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Make sure that you are using the correct answer sheets (Theoretical exam 2-1 and 2-2).
FohEE & Z A 2 ¥ M (Theoretical exam 2-1 ] 2-2) -

Write your Country code and student ID number (provided by a jury member or
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web browser.
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Biochemistry
EWER

Q1

Glycogen (and amylopectin) is a glucose polymer with some branching. Linear chains of these
polymers consist of a(1—4) linkages and occasional branching is formed by a(1—6) linkage (Figure
1). For degradation in cells, glucose residues are released one-by-one from the end of the chains by
phosphorylase up to the residue at the branching site. Then, the a(1—6) branching site is removed
by a debranching enzyme.

FEE (B2t SEA—LCXENEERESY - ELEBRSYNEEEIDH a(1—-4) REBRK -
MUKRBHEA—LH a(1-6) RAELNZE (Figure 1) - EEEAMIN PR - B8RS FERBE
BRI E ML EARIEE — B LR - ERIDSE - R - a(1-6) BEMN I XEW—BENXBRR
B -

» direction of breakdown fZ/1E]

I33Z
* branching a(1—6)

\/U/ 5%
B o branching o(1—6)
linear a(1—4) O
L

0 0'0'e%e

Figure 1 Breakdown of glycogen in cells.
1. AHRE 2 NT R 0 %

Q1-1 Given that a certain glycogen consisting of 10000 glucose residues is branched at every 10
residues, how many terminal chains are available for phosphorylase? (1 point)

IRBE—MH 10000 BFES FERNITE - BS 10 @882 FEEE— B9 - BV ERIRHE
oJ {HiEREs(ER ?
(1) about 10 (2) about 50 (3) about 100 (4) about 500 (5) about 1000 (6) about 5000

Q1-2 For degradation of this glycogen by excess phosphorylase or by excess debranching enzyme,
choose an appropriate graph for its breakdown from below. Assume that the phosphorylase
releases all glucose residues from a linear chain without branching. (1 point each)

MRABZNHERESAZHN DT RREFEITE B TIEPZEL—ESENSREK - K
RBEBBE—ESZNEESE LM BERES FEENTK -
phosphorylase % &2 Hs: debranching enzyme =9 X B %:



(1)

(2) 3)
(4) l\ )

Q1-3 Plant amylopectin is similar to glycogen but branching occurs much less frequently. Given that
the branching of an amylopectin of similar size of glycogen is formed at every 25 residues, indicate
the combination of correct descriptions about degradation of amylopectin by phosphorylase.

(1 point)
BRI SERY (amylopectin) BEFFEIRIEN - BEESZAIEERITH - E—EEFEA/VELL

Nt - BE 25 EEEHEs FEEE—Eo> - EUGAEEEE DRI - 55180 NI RURIETE
NS -

BERREUNE
=]
in

Amount of glucose
polymer

[=]

Time

(a) Breakdown speed is slower than that of glycogen.
PR AR RLOAT RIS

(b) Breakdown speed is similar to that of glycogen.
e e 2R R EAL T AR AR 10

(c) Breakdown speed is faster than that of glycogen.
B AR IR R EEFT R IR

(d) Final breakdown extent is smaller than that of glycogen.
B PR E /R TR

(e) Final breakdown extent is similar to that of glycogen.
By 42 IR ARROTE [ EA T AEAR

(f) Final breakdown extent is larger than that of glycogen.
=G N S NN

(a), (d) (2) (a), (e)
(b), (d) (5) (b), (e)
(), (d) (8) (c). (e)

ENATNEN

(1)
(4)
(7)



Biochemistry
EWER

Q2

Hydrolases that degrade biopolymers can be categorized into two types: (1) endo-type that
hydrolyzes the interior bonds of the polymer, and (2) exo-type that releases the end unit from the
polymer. These exo-type and endo-type hydrolases are often linked to their biological roles.

