nerve cells. a, active transportation of synaptic vesicles and
mitochondria outward to the nerve ends is called anterograde FAT (aFAT). Transportation in the
opposite inward direction is called retrograde FAT (rFAT). Measured velocity and its distribution (%)
is shown in b.

1~ AR P RO TRIR BN SE B (FAT) - a. A58/ B AIRIARES X
FAT (aFAT) - k73[R RINZEETE R EITI FAT (rFAT ) ISR

ARBERENEBBEEBIRTH
[ERE 7 0 (%) BRIR b

ggﬂ%d\;\@ -I-HIIJ HE
22l A8 BEI=E Yt 22l A8 BE= 1V
aFAT 2.3+0.1 22+0.2 0.3+01 09+01 0.3+0.1 1.0+ 0.1
rFAT -1.9+401 | -19+0.2 | -0.2+0.1 -1.2+0.1 -04+0.2 -1.0+0.1
Table 1 Effects of oligomycin and iodoacetate on the velocity [um/s] of anterograde (aFAT) and

retrograde (rFAT) transportation. In the experiments to determine FAT velocity with iodoacetate,
pyruvate was included to maintain ATP production by mitochondria. Control experiments were carried
out in a buffer medium without inhibitors. Under all experimental conditions, ATP/ADP ratio in axons
was maintained >80%.

= 1 BEERNME S BE#ET 4 (aFAT) M T (rFAT)EE R E [um/ s|NFE - £ Bl 2 BORIE FAT
HEENERT - MATREIRE AR ATP £5 - ZEFIEEREE A NFIENEERPE
17 - EFERERIRET - iR ATP /ADP LERIGHEFR > 80% -

Indicate whether each of the following statements is true or false.
R T AR S [E i Sk 2 85 3R AN

A. Near the N-terminal end of HTT molecules in HD patients, there is a larger number of glutamate
repeats compared to that in healthy individuals. _

B FEERARLL - HD BZEWHTT 2 FSEEANIREEERINBIRERE -
B. Itis possible that HTT helps to anchor GAPDH and motor proteins to synaptic vesicles.

HTT SIBE B BN GAPDH NIE8) & 3 i & =/ Vel L -
C. ATP produced by mitochondria is not efficiently used for FAT of synaptic vesicles, even though it
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can maintain a sufficiently high ATP concentration within axons.

MIARAR A AR ATP B e Ol R R AR = 2B ATP - th ABEBM AR SR AR/ IR FAT -
ATP produced by glycolysis is crucial for the FAT of mitochondria.
WERRERIESER ATP N4 EEN FAT ZRFEZE -
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Animals living in deserts like kangaroo rats achieve the ability to sustain themselves on a limited
supply of water through incredibly well adapted kidney. To remove waste without losing water, species
have developed mechanisms to concentrate their urine. There are two types of nephrons that
concentrate urine, a type with a short Henle loop located in the renal cortex (cortex: C) and a type
with a long Henle loop located near the renal medulla (juxtamedullary: JM). The ratio of these two
types of nephrons differs depending on the animal. The table shows the habitat of each animal
species and the urea concentration in urine. The graph plots the juxtamedullary-cortex ratio (the
number of JM type loop/the number of C type loop) in each animal species.

EREIRPNEN N EE - SEEBRIIKDHET - ZRSEERNOBRIKBERMEREEAKD -
B TENMBRKDER T HREY - BEYRBRREDRERENES - EMERMRRIBTT
—RENRE RE PRI Henle FBIR( K& :C ) Z—RBRURBREMITAYR Henle BIR( THEE 1 IM )
EMEBERBITRLEAIEESYNE - PRER FSRSVHNENNRFINERERE - ZEBER TS
EEMROREE-REEXR (JMEIRWEE/ C BURMEE )-

Species (#1&) Habitat (1£ith) Urine concentration (JRAEE)
(mOsm/L)
Rat KB moderate $%5 2900
Domestic cat X 3# moderate % 3100
Kangaroo rat BkEEE  dry ¥2)& 5500
Beaver ;I J8 freshwater/land 73 7K/PzE 520
Human A% moderate %5 1400
Porpoise EBHK marine /87¥ 1800
Eland K#F dry EZ% 1880
Camel 588 dry EZ% 2800
10 5 .
5 .
s 207 .o
K%) L
= 1.54 . * " .
O ¢ et
g: 1.04 = .
084 °*

<1000 2000-3500 >4000

PRIGUREE (mOsmiL)

Indicate whether each of the following statements is true or false.
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EE TIINRUL R IR ZER -

A.

B.

Beavers seem not to possess the cortex type nephron.

ABUFARERERE T

The JM/C ratio of the kangaroo rat is estimated at 1.5 or more.

PEEEAN IM/ C EERMEFT /15 HES

Longer Henle loops can efficiently reabsorb salts, resulting in urine enrichment.
BREM Henle IROIARMBRIED - FREEE -

Animals living in dry regions have a higher proportion of cortex type nephrons than those living

in freshwater.
EBEEZEHESVNEERE TR  SREBEEERKFWEY) -
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Aresearcher recorded neurotransmitter responses from a neurosecretory neuron in the hypothalamus.
Gamma-aminobutyric acid (GABA) is well-known as the neurotransmitter at most inhibitory synapses
in the brain. The researcher found that the application of GABA to this neuron induced more action
potentials (Figure 1). Then, the researcher measured GABA-induced chloride current responses of
the neuron under various experimentally controlled membrane potentials (from -50 to 0 mV at 10mV
steps; Figure 2). They also plotted maximum current amplitudes (current differences before and after
the GABA application) against membrane potentials (Figure 3). A downward deflection of a current
trace is referred to as an inward current and reflects the movement of Cl- ions out of the cell (Figure
4). Table 1 shows the intra- and extracellular concentrations and the equilibrium potentials of sodium,
potassium, and chloride ions calculated by Nernst’s equation.

— IR ERE FUR T RENDDEBETZHEERERRE - v-aE T (GABA ) ZANEFH]
HIMREOEZGEBIER - ZIFFKERIR - MZE@ETIRT GABA 5| EZRIEFEMU(E 1)-
KRB MRABAE 7@ TEEREFZENARIREMLT - B GABA FRSIMNERFERNRE ; (¢
SS0F omV - g 10mV BFIEE - B 2 ). tMHEHHESUER T &AEREBE (0 GABA Bl
BHERE ) E3) M MRENERMRR/RCEAER BB C-EFEMRETRL (B 4)-
=1 BN REHEEE R SRR EELRM - SBNEE T 2ARATMARINRE - DURFEE -

GABA
S
g
3 | | ‘
: I \
: i
g "'f.-_.- I
j: fzq' MR I,
§ h e
. sec.
Figure 1
1500
GABA
L ]
¢ OmV o
—
. — (] S0 _
—— T V() g
e ———— .
— ———— ——— i 0o ﬂg
Y 0 g i
e — - - -500
= ) Eﬂpn ¥
“50 mv 200 ms . o
-
Figure 2 Figure 3 -1500
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) + Current =E (mM) B
%2. Cl ||— (mV)

2l s
GABA®
Na 15 150 58

+

K* 140 7 -75
Figure 4 Cr 40 120 -28
Indicate whether each of the following statements is true or false. Table 1

8 P AR R 2 1E i# s 2 ERRAY

A. When the membrane potential was -10 mV, the application of GABA induced the depolarization
of the recorded neuron.
SIEENH-10 mV 5 - TEMECEFVBEITT LT GABA 5|38 E161E

B. The equilibrium potential of chloride ions was more positive (less negative) than the resting
membrane potential of the recorded neuron.

ik FOEEEN - MERWRHNAE T ZFEEEUERE (RAARE ).
C. Under the presence of tetrodotoxin (pufferfish toxin that blocks the generation of action
potentials), the higher concentration of GABA depolarized the neuron more positively than OmV.

EIBRSENEE NIBSERSEEESFEMNNESL) - BSRER GABA EMEITEMBERE
EE®R 0mV BRI -

D. The researcher recorded other neurons. The neurons hyperpolarized their membrane potentials
by GABA. If the resting membrane potential of both neurons are the same, intracellular chloride
ion concentration of the hyperpolarized neurons is lower than those of the neurons observed in

Fig. 1~4.
HRABRH TEMMAET - SETHEENEE GABA MBME(L - MIRMIEMAETTHE L

EBAIAERE - RIS b TEMRARE FREZERTE 1~4 PEHRERRIMLTT -
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In the African clawed frog, Xenopus laevis, the mode of cell division shifts from cleavage to somatic
cell division, which has interphase, at the 12th cleavage after fertilization. This is called the mid-
blastula transition (MBT).

FEMITIE Xenopus laevis RZIFEREE 12 RIVRE - AR ZEXNSEINRBEHESEIRVISH
BNk - SHEAEMRDHEEMBT) -

Microinjection of mMRNA of genes that are required for nuclear membrane formation at one-cell stage
results in the increase of the nuclear size, but the cell size does not change compared with a control
embryo. In this experiment, MBT occurs earlier than the 12th cleavage (Figure 1, left). Conversely,
when the nuclear size is artificially reduced, the cell size does not again change but MBT occurs
later than the 12th cleavage (Figure 1, right). Note: These treatments do not alter the time required
for each cleavage.

FEEMMRREE - DEMEFZIER R BERR mRNA S EARZIER - (BREKRIZEGIHENMIEZR
AR AN A - FERZEERD - MBT SREHES 12 RPN ZAI(E 1 - &) - Mt - i AR
ALFH AN - AR A/NAEERIE - T MBT HEEEMNE 12 ROIRE1 - ) - FE:
ELEREEATNEBRIVHEFABRRE -

kK B &# K
mRNA AR S
35 RNA 5

¢ o @ |u

L M _l,
() 0

.L iRl FHAM

( \Ilj(/-]\ g \ XFEHH@;F? ‘I", jQ/J\ N 37U
\-\._E._F iﬁj]u 1"\ r j(/J\ '\\“ mlj\ DDK

B AN ———
i | s

GEE) %127

N Bz

Figure 1

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

R T AR RS [E i s S 85 53R

A. This experiment indicates that that MBT occurs when the volume ratio of nucleus/cytoplasm is
high.
ZEREHEARARENEELLRSR - BiE3%4 MBT

B. When MBT occurs before the 12th cleavage stage, the duration from the fertilization to the 12th
cleavage stage is reduced.

= MBT #4EEREE 12 RO - HIBRE 12 ROPHWAERFEZ FE
C. The timing of MBT depends on the number of divisions after fertilization.
MBT BB REEUANSIEEN D HRE
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D. These results indicate that MBT occurs when the amount of histone per nucleus is greater than
a certain value (Note: No manipulations performed in this experiment affect histone).

ELERARISE  BEEAREANASEBARETER  FERE MBT(ES | ABRDY
BEREPSIEEENSE)
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In a Xenopus embryo, the dorsal-ventral axis is determined through cortical rotation after fertilization.
On the dorsal side of an embryo, the Spemann-Mangold organizer is necessary to determine the
body plan of the embryo. When the organizer formation is inhibited, a head defect occurs in embryos.
On the other hand, the head is enlarged when the organizer region expands.

JEMTUUBROBERS =~ B IERaEs - 2B SIBEN R EEERIEE - MR - Spemann-Mangold 48
BRURERSEHBNRESNEY - SABROTAZIEE - FRUE HIRENRE - B—5
0 2ASEZEERABEDEE

B-catenin (B-cat) and GSK3 are involved in organizer formation. The table below shows the results
of phenotype of tadpoles microinjected with B-cat, GSK3[, an DN B-cat (3-catenin inhibition factor),
and DN GSK3pB (GSK3p inhibition factor) into the dorsal or ventral side of the embryo.

B-catenin ( B-cat ) A1 GSK3B £ 7 AHMIZHIZA - FFRER FINMIRRES RIS AIFAZE TS 7 B-
cat - GSK3B - DNB-cat ( B-catenin 1% EF ) 71 DNGSK3B ( GSK3B IHIHF ) BRI MBI FREVAS

mRNA Dorsal injection E1)X8¢ | Ventral injection Ag ¥ 57

B-cat Large head FEEREEA Secondary head formation
AP I TR

GSK-3p Head defect 882 iR 18 No effect &L

B-cat + GSK-3 No effect #E&1{E No effect &1L

DN p-cat Head defect BEEBERIE No effect &1L

DN GSK-3p No effect &1L Secondary head formation
iAD% I TR

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

B TR M2 EiE 28R

A. This experiment shows that GSK-3 inhibited organizer formation.
Z BB GSK-3B 1% T AR A

B. This experiment shows that GSK-3 inhibits B-cat activity.
Z BB GSK-3B 1%l T B-cat HIEME

C. This experiment shows that B-cat is not expressed in ventral region.
Z BB B-cat ABERIREIEAIREE

D. This experiment shows that GSK3B works downstream of B-cat.
E 7~ GSK3B fEATE B-cat I N F
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Animals possess mechanisms for maintaining their body temperature within permissible levels. For
example, they show various responses to changes in room temperature. In addition, animals’ body
shapes are optimized to adapt to various climate changes, and their behaviors also regulate their
body temperature.

YIRS REEERERER - EUAFNEENRN - Al PEEESEREBUEBZERNE - I
SNBSS ETFAOEZEARREERE FTEENREERER  BYNTATOREERR

Indicate whether each of the following statements is true or false.
B FoIRA 2 IE T 2 85 3R AY

A. In each ordinary habitat, the body temperature of endotherms is always higher than that of
ectotherms.

— M ARE IR RBESRINREN) -
B. In humans, the body temperature is elevated when the temperature of the hypothalamus is

artificially increased.
WAENS  ENEERERARASE  BRTE EH

C. When a female Burmese python incubates eggs, her oxygen consumption in a cold room is less
than that in warm room.

It AR ERLEBNERHREEEREREEBEFRE
D. Ectotherms require less energy than endotherms for homeostasis.
HRRARENY) - INBEIV IS EEMREEEER D
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Aresearcher aimed to induce undifferentiated cells by expressing multiple genes in human fibroblasts.
They focused on 24 genes that were identified as highly expressed in embryonic stem (ES) cells. It
was found that when all 24 genes were simultaneously introduced in fibroblasts, the colony formation
characteristics of undifferentiated cells occurs. Next the researchers tried to find the minimum set of
genes that induce undifferentiated cells. The graph shows the colony formation when 23 genes except
one were introduced into fibroblast cells.

MARBBEANBEHEBARE PRIBLEERDFAZMIRAB AR ERIMME - thPIZEE ¢ 24 (BT EK
RN RERENER - £5E 24 EERNTEHASARRRRIRE - oEREARDCHR ZHE
ZAIREE - B BMLEERBREMNAEE  MRAEEREBER—EERE - REERD AR
FTRHZAREZHE - TP ELEMRERE ARV FZMEERREMBEIZIRDEREE - NE
CHENESRE—ERE - AREFERZER -

B
=

e
<

o

Number of colonies #HfE

Al 123456789101112131415161718192021222324
Gene number excluded from 24 genes

(RAIBRER Z 4R 5R)

(“All” on the X axis shows that the 24 genes are all introduced.)
(‘AR 8 24 EEREHKRIR)

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

R FoIRIMIE IE e 2 8RR AY

A. These results show that colonies can be formed through the introduction of genes 14, 15, and 20
into the fibroblast together.
RERBREHAEDAMERRIZER 14,15 X 20 5 - STEAANIMES

B. These results show that gene 14, gene15, and gene 20 are required for colony formation.
KEERBRER 14,15 & 20 - HRAEFE NN EN

C. These results show that the colony number is the highest when gene 9 is introduced into the
fibroblast.

RERBRARKIRER 9 BRI EE 2RSS -
D. This experiment alone is not sufficient to find the minimum gene set needed to induce colonies.
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FERRREBEIZEELAMBAERVERA
E. These results show that genes 14, 15, and 20 are expressed in fibroblast cells. 108
REERFBRER 14 - 15 20 ol e @AM P RIR
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Immature lymphocyte B cells differentiate in an area of the peripheral lymph organ called the embryo
center. Myeloma cells are tumor cells that produce one type of mature immunoglobulin. mRNAs for
full-length or only 3 'half of the immunoglobulin light chain gene were purified from a myeloma cell
and were radioisotope-labeled. Genomic DNA fragments obtained from either the embryo center or
myeloma cells were digested with a restriction enzyme and size fractionated by agarose
electrophoresis. These DNA were hybridized with radiolabeled mRNA, and radiation was measured
after the removal of unhybridized mRNA (the experimental flow is shown in Figure 1). The results are
shown in Figure 2.

RAEFAH B MEIKAIRERAMB P ONBERERER DL - BRBARME —EZEERAREIK
FEOMNEREAR - ol B BRI (myeloma)FAEELE REKEQKBERZRIIES 3KV

mRNA - T 7R RTR - ARSI ATIE T EIEME /O BB AR ERRNERM
DNA R E - WEEEMIEREKREA/ND R - ’KELE DNA BT R0 mRNA 32 - WHEERR
RHZZIH mRNA BRISEE RS (BRRENE 1 FivR) - ARWNE 2 Pvk

___Hybridization  Count measurement
%’%é\ &=
Myeloma —r 3 i
C;'L , —— mRNA = [ Rl labeling /™
g preparation AL e AN
mRNA % Ly > =
.T.