FEREBEYBR SR KRR AT . (1) BEERSYARMRBEETKEBNAIIE - DIk (2) #&
BREYRIGEETKEBIIMIE - BLEMIBELARNT BN KEREEBHOERETHEEYAE -

Choose (1), if the enzyme mentioned below (A-D) is endo-type, and choose (2) if it is an exo-
type. (1 point each)

MRTIZEER (A-D) BATIE . FFE (1) - MRBIMIE . FFE (2) -

A. Digestive proteases in stomach such as pepsin
BSPHEEMERE - AlUNSEREE
B. Proteases that cleave off the translocation signal peptide [ 6 |
RS AR EMRLHY (translocation signal peptide) EH s
C. Proofreading nuclease in the DNA polymerase that removes misincorporated nucleotides during

DNA replication.

X DNA EE - BEARRER A ZZEBRWKREZMES (proofreading nuclease)
D. Cas9 nuclease of the CRISPR-Cas9 system for genome editing.

oI #ETERFE4REE 2 CRISPR-Cas9 ##i1 A Cas9 %5



Biochemistry

EMEER

Q3

Alcohol dehydrogenase is known to convert ethanol to acetaldehyde, which is eventually metabolized
to CO2 and H2O in humans and many other organisms. The enzyme also catalyzes the conversion of
methanol to poisonous formaldehyde, but with less efficiency. This normally means that ethanol is the
physiological substrate for the enzyme. However, we may regard that ethanol is an efficient
competitive inhibitor for the enzyme against the reaction with methanol under certain conditions. For
example, intake of ethanol may prevent the conversion of methanol, when a small amount of methanol
is taken up erroneously. Here, you can calculate the concentration of ethanol which suppresses
90% of the initial formaldehyde production in a test tube containing 5 mM methanol and alcohol
dehydrogenase, based on the equations and assumption of kinetic constants of methanol and ethanol
that are 10 mM and 1 mM, respectively.

EEESBOBEEEROE  RABEASHEHMEY S  RASHH WS CO2 8 H0 - IR
ETECIFR - BFREREEREESMNFRE  BE(EYERRE - EIEEER N JEEAE/IESR
RAEEMSE - AMERELEERT - RAECIURUSEZFE MG MHIHIE R E TR - Al
SRBRVEFER  IBALEKYIEFENEL - IWE - K—37A8 5mM FEEEBESENHE
th . RO[GTEZEERIRE - FEEBEHIEI 90% R FEzE (L - BAA NIAREN - R PEZE L EZRNE
NEEE (kinetic constants) 75 10 mM & 1 mM ©

Ethanol concentration | 9 || 10 |.| 11 | mM (3 points if 3 digits are correct)
ZERE| 9 [ 10 |.[ 11 |mM (R 3EHFZLEETE I D)

The initial velocity (vo) of methanol conversion can be obtained using equation 1.
oJAHEARER 1 GEIPEREEHNTEE (v)
a is defined by equation 2. a &EMRFE 2 REE

[S]: the methanol concentration BPEZEE  Ku: kinetic constant for methanol EFESHIEN I E £

[1]: the ethanol concentration 2 EE K: the kinetic constant for ethanol ZEERE) HEEEH
Fm.n I 5 [ . I I ] .
oK, + [S] equation 1 o (] g T) equation 2
Vi
no ethanol
5
)
S v,
° 2 5 mM ethanol
S
E
0 10 20 30 40 50

Methanol ([S])
Figure 1 Methanol conversion with or without ethanol & 1. EB &2 FHWEFERE(LIBER



Cell Biology (4l 41E8)

Q4

Here is a mixture containing viruses, globular proteins, and cell nuclei, which are all assumed to have
similar densities of approximately 1.3 g/mL. We would like to separate them by using three different
centrifugation methods as shown in Figure 1. The first method entails centrifugation of the mixture
(Mix) after placing it on the top of a medium (Med) that has a uniform density (Exp. A). The second
method (Exp. B) entails centrifugation of the mixture using a medium that has a density gradient
ranging from 1.0 to 1.6 g/mL (from the top to the bottom). The final method entails the use of a
centrifuge tube with the same density gradient as that in Exp. B, but the mixture is placed at the
bottom of the tube (Exp. C). g indicates the direction of centrifugal forces given to the specimens.