Genomic DNA digestion with - Size fractionati

Preparation Restriction Enzyme bl/zzlgst(;olﬁgzrlgsnis

E[H52 DNA £ R4 AL —_—

WGV - ‘_:' - FIFH BRI E AN

Figure 1
~ 2504
g
S
St
DNA mRNA g 2004
myeloma Full length § 150
o =
myeloma 3’end half \3%(
— &%
embryo Full length ks fg 1004
p— -k
embryo 3’end half & &
50

Running distance (cm)

e )iaEt
P Figure 2
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Indicate whether the sentences below are correct or incorrect.
5 AR FUR 2 IE TSk 2 R AY

A. The immunoglobulin light chain gene contained in the embryo center cells is shorter than that in
the myeloma cells.

et O AR PR SR e R IKERERE SR NENER e EREQERE

B. The running distance depends on the length of DNA hybridized with mRNA.
EXZENRVIEREEURICEE mRNA Z XM DNA RE

C. The nucleotide sequence of DNA region hybridized with 3'-end mRNA is different between the
myeloma-derived DNA and the embryo center-derived DNA.

2 FE AN MR PO EREE ER 3 I mRNA %3289 DNA %8 55 & A

D. The full-length immunoglobulin light chain mRNA isolated from myeloma cells contains sequences
from two different parts of the DNA genome of the embryo center cells.

B BHENERRERERZR mMRNA SAERR P/ OAR MR MER 2 EEH DNA

47



Plant biology
B2

Q29

In order to prevent an excess water loss, stomata respond rapidly to changes in humidity.
Transpiration rate per unit leaf area represents the speed of water loss from the plant body. It is
proportional to the diffusion rate of water vapor (dwater), the water vapor concentration difference
across the leaf epidermis (Aw), and the relative stomatal aperture. Figure 1 shows relative stomatal
apertures in normal air and in Helox air (79:21 mixture of He and O, with the appropriate
concentrations of water vapor and CO; added). Relative stomatal apertures were measured in normal
air (Air) and in Helox air under three different Aw conditions: the same Aw as that in normal air (Helox),
2/3 of the normal air Aw (Helox??), and 1/2.33 of the normal air Aw (Helox"?33). dwater in Helox air is
2.33 times higher than that in normal air, while Helox air does not affect any other factors of
transpiration. Note that water vapor diffuses only though the stomata and that the water vapor
concentration inside the leaf is always saturated.

RBRIBERERKS  BRENER  S[AGRERE - BEUEER FHEFREIMCREEDRE
KIKDHRE - ZBURREKZEFHIRBCE R (dwater) ~ KERBBERKIREZE(AwW) - LURR LRI
HANER  -B1EREREEZRRETERE (Helox ; EFR RIS 79:21 WIIABEREHN
KERE CO BREaMAMREE) 2 THRAMBE RN - DEAEEEEZERAINT - UEkGERE
=EAE Aw BERZRFAAEE KR/ - B Helox BIZ2H Aw EIFEZER1ETAEE ; Helox?? ED%E Aw
RBIEBZERIBENHN 2/3 ; Helox"23 BI2H Aw BIERZERFE R 1/2.33 - [EARAE MY dwater EETEIE
ZR FEH 233 F  MaafKBEAfgTEERFANTEUREF - 7 E7J<z¥nu/ SRR AER - E%
ARKZER EE# SRR -

1.2

Relative stomatal aperture

& '
gt &

ﬂ+

& o

Figure 1 Relative stomatal apertures in various conditions

1 REER FROBEE AN - 4 - AERAAN
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Indicate whether each of the following statements is true or false.

fEd FAIFREL 2 IEEREEER -

A.

B.

Stomata respond to the absolute humidity of the air.

RAZHERPRBEREME -

113

Transpiration is higher in Helox air than that in normal air at the same humidity.

EMHERGRE T - ZBUFRERSRE NMEELER
Stomatal response to low humidity decreases the photosynthetic assimilation rate.
SARBEERENRESEBSIFRNERREE -

Stomatal response to low humidity keeps the water loss constant.

RAABRERNREZEKDERRERFEE -

49

mETES -
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When tomato leaves are wounded, the expression of protease inhibitor genes is induced and protease
inhibitor proteins accumulate in the leaves. This response contributes to defense against insect
herbivory as the protease inhibitor proteins suppress the digestive function of insects. Since this
response occurs not only in damaged leaves but also in undamaged leaves, it is assumed that some
mobile molecules transmit wound signals over long distances.

EEMEARRER  EABMHREFNERZRBEEHHAE  HEABNIIHERSEERPER -
ERNREOLBRERNE - ARSEABNIHELZRIEERAVEEINEE - BRERNREANE
BEERBNER  TEREEARRENERTD - FIUBRBERLETRHN D FEELRIEREBEN

ﬁ{’a_ﬁﬂ/u\ °

Jasmonate and systemin, a signaling peptide composed of 18 amino acids, are involved in wound-
induced expression of protease inhibitor genes. Indeed, neither systemin-insensitive mutant (spr1),
jasmonate biosynthesis-deficient mutant (spr2), nor jasmonate-insensitive mutant (jai7) show
expression of protease inhibitor genes after wounding.

FAME MR (HE2—1EH 18 EREMAMMRMK) FRZERFENEQBITHRFERZ
RIE - HRAERAGRRIORER(spr1) ~ FKFABEES A RKNRER (spr2) ~ PUREZRFIRE A SUKHY
RER(ai1) BEBEATERSZEEEABNMFHREFNERZRR -

To investigate the roles of jasmonate and systemin in the long-distance signaling, experiments with
grafts between wild-type and mutant plants were conducted. Leaves of the stock were subjected to
wounding and then the expression of protease inhibitor genes were assayed, both in damaged leaves
of the stock and in undamaged leaves of the scion (Figure 1). The results are summarized in Table 1.

BYRNFABRELXGRERERNSEENAS  MRABERNRERBVEE (graft) KETES -
AL AR (stock)E A RIGEE - RE D TIRHIRISE A LUK IETE (scion)IARRISE A I E R ESHT
HIRFERZRIR - B 1 - EREEER1

scion L Y t‘ / leaf

AN -7
\\\\\

_____
- \\

= graft
'l IJ \ damaged
!
stock ’ﬂ ‘s\ \ wounding

------

Figure 1. Schematic illustration of graft experiments

1 BEREROTEE
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Table 1 % 1

Expression of protease inhibitor

Genotype genes
HEAR EABNHREFERZRIR

stock A scion 1EH stock G scion &7&
wild type spr1 + +

spr1 wild type — -
wild type spr2 + +

spr2 wild type — —
wild type Jai1 + -

Jait wild type - +

Indicate whether each of the following statements is true or false.
IR T HIS U2 E RS8R -

A.

Perception of systemin in the proximity of the wound site is required for the expression of protease
inhibitor genes in leaves distant from the wound site.

EROREEVRARMIZME  TohERERSEENERPEEABIITIEFERZFRIR -
Jasmonate synthesis required for protease inhibitor gene expression takes place in the proximity
of the wound site.

WERBFRARESH T8RO EEEERBIFHIRFER ZRIR -

Perception of jasmonate in the proximity of the wound site is required for the expression of
protease inhibitor genes in leaves distant from the wound site.

EROREBEVRRANERFE  TEEEMREBENERPEEABIIFIEFERZRIR -

Systemin is likely to be the mobile signaling molecule responsible for long-distance wound
signaling.

AMRUERAERIEMEBERSNAENIBH DT -
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Strigolactone (SL) is a plant hormone that controls shoot branching. In Arabidopsis thaliana, several
SL-related mutants, such as max1, max2, and max4, which have loss-of-function mutations in the
genes MAX1, MAX2, and MAX4, respectively, have been isolated. While MAX2 encodes a key
component of the SL receptor complex, MAX1 and MAX4 each encode an enzyme for SL biosynthesis
(Figure 1); MAX4 for the production of the SL precursor carlactone (CL), and MAX1 for the conversion
of CL into SL. Grafting experiments using these mutants and the wild type (WT) were conducted, and
the number of shoot branches were counted (Figure 2 & 3). In this experiment, neither mRNAs nor
proteins of the MAX genes were found to move across the grafting junction.

BRI iE RN (SL)E—EEHE o NEYERE - EMRANET T+ - BXIEE SL AHRERISREK -
WD B H AR EIHE max1, max2, 1 max4 - D RITE MAX1, MAX2, I MAX4 EREEETRKINEE
RUZREE - Hoh MAX2 B8 SL S 5248(SL receptor complex)fNEZ 4L 2 4RHE - T MAX1 T MAX4 5
RIBE SLAEGHBREIHN—EREZZHEE (B 1), MAX4 BlES SL AIRIEEY) carlactone (CL) &R -
MAX1 RIEA% CL 88387 SL B - FIRELEREMRMEBERWT)ETEEER  DStEFMEEN IR
B (B2fME3) BT  MAXEEHN mRNAs I HEHEHAZEBRERBZERD) -

Carotenoid Grafting of seedlings 40 days after grafting

Shoot

l MAsA scion { L Shoot

scion
Carlactone (CL) Grafting mmp
l MAKT
Strigolactone (SL)' Root- Root-
stock - stock
Figure 1.
Biosynthetic pathway of strigolactone -

Figure 2.
Schematic illustration of grafting experiments

1 B SRR RARNESNBER B 2 ZERERNSE
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Mumber of shoot branches
[T % T N o T =

shoot scion

Genotype of
P rootstock

Figure 3. Number of shoot branches in the grafted plants
B 3 FFEYELEN DB

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

BT HIE /S [EEERR -

A. The MAX2 gene mainly functions in the root.
MAX2 EERINEEE R EEERED -

B. SLis synthesized both in the root and shoot.
FERMEDR - SLESEM -

C. CL, the substrate of MAX1, is transported between the root and shoot in either direction.
CL (MAX1 B FE¥) o] LUE—77 RIfE IR EA S RE 4 4 2K

D. If ashoot scion of max4 is grafted on a rootstock of max2, shoot branching will be normal.

8% max4 REBEEE max2 iR £ - ENO B EZEEN -
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Zinc (Zn) and iron (Fe) are both micronutrients for plants. Plants obtain Zn and Fe ions from soil
through the root system, and transport them to the shoot. Plant culture media usually contains low
concentrations of these micronutrients. Half-strength MS medium, a typical plant culture medium,
contains 15 uM Zn?* and 50 uM Fe?*.

FHEZn)ME(Fe)ERBYNMEEE R - BYERRAN TETECSHNER T WEEEED - EY
HIEEEREEURANVPENELEHMEEEER - PREN MS BEE(BERNEMEEE) &8 15 M
Zn?* and 50 uM Fe?*.

Although micronutrients are essential for plant growth, at excess concentrations they inhibit plant
growth. To examine the inhibitory effects of excess micronutrients, Arabidopsis thaliana plants were

grown on half-strength MS media, supplemented with additional Zn?* and/or Fe?". -
HAMESBERZESEVERAVEN - REEASHEAFIENER - ST IHNMEEEREEESH
HHEITEA - FBAHEFERD 7 ABHASERN Zn? A Fe?MT8E MS IEE2E 1 4ER -

Additional Zn?*(uM)

(a) Additional Zn2*(uM) (b) Additional | () B
0 50 100 250 Fe?(uM) Shaot
.. 120 m o o
-] £ o0 : | 100
= B . [ 200 £
X4 2 £ o0s "
- = B0 Additional
] B a0 & Fe?'(uM)
= = = H ¢
g 2 20 g
& = Root _ B 100
00 s0 100 250 % 15 B 20
5]

10F

o 50 100 250
Additional Zn2*(uM)

Figure 1. Effects of additional Zn and Fe ions on plant growth. Plants that had been grown on half-

strength MS media, supplemented with additional Zn?* and/or Fe?* at the indicated concentrations,

were pictured from above (a), measured for the dry weight of the shoot (b), and analyzed for the Zn
contents in the shoot and root (c).

1 AIEMEEF HEVERNTE - (a) EMEDRE MS FEEWARMAR Zn? M Fe RE
NERBE(EH : A0 Zn? ; 48 : A0 Fe?) ; (b) ERFEZEREEH : A Zn? ; 4l : AHEE
B); (c) REZPWEHZESM(IEH A Zn? ; 4 . #352) -
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Indicate whether each of the following statements is true or false.

R THIE R EEe iR -

A. Zn accumulation in the shoot shows a stronger correlation to growth defects than the correlation
shown by Zn accumulation in the root.
HEBEED  BrHBESRMRMEBIEBRSCHEEERTES -

B. The growth defect caused by excess Zn?* in the culture medium is mitigated by the addition of
Fe?"
EEEPRINBEN Zn?FriE ML RIRFE DI EARIN Fe* MHURMAE

C. High concentrations of Fe?* in the culture medium suppresses Zn?* uptake by the root.
BEEPSEEN Fe EHIFIRP ZnWIRUL -

D. Total Zn amount in the shoot is not affected by the addition of Fe?* in the medium. 128
EPNHASASZAIEEED R Fe?NTE -
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While snapdragon normally has bilateral flowers, flowers of its mutant defective in gene G lose
bilateral symmetry and have radial symmetry, thereby indicating that gene G confers bilateral
symmetry to the flower.

HRRIEFNEREEAMAEENTE - EE G RIEARERANTEAMAKEMEBESEIEE - FIL
BRERE G BRICEIRM AL -

In the inflorescence of wild-type sunflower, the outer region has ligulate florets, whereas the inner
region has tubular florets (Figure 1). Variants x, y, and z of sunflower have DNA insertions in gene G’,
a sunflower orthologue of the gene G from snapdragon (Figure 2). As a result of these insertions,
variant x has only ligulate florets over the entire inflorescence, and variants y and z have only tubular
florets over the entire inflorescence.

HEMWEHEERFF - SINEBEIRIE - PRIBEMTE(E 1) - iS5 E DNA 5l # AR EI’i’v%E’\Jﬁ G
(RERE GHEIRER)P - 25 x, y, and z —EEFE(E 2) - BLEBARER - x SIENEETT
BaMRTt -y M z SBHRETEFIRBEERTE

Ligulate Tubular

Figure 1 Ligulate and tubular florets of sunflower

B 1 [ HENSRENERTE

. Intron
Gene &7
5 UTR 3'UTR
Insertion Insertion Insertion
inx and y iny inz

Figure 2 DNA insertions in gene G’ in the sunflower variants
Variant y has two DNA insertions, while variants x and z have one insertion.

B 2 mHzEZED - EE G'H DNA BAIBHE - &8 y BMifE DNA A - mE&E x A z RIE—(E
A -
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Indicate whether each of the following statements is true or false.

R THIE R EEe iR -

A. In the wild-type sunflower, gene G’ is not expressed in the florets that form early during
inflorescence development, but is expressed in the florets that form later.
EHLROHETCRFEBNERFREAN/NES - ER GRAERKIR - BEEBIZMERS -

B. Invariant x, expression of gene G’ is decreased due to the DNA insertion.

218 x P - HEE GCFRIZERE DNA AR

C. Variant y is a loss-of-function mutant of gene G’. 131
@78 y REE GRANHERIT LI -

D. Variant y is more closely related to variant x than to variant z in the lineage of sunflower variants.
MHEEZBWEHERBGRSD 278 y HERE x WIRZILHEENE 2 B850 -
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Fragaria chiloensis is a stolon*-bearing perennial herb that grows on coastal sand dunes. In coastal
sand dunes, nitrogen-fixing shrubs often create small patches of lower photon flux density (PFD) but
higher soil nitrogen availability. The presence of such patches frequently makes a difference in the
resource availability between stolon-connected ramets**. To examine effects of stolon connection,
researchers compared the growth of connected ramets and severed ramets; one ramet in each pair
was provided with high PFD but a low level of soil nitrogen, and the other ramet was provided with
low PFD but a high level of soil nitrogen (Figure 1). As a result, combined dry biomass of connected
ramets was 54% higher than that of severed ramets.

S5 B 1EY)(Fragaria chiloensis)2 —EEEL MZFEENEY) EREBSENVE L - BEVE

T HERINFERERNBE A —L/N\ER - EEERIERCFEEEE (photon flux density ,
PFD) - BEEERSHNIERRZOUHE - BRERNFESBEEMHEEZHENME S KB Z2ER
OJAMEME - BT ARMEEEENTE  TRASLEBAESRUREEERNERBLY ; H
T—EPHKE TS PFD EESZENTIRAR  ME—EIKETEPFD ERZENLIERR(E

1) - BREUN - BEDRWBLZELCTENEEES L 54% -

*Stolon: a stem that grows along the soil surface and forms buds and roots at the nodes for clonal
propagation.

ENETERAERNE  UEZHEFEAFNR - UAEEEE -
**Ramet: an individual unit of a clonal colony.