—E=2A%E - KEQ - A4RZRESR - URR=FNEBEEALMEE - &% 1.3g/mL - IREFKM
MRER =280 AR DB EM - 10 Figure 1 FIVR » S5—1&730% (Exp. A) ZRILESRNE—ES
SIREER (Med) £ REILIBEL - 5_5&750% (Exp. B) 2EH—E#HETH 1.0 £ 1.6 g/mL (F
FiN) RIBERACETRID © HRE—EE (Exp. C) EHE Exp. B HEREER OVEER - B
EARMEEROENER - REMLBED - g OREINRERRBODTEE -

Exp. A Exp. B Exp. C
Ty
|

Mix Mix >
Med Med Med
g

Figure 1

In Exp. A, how are viruses, globular proteins, and nuclei supposed to sediment? Choose the most
appropriate diagram from (1) 1, (2) IlI, (3) lll, (4) IV in Figure 2 that shows the sedimentation time

courses of specimens. 12 (1 point)
R Exp. A, w5 BEB - URARZSIEIINR ? 51 Figure 2 89 (1)1, (2) 11, (3) Il (4) IV &L

RAENEAIIRRRESR - (1 7)

Additionally, choose appropriate lines from (1) a, (2) b, or (3) ¢ in the selected diagram that indicate
the time courses of sedimentation of viruses 13 |, globular proteins, 14 | and nuclei 1 ,
respectively. (1 point if 3 correct answers)

BIMEUHFTERMNEEEPETEE (1) a, (2) b, 5% (3) ¢ ARIKMERES [ 13 | *EA,
LURARRRAZ [ 15 JR0TUR - (R 3 EERMIRE 19)

In Exp. B, how are viruses, globular proteins, and nuclei supposed to sediment? Choose the most
appropriate diagram from (1) I, (2) I, (3) lll, (4) IV in Figure 2 that shows the sedimentation time
courses of the specimens. 16 (1 point)




R Exp. B 5% - BREA - DURAMZEMEDINR ? B Figure 289 (11, (2) I, (3) NI, (4) IV i
HERGENERILBRRHEE - (1 2)

Additionally, choose appropriate lines from (1) a, (2) b, or (3) ¢ in the selected diagram that show the
time courses of sedimentation of viruses 17 |, globular proteins, 18 | and nuclei 1 ,
respectively. (1 point if 3 correct answers)

SN - BEUFTERARBEZEDEREIE (1) a, (2)b, 5 (3) c HAIEERS [ 17 | HEA,
PURARAZ [ 19 HII0ER - (R 3 EXREIERES 1 9)

In Exp. C, how are viruses, globular proteins, and nuclei supposed to float? Choose the most
appropriate diagram from (1) V, (2) VI, (3) VII, (4) VIll in Figure 3 that shows the floating time courses

of specimens. 20 (1 point)
K Exp. C, %% ~ K&ER - DIRARZENENEZE ? 1 Figure 3 BY (1) V, (2) VI, (3) VI, (4) VIl

PEISRSENTIHER - (1 7)

Additionally, choose appropriate lines from (1) a, (2) b, or (3) ¢ in the selected diagram that show the

time courses of floating of viruses 21 , globular proteins 22 and nuclei 2 !

respectively. (1 point if 3 correct answers)
o ERPMERWBREEPEEAIE (1) a, 2)b, 3 (3)c NRIEERS [ 21 | KEHS,
MR ARz [ 23 HEE - (MR 3 EEHRHMIERS 1 9)

EEOEPNERUE
Relative position in
the centrifuge tube

EROETREEMNIE
Relative position in
the centrifuge tube

Time Time

Fig. 3



Cell Biology
ke Y/l

Q5

Cytoplasm is generally occupied by very high concentrations of biomolecules and condensed
organelles. This property is called "molecular crowding", which affects the rate of intra-cytoplasmic
diffusion and enzymatic reactions. Mammalian red blood cells (RBCs, Figure 1) are a typical case
that demonstrate molecular crowding.

MREREETSR (SRENEY D FERENRS - ERRREA 7 FHIE  IREARERRICE
IR R IE - IMFLIRATMIKARAE (RBCs, Figure 1) E— BRI A F - DI FRER D F IR
% .

Hemoglobin —

Cell membrane

Figure 1 Schematic drawing of red blood cells (RBCs). ¢, Hemoglobin molecules assumed in a RBC
cross section (b).