DR B R EEAENE —ERE -

High PFD Low PFD High PFD Low PFD

connected|
severed

Low nitrogen High nitrogen | Low nitrogen High nitrogen

Figure 1 Schematic cartoon of experimental setup
1 BERRENTEE
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Indicate whether each of the following statements is true or false.
R TS Z Rt E [E L ERER -

A.

Shoot/root ratio of the connected ramet provided with high PFD and low nitrogen was higher
than that of the severed ramet provided with high PFD and low nitrogen.

EZEMRIEE L - %875 PFD-BEHIRARNBESMRE PFD-5 LIERENTENEEES -

In the severed ramet provided with low PFD and high nitrogen, PFD was not a limiting factor for
plant growth.

E4TE PFD-5 L IRAZMIIETNESE DK - PFD AZ2EYMERIRSEIREF -

Severing of stolons does not affect the combined dry mass of ramets when resources (i.e. PFD
and nitrogen) are distributed uniformly.

SEIR(M PFD MRAR)D M AR - ENEENEEAS T EM D RIREZE -

Assimilation products and nitrogen can be translocated via stolons in Fragaria chiloensis.
TEEEBEY)(Fragaria chiloensis)® - E{EFRNENMRA R LUIKSHELEE -
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Soil salinity (NaCl) affects the growth of plants. As the increase of osmotic pressure induced by soll
salinity reduces the ability of plants to take up water and minerals, soil salinity elicits osmotic stress.
Additionally, because cytosolic Na* interferes with the activities of metabolic enzymes, soil salinity
also elicits ionic stress. Thus, NaCl elicits two primary effects on plant cells, which both trigger a
signaling cascade that start with the elevation of the intracellular Ca?* concentration ([Ca?*]i). In
contrast, sorbitol, a sugar alcohol often used as an osmoticum, elicits only osmotic stress because
sorbitol is non-ionic. x and y are mutants of Arabidopsis isolated as defective in NaCl-induced
increases in [Ca?*]i. Figure 1 illustrated below shows the dose-dependent [Ca?*]i increases induced
by NaCl or sorbitol in the seedlings of the wild type (WT) and mutants x and y.

TIREE(NaC)EFEEYNER - ERTBEERESIENBEEAS  SREENREIKD TR
MEWBEN - FITIBEEEREEDIE - It5h - ARMEER Na'2TENRHE RSN - LIRS
EUEENE 215 - AU - NaCl E¥EMMRSIZMEEETE - ItME IS — KNS EER
& - RBIERAIRA Ca? RE([Ca? )RV - I - LLEHEES (Sobitol)(—T&E 1F 2 EREITEIRVHE
B)RSEEBERFIEN - BRECERIFREFE - x M y 2UAMBEF P oL RNMERER - ©
{M7E NaCl 5 5&[Ca®]i IBNNRVBRE T AMRE - UNE 1 BnaBHERUARER/NED - RESE
HIBI[Ca?]i Z#K NaCl =k LIRS % S Mg 0 -

0.8 16
e r 1.2
= =
Z =
=04 | = 08|
< ‘=
=2 =
02 r 04
ﬂ.u L 1 i L 1 D_D Fl L 1 i L
0 100 200 300 400 0 50 100 150 200
Sorbitol (mM) NaCl (mM)

Figure 1
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Indicate whether each of the following statements is true or false.
R TS Z Rt E [E L ERER -

A.

B.

Mutant x is defective in sensing osmotic stress. 137
REWR x SERZBBETIE FAHRE -

Mutant y can sense ionic stress. 138

RER y BB BEFFIR -

The dose-dependent [Ca?*]i increases induced by NaCl of the x y double mutant are expected to
be equivalent to those of the x single mutant.

£ x y REMD - ZEISEHRI[Ca")i 2 NaCl FHREMIBNAIED - BEHETE x EREREKR

HAEE -
The dose-dependent [Ca?*]i increases induced by sorbitol of the x y double mutant are expected
to be equivalent to those of the y single mutant.

T xy ERERD  FHSEGRI[Ca?]i SR IIZMEREFR XMEMAVER - BAEE y BEREKRE
REAERE -
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Following is a description regarding a population of a diploid organism, species A, with a special focus
on the locus C that is involved in body color.

MR —EE[EIEENIE At HIEEe 7B R E C rOMHR

Based on the given information, indicate whether each of the following statement is true or
false.

RIBFRIZHMNEN - FE TS ROE R EM#ESEER -
A. Information: Species A consists of two color morphs, black and yellow, controlled by a single locus
C: the allele C® for the black type and the allele C for the yellow type.

Statement: If the allele C® is completely dominant to the allele CY and the frequency of the yellow
type individuals is 9%, the genotype frequency of CBC® is about 70%. Note that the population is

assumed to be under Hardy-Weinberg equilibrium.
BHREM  VEAEAMERE  BNE6  REERE C T : FNER CPEFHIEEE - I
HEE O ZEHl=8H -
MR HESUERE CPYH CY 22l BEEeRERNERE 9% - CPCCP ERARERANG
70% ° EE  BRILEEGEIERFEER -

B. When the body colors of ten species belonging to the same genus with species A were examined,
they were all yellow.

Statement: In this case, the body color of the ancestral species A just after splitting from these
closely related species must have been yellow under a parsimony principle.

RRLYE A BB 10 BYENES - GRHAE=
athe : AL - RIBEKIRIE (parsimony principle) - BI1EE LR MBI MTER 0 K HRAITE A E
7 HEBRZESEN -

C. Asmall portion of individuals in the population of species A was isolated due to diastrophism (large-
scale deformation of Earth's crust) and formed a new population A’.
Statement: The drastic inter-generation changes of allele frequency of locus C in population A’ can
be best explained by natural selection.

1 A IREF PR —/ BB ) B A (R K AR AR AV T 5 2 &) (diastrophism) T 2 BT R A A ©
AtAH : ERRE A BERE C NSUERBEREH N ZERETIENENIBR - REUZ RN
fRRE -

D. A slightly deleterious mutation with exactly the same effect on the fithess of an individual

independently occurred in both the small population A’ and the larger parental population A.
Statement: The fixation probability of this mutation is the same in both populations.

ENRIREE ALURBKETREE A - B—EEMEZENRE - 5581t S M kAR —(E &
el BBRHBERUEBEBEMEERNER -
AtER - REEMGEFNEE FRAERMERE -
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The following figure is a phylogenetic tree of ECP and EDN genes in primates. EDN shows strong
ribonuclease activity. By contrast, ECP shows strong anti-bacterial function, although its ribonuclease
activity is weak.

NEE2ERYE ECP A EDN ERRVFR G R %M - EDN BURERAAZIEZMESS M - A - ECP BUKR
SREVIETNRE - AT B AR S MRS -

0/0 1/0 Human
6/0 2/1 _ Ghimpanzee
1/2 2/1 Gorilla ECP
33/3 17/2 Orangutan |
15/5 Macaque
X 0/0 0/2 Human
¢ 7/3 1/1 Chimpanzee
3/5 12 Gorilla
T 8/3 3/5 Orangutan EDN
21/13 Macaqge
36/16 Tamarin

Figure 1. A molecular phylogenetic tree of ECP and EDN genes in primates based on amino-acid
sequences. The numerator and denominator along each branch show the numbers of
nonsynonymous and synonymous nucleotide substitutions (substitutions that cause and do not
cause amino-acid changes), respectively. Branch length is not proportional to sequence divergence
nor time.

1 ERIBRY ECP M EDN ERZZE G - EERITRERFIIMNSG - €8BI ENDF
M B RINRIFAFZERIN(SEMEER S UK RZRZEBINC (A ZERRERIE) -
D> REN A7 15 B R ) B A
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Indicate whether each of the following statements is true or false.
R TS Z Rt E [E L ERER -

A.

The most recent common ancestor of these primate species only had the EDN gene. 145
ELEREBYVENSTIOHRFBHETLRE EDN EH -

It is likely that the Human, Chimpanzee, Gorilla, Orangutan, and Macaque independently
obtained the ECP gene by gene duplication.

A8 - 2122 (Chimpanzee) * KIZIE(Gorilla) * 43232 (Orangutan) 1 5E %% (Macaque) o] BEZ{E Al
Bt EBRERERMES ECP EH -

The number of synonymous substitutions in branches between common ancestor X and human
ECP is smaller than that between X and human EDN.

HEMET X AR ECP ZEBMN DX £ - HEZEMCHEBLE X F;IALR EDN E/)\ -

During the early evolution of the ECP gene, positive selection likely operated on mutations that
enhance anti-bacterial activity.

# ECPEREMFHE(LE - EEZFAEZFAERENRENENRE L -
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Following is the phylogenetic tree based on the amino-acid sequences of all opsin genes in the human
and zebrafish genomes.

MEZEREABTSER (zebrafish) R EERIPIE R E B (opsin) £ H Z I B 8 75 D 47 Fr SRR &
B f )

Zebrafish MWS1
Zebrafish MWS2
Zebrafish MWS3
Zebrafish MWS4
Zebrafish RH
Human RH
Zebrafish SWS
Zebrafish UVS
] — Human SWS
Zebrafish LWS1
Zebrafish LWS2

| — Human LWS
Human MWS

Figure 1. A phylogenetic tree based on the amino-acid sequences of all opsin genes in the human
and zebrafish genomes. LWS: Long Wavelength Sensitive opsin, MWS: Middle Wavelength Sensitive
opsin, SWS: Short Wavelength Sensitive opsin, UVS: Ultra Violet Sensitive opsin, RH: Rhodopsin
type opsin. Branch length is not proportional to sequence divergence nor time.

1 —RERUMERER (opsin) BRI ZIREMFHDHT PRASHA BN SR ER R GE G-

B LWS : HRKBRANEER ; MWS : HPRKERRRER ; SWS: HERSRNEER ; UVS:
HERINCHRRIRED ;| RH . REREENBER - nXREMFS LR SR -
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Indicate whether each of the following statements is true or false under a parsimony principle.
RBENRR - 158 FIIZRMZ 1 EFESERR -

A. In the phylogenetic tree, zebrafish SWS is most closely related to RH. | 149

TG ARG - BIHER SWS ] RH B&R&A -

B. The common ancestor of the human and zebrafish had four opsin genes in the genome.
EABENRSTRNHEHEZERERET - 54 EREEERA -

C. The opsin gene at node | was supposed to encode an LWS. | 151
8 I WREAEE LSRG LWS -

D. The zebrafish has acquired five opsin genes after splitting from the human. | 152
REBRERAEIIKRERZE - BFE 5 EREEERA -

E. The human has lost two opsin genes after splitting from the zebrafish.
ANBERHFRIRERZE - ERX 2 AREAER -

F. The common ancestor of the human and zebrafish did not have any SWS in the genome.
EABMMFRNHEHRSEZEEES - 2EHT SWS -
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The Peromyscus polionotus inhabits the mainland of the Florida peninsula (Figure 1 @) and has a
dark-colored coat (Figure 1). In contrast, P. polionotus, inhabiting the light-colored sandy coastal

dunes (Figure 1 (O-®), which are estimated to be 6,000 years old, has a lighter-colored coat (Figure

1). These mice show obvious differences in color patterns according to their habitat. The researchers
compared the melanocortin 1 receptor gene (MC1R), a key gene for melanogenesis, and revealed
the existence of two alleles, of which 65" amino acid residue is R or C, among these mice populations.

5RFaH & B (Peromyscus polionotus)Z R EHZEEZFENAE(E 1 @) BEXEEE 1) ik
it ZEEREEEDVEE 10-Q HstEMEFAA 6,000 F)WREEHERANEEZEEE 1)
ELERBRNIREEIMEEE LWPRER - TRABIRENER 1 XBERAMCIR; REX
THNERER)  HRAMESUER  FELEBRGNT - £ o5 EREMAEZR 3 C-

T -
3
o

E
HOTONN S
oy N
O R = -
| : E .

]

- e P P R (R R PR

MSH
(logM)
Figure 1 Figure 2

Figure 1. (left) Four localities of habitat of P. polionotus in the Florida peninsula. (right) Cartoons
represent the color patterns of the mice in each locality. Pie charts indicate the frequencies of the R
allele (black) and C allele (white). n indicates the number of individuals surveyed.

1 (EE) REAEEEREEEFER 4 B2 ; (GE)EEMMNEEECHE BB PER
R FUER(FRE)N C HUER(BB)REXR - n SHERVEEREE -

Figure 2. Plot of the cAMP response to the MSH (melanocyte stimulating hormone) stimulation for
MC1R expressing cultured cells. The X and Y axis indicate the concentration of the MSH and cAMP,
respectively. The MC1R proteins encoded by R or C alleles were examined in this experiment.

2 cAMP HREFAMRIME(MSH)RIFIEEAIEH MC1R RIBEE - X M Y #ORIIEL MSH
N cAMP FIRE - ABERERAHR = C SNERFHZ MCIREBE -
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Indicate whether each of the following statements is true or false.
B MISRELZ EESEERR -
A. In addition to the MC1R gene, other genes are likely to be involved in the body color of these

subspecies.
BR7 MC1R ER - EthBERO[ged RiELiENEERE -
B. The dark color coat population is likely to have emerged from the light color coat population.
REBENGEUBEEIEREEMNER 7 IR -
C. ltis likely that the C alleles (65" amino acid residue is C) of each population @ to (3 results from

an independent mutation.
BEO-QF - BEGEN C HMER (S 65 ERERAEZ C)EEREBIUMNRE -

D. In Figure 2, the white circle and white triangle represent R and C alleles, respectively.
2% peEEMNAEe=AoRIfNER M C FUEHR -
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Pundamilia pundamilia and P. nyererei are a closely related sister species pair of cichlids in Lake
Victoria. These two species are distinct in male nuptial body colors, in that the former and latter are
blue and red, respectively. By contrast, the females of the two species are not distinct, both
possessing cryptic body coloration. P. pundamilia and P. nyererei inhabit shallow and deep
environments, respectively. The light component in Lake Victoria is oriented to be blue (short
wavelength) in shallow and red (long wavelength) in deep environments. The opsin proteins of the
two species are shifted to the same wavelength of their habitat light components. In addition, inter-
species hybridization occurs under the specific light condition, where red and blue lights cannot be
distinguished.

4 FTM D - Pundamilia pundamilia 1 P, nyererei @& R iR & RGO — K YIE -
EMmENETER ZIEREREAR  AE2ER BERLAE - kit - EmENEHERRIZ AR
FER - BEREEE - P pundamilia A P. nyererei N R BIEZKMFKIRIED - 2 F vy
- IERKEREGIER)  TRKERARER) - MPRENSRE0EWER EEZ DML AER
MHEERSE - o - EAMEXAERBENRSKIRIE T @ MEREBENER -

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

B NIRRT 2 IEES SRR -

A. The speciation of the two species is considered to have been caused by mating preference of
males to females.
mANER B R E M MR REREFPTISA -

B. During evolution, each of the two species is considered to have adapted their visual cues to their
habitat light environment.

E{CHIE - MY EEERREEMIRIENREET -

C. The consistency between the male nuptial colorations and the light components of their habitats

are explained by natural selection for camouflage.

B e B EE S HEN 2 B — B o] AR BN KIERERE -
D. The sequences of the opsin gene differ between males and females in each species. 162

SEYENEENEMEEBNREERZFIIAE -
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Molecular phylogenetics is a powerful tool for inferring phylogenetic relationships among extant
species. The following are methodological statements on molecular phylogenetics.

DFEAMBREBERRRNREFYREERGEGZRN TR FIEERD FRMABRESR AR -

Indicate whether each of the following statements is true or false.
B MISRELZ EESEER -

A.

We must choose gene(s) with faster evolutionary rate(s) when inferring a phylogenetic tree of
species with older divergence.

MRV EENERENYEZ BRZEGE  BEESCERERNER -

In order to infer phylogenetic relationships between species, paralogous gene(s) that were
duplicated during the evolution of the subject group should not be analyzed.

B TR YEBRH GG - it REEFERCHBHRERS 2[ERER (paralogous gene)-f
EWENADHT -

To root a phylogenetic tree with an outgroup, we should choose a species, which is as distantly
related to the subject species as possible.

MIEFINE R LR G R R IR - BRI BE B MR BN GERRE -

Two species (sp. X and sp. Y) are described based on morphological characteristics. Here, we
sequenced a gene from five individuals of each species. As a result, we found that the gene

sequence of an individual of sp. Y is more similar to those of five individuals of sp. X than those
of other four individuals of sp. Y. This result contradicts the biological species concept.

RIB R EIM D HAOME Y (sp. X M sp. Y) * FEUL - #E7E 5 BEREEIMEERZFY - &R
238 sp. Y B9 1 EEFEEVER 5 sp. X 89 5 EERS - LCAE sp. Y RUE 4 [EEES - BAMEEL - UL
ERNE BB SHEER -

70



Evolution
E{EEYE

Q42

Figure 1 shows the evolution of cetaceans. Studies using stable isotopes indicate that Pakicetus and
Amburocetus ate freshwater fish, while Remingtonocetus, Miacetus and Basirosaurus ate seawater
fish. Indhyus was, like most extant artiodactyls, a terrestrial herbivorous animal.