B 1 A Mm3k40e (RBCs) mEE - RN RBC &=UIHE (b)RIMAIER D F(c)

The concentration of hemoglobin molecules (molecular mass, 64,000 g/mol) inside RBCs is called
"mean corpuscular hemoglobin concentration (MCHC)". It is as high as about 320 mg/mL in humans.
From this concentration, we can estimate the mean cytoplasmic volume in a RBC occupied by a
single molecule of hemoglobin. If hemoglobin molecule has a density as usual protein molecules of
about 1.35 g/mL, we can also estimate how large is the molecular volume of hemoglobin. Using these
values, the hemoglobin molecules are estimated to occupy about % of the total cytoplasmic
volume in RBCs.

RBCs A&7 F (77 F &£, 64,000 g/mol) RURE R FIO4MKMARRE (MCHC)” RALE:
ICECISEAL 320 mg/mL - (EEERE - Mol het R E— A= 7 FFr om Z ALMEKRY 19 4 AE
BER - - NMRMARSFOBREE-REQENEEMM - &85 1.35 g/mL - BTG HMAIR
DFEBEIA/N - AFELRE - EETMARD Fo/1h5E RBCs X4 % BIMIARERSE -

Q5-1 Choose the closest number to enterin [ 24 | Use the Avogadro constant, 6.02x10% for
the calculation if needed. (3 point)

BHBRINBFEA - MIRANE - T FEFAR GNP Y 6.02x102 FREE - (39)
(1)3 (2)6 (3) 12 (4) 24 (5) 48

10



Q5-2 How does this hemoglobin concentration affect the rate of diffusion in the actual RBCs?
Scientists succeeded in measuring the diffusion rate of hydrogen ions. They first put RBCs in saline
with different osmolarity and examined how the cell volume changed (Figure. 2a), and then measured
the diffusion rate of hydrogen ions (Figure. 2b). Diffusion rates were also examined for red blood cells
from different species (human, chicken, alpaca; 320, 305, and 450 mg/mL of MCHC, respectively) as
shown in Figure. 3.

RERAI RBCs - EREMAIRRENUTEREECRE ? RERFISKRHE L SR FrOEAUERR-
= 55#% RBCs MEBRIARZZEERNREKD - BIRMIBIETERVE(L (Figure. 2a) - AR ESEHE
FHIERGERZE (Figure. 2b) - RETE (AFR - % - =8 - H MCHC 7514 320, 305, and 450 mg/mL)
AALMEK - WA EEIBBUEER - W Figure. 3 F7R °

= T I-lr_:
; .“._‘ -e-gj" w
O = 13 @ E s @
= O & 3 )
yy @ g = A
USSR TS s 40 -
2z — & .t
® [= » ¥ 8 M8 an
@ L N
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g 3 = B a0 ‘i
o5 . BB
@ — 90 * o 2oy
= I @
xr @ + 3
Qs T E g
15( 2 250 op 8 150 200 250 300
BEE [mOsm/L] BB [mOsm/L]

Figure 2 Examination of the relationship between (a) the cell volume of RBC (fL = 1x10 -'°L) and
(b) the measured diffusion rate of hydrogen ions [um?/s] versus osmolarity [mOsm/L] of saline
solutions. 300 mOsm/L corresponds to the osmosis of the body fluid in a healthy human.

tRl —ERHEER% (a) RBC RUAIMESTE (fL = 1x10 °L) £ (b) BRI R E/K RSB FIRAURR
[um?/s] FIAREFERIZBEE [mOsm/L] © 300 mOsm/L HER—EREABERRNLERE -

&0

Hoflow")
. IIl
-'K. .i;f'uffcrw")

) 5 Hrr
20 oh LB pa

L

H* BOIERUEZR] um?/s]
Diffusion rate of H* [pm?/s]

200 300 400 a00
MCHC [mg/mL]
Figure 3 Diffusion rate of intracellular hydrogen ions measured using RBCs from different animal
species. Hu, Ch, and Al represent humans, chickens, and alpacas from which RBCs were derived.

Hu (low*) and Hu (low**) indicate the results obtained at 155 and 225 mOsm/L (* and ** in Figure. 2),
respectively.

HrARYEA MK EEWARASEE FIEEERE - Hu, Ch,a IR Al DRIICERAEE « % - DIRFECFTEY
589 RBCs « Hu (low*) #1 Hu (low**) 7 B3R 155 A 225 mOsm/L (Figure. 2 HRY * F1 **), B
L
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Indicate whether each of the following statements is true (1) or false (2). (1 point each)

BETHZRILBIERE (1) HER (2) - (BE1D)
A. Alpaca RBCs, which have a hemoglobin concentration about 1.5 times higher than that of
humans, have an internal ion diffusion rate of less than 50% of that of human RBCs.