1 ER¥A( Cetacea WIE(L-FABERMZWITFRIEL - BEER(Pakicetus) iz iE &7 (Ambulocetus)
Iz K8 - M ERRIEER(Remingtonocetus) ~ Z B} (Maiacetus) 1 £ R (Basilosaurus) Bl Nz i 7K & -
ENIRF& (Indoyus) - MRIAER IR F R B EF B (artiodactyls) - @FEENEESHY) -

| |
70 60 50 40 30 20 10 o (MYA)

Odontoceti (AQ)
Mysticeti (AQ)
t B O
+ ——— Basirosaurus (AQ) JII|>
—— Miacetus (AM) @)
m
Remi AM . >
emingtonocetus (AM) .Archaeoceti 748
Amburocetus (AM)
Pakicetus (AM) -
Indhyus (TE) gg
_|
hippopotamus (AM) O
- cow (TE) g
. (@)
pig (TE) 3
camel (TE) J &8

Figure 1. A phylogenetic tree of cetaceans and artiodactyls. Extinct fossil species are shown with.
All extant cetaceans are classified into two subfamilies: Mysticeti (baleen whales, which do not
possess enamel-based teeth but possess baleen plates) and Odontoceti (toothed whales, which
possess teeth). The lifestyle (AQ: aquatic, AM: amphibious, TE: terrestrial) of each group is also
shown. Lifestyles of fossil species are inferred based on morphological characteristics. MYA: million
years ago

1 REBENBHEENHREEGE BRENEAYRESN T B FIERFNHEEEN A 2 @Em=HR:
SR (Mysticeti ; B ABBIIMET & - (BEEBREN) METlR(Odontoceti ; EfREBF &) - B P
BUREATRRT (AQ:JKE; AM: @it ; TE : fE%) - (bAMRENE RN RIZRIBI RS EERIEST -
MYA : BEFH] -
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Judging ONLY from this phylogenetic tree, indicate whether each of the following statements
is true or false.

ERBUHERAGRE - BH TSR 2 1EREEER -

A. Under the maximum-parsimony criterion, the most recent common ancestor of the hippopotamus

and modern cetaceans is amphibious.
KERAELERA - U HBAIRE RN &I HEELEMERN -
B. There were no fully-aquatic cetaceans 50 MYA.
£ 50 MYA - 22 AT 2 KERNERER -
C. Based on these studies, the evolutionary scenario of cetaceans is speculated as follows: 1.

becoming carnivorous, 2. becoming fully aquatic, 3. invasion to oceanic environments, 4.
divergence into baleen whales and toothed whales.

RIBE LM - HASRENREBIROSEN N (1RARERA ; 2 8BTEKEN ; 3.EABFER
BER 4.0 R IESERNEER -

D. The enamelin gene, which encodes an essential protein for the formation of teeth enamel, was
lost during the evolution of cetaceans before 35 MYA.

VAV E B H(enamelin) - HEERE—RALRT EIINEBRNERZERE - 1% 35 MYA (748
BICHIERR T -
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Proteins encoded by Hox genes share a 60-amino-acid DNA-binding motif, the homeodomain. In the
fruit fly Drosophila melanogaster genome, eight Hox genes are assembled in one cluster on the same
chromosome (Figure 1A). The segmental expression pattern of Hox genes along the anterior-
posterior axis of the fruit fly embryo shows collinearity with the gene order on the chromosome (Figure
1B). Fruit flies normally possess a pair of wings that develop from the second thoracic segment (T2)
of the embryo, and a pair of balance organs (halteres) that develop from the third thoracic segment
(T3). When the gene expression of Ubx gene is lost by mutations, T3 transform into T2 and two pairs
of wings are formed. Beetles and grasshoppers have two pairs of wings although the most anterior
segment of the UBX protein expression of their embryos is found in T3, the same as that of the wild
fruit fly (Figure 1C).

B Hox ERFTRIBHNERE - EixEBA —EH 60 [EREFKFT1E A 2 DNA #4512 (DNA-binding motif)-
EHREFEE R (homeodomain) - RU(Drosophila melanogaster)fVEFE e - 8 {8 Hox EEMAM—
 BEMEERER (B 1A) - Hox ERERS EWRIBER - GEREBRIRMWATER - KIBERE
e ENIER - DIFETIARZIR(E 1B) - RIBBEEEE —HUEMBRNE _MEH(T2)RH 2 @8 -
PDIR—EIRE=MENTI)REZFEE - & Ubx ERMNRIZAREMER - T3 EEES T2 MKMW
HRE - PRfESEmERE - BATEENBN T3 2810 81R UBX EBRIBHNRAIER | EHEN
KREPtBEHEEER -

A C  Fruitfly Beetle Grasshopper

N_W T/ 07 A T
lab pb Dfd Scr Antp  Ubx abdA AbdB

bdB

Figure 1. (A) Eight Hox genes on the fruit fly genome: lab, pb, Dfd, Scr, Antp, Ubx, abd-A, and Abd-
B. (B) Segmental expression pattern of the Hox genes in the fruit fly embryo. Anterior is the left. The
expression patterns for each gene are illustrated by labels that correspond to (A). Arced bars shown
below indicate the range of the expression of each gene. (C) Schematic drawings for UBX protein
expression in three species of embryos. Anterior is up. Red arrows indicate the boundary between T2
and T3. Area with gene expression is painted dark.

1 (A)RIBEEEE /9 8 18 Hox EA : lab, pb, Dfd, Scr, Antp, Ubx, abd-A, and Abd-B ; (B) SRiEL
fath - Hox ERERE LMFRI[ERN - BHEAIZMEAR - SEERNFIRELNARNHSTE(A)E
E - MR REBEERNRIEHE ; (C)FREZHR=-TEESMIBN UBX EBXIER - B LA
Alln - ALEEERTE S T2 - T3 ENAR - AEeBRAZERTIRNES -
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Indicate whether each of the following statements is true or false.

B MISRELZ EESEERR -

A. Proteins encoded by Hox genes act as transcription factors that regulate gene expression.
Hox BRI EL B EFRAMERRIRNVEZER T -

B. The segmental expression pattern of the Hox genes determines the identities of each segment
in fruit fly embryos.
Hox ERTERSEN FHNFRIRET - AREERIEMBE P SEBENZRK -

C. In the Ubx gene mutants, the extension of the abd-A expression to the anterior region leads to
the transformation of thoracic segment.
£ Ubx ERRERT - abd-A RIREB E AR - BHWETAYEE -

D. Beetles and grasshoppers have two pairs of wings because their Ubx genes control a different
set of genes in T3 from that of fruit flies.
a2 AmE g - R Ubx ERESITE T3 WERASMRENAHEE -
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Three-spined stickleback Gasterosteus aculeatus are widely distributed in both marine and freshwater
areas across the world. Adaptive radiation has led to morphological differences between marine and
freshwater populations. Of such differences, all of the marine populations have a pair of pelvic spines
that evolved from the pelvic skeleton, while some freshwater populations of various localities have
lost their spines (Figure 1). Genetic analyses revealed that the causative genomic region for this pelvic
difference is located around the Pitx1 gene. This Pitx1 plays an important role in the development of
the ventral spine, thymus, and neuromast. Although the amino acid sequences of Pitx7 transcripts
are identical in both populations, the expression patterns of Pitx7 in the pelvic fin buds of embryos
are different: Pitx1 is expressed in the marine population (purple), while it is not in the freshwater
population (Figure 1 insets).

—RIFA(Gasterosteus aculeatus)E;Zz 7 EEHFRREFERNFRKKIE S - B EBEREFENRKIE
BHENWFEEERE TEEEEY AR FEHBE —HU B2 (pelvic skeleton) T4 ALK B 2R (pelvic
spines) + M- AE#MEAIED KRB RIE A T RI(Figure 1) - BEEDTERET  ERILEEREEN
ERBEEUE Pitx1 EEEE - It Pitx1 TR - MRMNGEENEE LHEEZEAE - BATEMK
WROGERES - Pitx1 EENRERFSIEE  HRRSREFNRIEXRIAARE © Pitx1 T8 F KR
WERIR (RB)  BEXKEENEE 1 WHE) -

Marine Freshwater
A = N 2
—P» — >
| |

Figure 1. Ventral view of marine (left) and freshwater (right) sticklebacks, showing the
presence/absence of pelvic spines (shown by dark blue). Anterior is to up. (Boxes) Magnified ventral
view of stickleback embryos showing Pitx1 expressions in the pelvic fin buds.

1 BFEMARKER)N=RREH - BrEEZEEEB2R(RER) - B LHZE80 ° (F71E)
=RISMIRRVIEEI N - BNEBS RIS Pitx1 3RIR -

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

R MISRELZ EESEERR -

A. The freshwater population without pelvic spines independently have likely evolved from the
marine population with pelvic spines.

RAEBRRNBRKER - olseR BB EES AR FEEELMmR -
B. Pelvic spines can function to protect the marine population against predators. 176

BEFRET  BRERNIEFBRAERZNMNEINEE -
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C. The Pitx1-knockout individual of the marine population are likely to show similar phenotypes to
those of the freshwater population. 177

TEEGEED - Pitx1-FIBRBVE RS O BE = BAIR L3 KR BF AR LIRY R E -

D. The presence/absence of Pitx1 expression in the pelvic fin buds of embryos may result from the
difference of enhancer sequences that control the gene expression.
it - BERETFH Pitx1 2ERIFEUUERBZEHERRIENVILEF 2FINEE -

76



Ecology
FREE

Q45

Density dependence is the fundamental process governing the population dynamics of organisms.
The graph below describes per capita (per-individual) birth rate and death rate as a function of
population density in two types of species (I and ).

RENEEIKFEEFEEYIRFB RSRE RS -
MNEREAWBREYE( and |l) - FIOBEREENEEREIFETRERHBERG - 4idh @2 T
RER 158 : RHEE -
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Indicate whether each of the following statements is true or false.

R THIE RIS [EEsERR -

1. Asexually reproducing species are more likely to be type | than sexually reproducing ones.
EMTIENYRLE AU EIERNYEE F IS — R (type ) -

2. Population density is kept constant around all points of A, B, and D with a density-dependent
manner.

EEERFNRT T  BEBRERA B D _HEHSIHISTEE -
3. The aggregation of individuals is advantageous, rather than detrimental, below the density
threshold of C.

EHEBHZERERT CHMUMNT - ERBEEANNMIFEEN -
4. Type | species are more likely to go extinct when the population is severely decreased, than type
Il species.

SHEEHERERDVE - B (Type )WYRBRESE K (type )HMEEBJBERAE -

77



Ecology
FREE

Q46

An animal’s territory is an exclusive area defended by an individual to keep resources, such as food,
and mates. Territory is different from home range, because home range simply represents an area
over which an animal regularly moves and may overlap with those of neighboring animals of the same
species. The size of the territory is determined by the cost and benefit obtained from the area, in a
way that maximizes the net benefit gain of individual animals. The graph below shows how cost and
benefit change with the size of the territory.
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Indicate whether each of the following statements is true or false.

B T oIZ Rt S IE LIRS -

A. The benefit curve shows saturation at a large territory size due to the depletion of resources.
EREFHEEAR - HEHASLIRMNESHREREENG

B. The optimal territory size is the intersection point between the cost line and the benefit curve.
EIEENEESEEESENEHRRETEHRNIRE -

C. When resources become scarce while the cost line is unchanged, the optimal territory size
becomes larger.

SERERIOMAEHRALZ  AFERUABEDTE
D. When the population density increases and mtraspecmc competition becomes intense, territorial
behavior could disappear.

SRHBEEMMUREANGF SRR - BYTABAUEEHERK
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An experiment was conducted to examine the relative effect of pollinators during the night and in the
daytime on the reproductive success of golden rod flowers. Pollinators cannot visit the bagged flowers.
The figure shows the number of viable seeds produced (mean + standard deviation) by flowers that
were not bagged (1), those bagged during the night (2), those bagged in the daytime (3), those
bagged during both day and night (4), and those that underwent enforced pollination by an
experimenter (5).

—IEMRR VY BENEEAREBR EHEBHREYRENRINERNTE - BHEAESHERMNIG
- NERASERANTCMEEN S ENTEFR(TIOHREE)  (1)FER - QRBEL - )HEE
C(AHREER - B)UKBAMFEAERNITRIRE
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Indicate whether each of the following statements is true or false.

B TS RUL S IEFEESHR -

A. Nighttime pollinators contribute to about 60% of the total seed production. 187
REFENEERMERE 60%NBFLEES -

B. The flowers may be capable of self-pollination. 188
IEEYITEEET Ol 1T Bk -

C. The contribution of daytime pollinators has a greater variability than nighttime pollinators.
HEEHNEZENERICERENZNEEEARNEENY -

D. There are no limitations to pollination under natural conditions. 190

EBRWIER T - B ERIRE -

79



Ecology
FREE

Q48

Mosquitos are vectors for transmitting human diseases, and the application of insecticides to water
bodies is occasionally conducted to control mosquito populations. In a mosquito population, there are
two alleles of a locus that affect susceptibility to pesticides, (s): susceptible, and (r): resistant. The
resistance is completely recessive. The table below shows the change in the number of individuals
with different genotypes before (Pre-1990), during (1990-2000; shown by an arrow), and after (2005-
2015) pesticide application.

WFRERABEBORT - ABRZEKEIREPIERERSHAEH WFEE - NFBETE
—HSNERNEFENFHRBEOMSY - (s)AWRE - B(nBERY - BENUNSUERZERE
Rt FREBRER 2T M IFRIBIHA(1990 Z A1) KifFHA(1990~2000; 5188 6N &) - £ #H(2005~2015) -
AREREEREHERINE -

s/s s/r r/r
Pre-1990 222 3 0
1990 31 12 4
1995 26 35 41
2000 2 12 126
2005 74 64 44
2010 165 45 20
2015 210 12 1

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

EE T IIFROLZIEHEREEER -

A. No resistance allele was present before insecticide application. 191
HifEfe=aml 2 Al - BERMANSUERLALIR -
B. During pesticide application, natural selection favored the resistance allele. 192

TR =T IER  KREANRENMNSEUER -
C. Resistant individuals (r/r) are likely to have lower fitness than others (s/r, s/s) in the absence of

pesticide application.
BRMRNER(/NIELBRSBEMENER T BEMEREEE (s, s/s)MEth BRENTEE -

D. From 1990 to 1995, the frequency of the resistant allele increased more than 10 times.
1 1990 #1995 &£ - EMMMNSUERBEREM T +1E -
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Scientists monitored the number of individuals for ant species in a 5 hectare plot of land for 50 years.
The below figures represent the dominance rank of observed species in terms of their abundance,
that is, the number of individuals for each species. Each open circle represents the value for each
species. Note that the most abundant species is given rank 1.

MEXRHE—E 5 AR EERNBNEE - 548 7 50 F - TEIRAERENIEE  kFREEENH
HZEERWEZFULEE - SEEBNER—RBEBNHERERFAU  BEERZNEBHFES
— - it - EEE (BYRBEE ) =il VREEEF -
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Species dominance rank

Indicate whether each of the following statements is true or false.
BT HIS /S [EEEER -

A. The total number of species does not change in the three periods observed. 195
- EAERNEREAE - MBS A E -
B. Species A has gradually outcompeted other species over time. 196

YIiE A EILERHRRE - B2 FEEIEE— LY -

C. The top three species account for more than 75% of the total number of individuals in the first year.

EE—FHRII=—MYESFIBEBEREEN 75% L -
D. During the 50 years, evenness among species has decreased.
FEATEFER - YIERESTE ME -
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Understanding how plant species richness affects community biomass production is important for
biodiversity and ecosystem conservation. In a grassland, scientists created 72 experimental plots (1
m? each) with different numbers of vascular plant species (from 1 to 10 species), with species
combinations assembled randomly. Both local light and soil conditions were similar among the plots
before establishing vegetation. After three years of this experiment, they harvested aboveground
vegetation to measure aboveground biomass in each plot. The figure shows the relationship between
species richness (number of species) and the dry weight of aboveground biomass (kg m) of plant
communities in each plot. The line indicates the linear relationship obtained from the least square
regression.

TREVYENEEENISERENEYENEE HREYSEUERERANFRERREERW
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Species richness

Indicate whether each of the following statements is true or false.
B TS RUL S IEFESSHER -

A. Niche difference among species is one reason for producing a positive association between
species richness and aboveground biomass.

MEBMERBUNERRERYEBEEEENM TEYS2 FAHABNERRZ— -
B. The plot showing the largest aboveground biomass also has the highest species richness.
ERETHM FEMERARE  HYEESETES
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C. On average, increasing aboveground biomass of 0.1 kg m2 in a plot requires an additional eight
species.

FI9RER - —EBRED - th FEMESIEN 0.1 kg m? - ZI1E/0 8 E)7E -
D. The greater chance of including more productive species in species-rich plots is one reason for
producing the positive association between species richness and aboveground biomass.

ERYEEEEEM TEYEZBELEIEHENREY —  EYEHEVZNEREPAHARK
LRI TRELEENNYRE -
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