F52 RBCs WIMARREARNLLAES 1.5 & - HARAE FBECEERIEALR RBCs 18 50% °

B. lon diffusion rate is low inside human RBCs at low osmolarity, due to the reduced volume of RBCs.
RIR2EEER - A8 RBCs WWEEFIEAURRRIE - EZHR RBCs WASTEREMNEZ -
C. There is a proportional relationship between the concentration of hemoglobin and the rate of ion

diffusion in RBCs.
RBCs MMAL 8 BB F ERUE R 2IRL AR -

D. Alpaca RBCs have been evolutionally optimized to increase hemoglobin concentration and
transport large amounts of oxygen, while promoting Oz and CO; diffusion.

Fhc RBCs &AEELCEMBLEMEMNMDAREREMIEZAENESR - EMEE O, 22 CO K

JREL -

12



Cell Biology
AR EYER

Q6

Animal cells generally have three types of cytoskeletons: (1) microtubules, (2) actin filaments, and (3)
intermediate filaments. Figure 1 shows the morphology of a cytoskeleton during the mitotic
metaphase or in interphase. For each statement below A-E, indicate the corresponding type of

cytoskeleton from (1) to (3) in the first box (e.g. 29), and the schematic diagram from @ to ®
in Figure 1 in the second box (e.g. 30) (1 point if 2 correct answers)

BMAREEE=TEMIEER (1) ME - (2) IEBEBMEE - LUK (3) B4 - Figure 1 B/R—{E
MIEBRER# D R PHS BB - $HH 5 A-E WEBRERGL - FRE—EER (AU 29)
et (1) 2 (3) MY ERAMRESIREE - DIRKRAEZR 2 (BI40 30) 15 Figure 1 RE@ % ®RIR
SE - (MR 2 EEREIEE - 51 7)

® ®
Figure 1
Statements Type of cytoskeleton | Schematic diagram
Rt MRS ER R ~EE
A
B
C
D
E
13



. They are entangled inside interphase cells and exist in a meshwork. They enhance the elasticity

of cells and provide a mechanically supportive structure. | 29 || 30 |
CEREAEANLUEE T R —EREREERE - B o CAMRAYE IR — AR
SigEE- | 29 |[ 30 |

. Itis called a stress fiber. It builds a support beam inside cells and works to maintain the shape of
the cell ininterphase. | 31 || 32 |

TS B 14 4 (stress fiber) - B AN AR I e —1E Sz B AR 4R B E AR A ZAR -

. This spindle-shaped structure is formed during cell division. It plays a role in separating replicated
chromosomes accurately into daughtercells. | 33 || 34 |
EEAEENEBERARSHGES - EERERNRERNMUD R EEIEA FARSIEE
ZMEe . [ 33 | 34 ]

. After chromosomal segregation, it forms a ring structure and mechanically separates two daughter
cells| 35 || 36

SpEEABYE TR EBREBT LU SIS BR BT -B5 |
. Having radial distributions starting near the nucleus, the fibrous structure is assumed to have
structural polarity or directionality. | 37 || 38 |

REAARZRE2EBIMRAT - HEEBERIREREEENEEgAEME - | 37 |[ 38 ]

14



Cell Biology
AR EYER

Q7

GLUTA1, a protein present in the membrane of red blood cells, is a transporter that transports
glucose into cells. The relationship between the extracellular glucose concentration (S) and the
rate of glucose uptake (V) into red blood cells is shown in Figure 1. This relationship between V
and S can be described by the following equation (1)

GLUT12—EFERAMKARE THNERE - 2—RUSEEREXZARANERES - AR
BEERE (S BAMIKMRBEEERNRE (V) - _EWNEBBEFEN Figure1 -V B S
MAEBMTEARER (1) KRR -

V

v = Jmax  (q)
M

1+
3.0
2.5
2.0

15

1.0

V [nmol/min/cell]

0.5

0.0
0 2 4 6 8 10 12 14 16

S, glucose concentration [mM]

Figure 1 Relationship between S (extracellular glucose
concentration, mM) and 1V (the rate of glucose uptake into red blood
cells).

E1. S (dfRSbEERRE, mM) 2 Vv (AMIKAREASERIOERSR
the) RIMEEAME

Q7-1 Estimate the approximate integer values for V,,,, and K, in this equation from the
curve shown in Figure 1. (1 point each)

&t Figure 1 FAITRARBHXPZ V,por M Ky BKRHNEEE - (BE1D)

Vnax: M1 @2 @3 @H4 (G5 (©)6 ()7 (8)8 (9)9
Ky: M1 @2 @3 H4 (B)s5 ()6 (17 (B8 (99

GLUT2 is a glucose transport protein expressed in hepatocytes in an insulin-independent manner,
and V., and K, are 2 nmol/min/cell and 9 mM, respectively. GLUT4 is another transporter
expressed in muscles or hepatocytes functioning in an insulin-dependent manner, and V,,,, and
Ky are 0.85 nmol/min/cell and 0.8 mM, respectively.

GLUT2 2—EFMAMRIEEEZMFEE (insulin-independent) WEIERBEZER - H V0 M Ky
2 A% 2 nmol/min/cell & 9mM - 1 GLUT4 RIE5 —ERIZNRIALETAE -EEZMKGEE

15



(insulin-dependent) EZXEHR  H Vo M Ky 75804 0.85 nmol/min/cell £2 0.8 mM -

Q7-2 Indicate whether each of the following statements is true (1) or false (2). (1 point each)

BHTHBRINBIERE (1) iER (2) (BE19)

A. Healthy humans that typically has 4 to 6 mM of blood glucose. The rate of glucose transport per
molecule by GLUT2 is considered to be approximately equal to that by GLUT4.

BEANBMRTPHEERZEBENR 4 £ 6 MM - GLUT2 BE—2 FEEREIERWR A

28 GLUT4 AKHEER -
B. Although the transport rate of glucose by GLUT1 and GLUT4 is almost saturated in healthy
humans, GLUT2 has an additional capacity to increase the transportation rate.

AR BERAIAZRT - GLUT1 #1 GLUT4 BZXFEHERVERCSAL TR - B GLUT2 EBA
BRIMEBEARIBNNIE IR -

16



Cell Biology
AR EYER

Q8

Carbon assimilation in photosynthesis begins when Ribulose-bisphosphate carboxylase/oxygenase
(Rubisco) binds one molecule of CO; to Ribulose 1,5-bisphosphate to form two molecules of 3-
phosphoglycerate. Rubisco is considered to be one of the most important enzymes on the planet due
to its ability to produce organic carbon compounds that support almost all organisms.

E2AEL A (EE (Rubisco) #—7FR) CO, AERILEINE-1,5-E0fE L MELE_ 7D FHY 3-
RS EDMEERS - XS FRZIXEEEFAERR T - Rubisco R AEENSREENHBEY— ERBAE
EEARKRERGETANEYER -

O can bind to the active site of Rubisco instead of CO,, in which case one molecule of 3-
phosphoglycerate and one molecule of 3-phosphoglycorate are formed. Thus, CO, and O; function
as antagonists. The following values show the enzymatic properties of Rubisco of a seed plant and
the environmental condition in vivo.

= O # 5% Rubisco REMAI (active site) MIE CO. I - ERUES—7FH 3-BilAEHEE (3-
phosphoglycerate) 1—7> 8 3-phosphoglycorate - it CO, 1 O, WIEAZERIENE - FIE
BEIRVER (invivo) BRI - —EfEF1E4Y Rubisco 2B R HERIRIRIEAN -

(a) Kinetic characteristics of Rubisco (substrate concentration at 50% of saturation at 25 ° C)
(a) Rubisco MIEINEHME (25°C - ERE 50% EEH)

Kwm [X]: the affinity of the enzyme for substrate X.
Ku [X]: BREHZE X BN
Km[CO2] =9 uM, Kwu [O2] =535 uM, Kwm [RuBP] =28 pM

(b) Maximum activity (number of repetitions of enzyme reaction per second)
(b) ASEM (Maximum activity) (BERESMWHNEERE)

kcat [X]: the maximum reaction rate when the enzyme catalyzes the reaction of substrate X.
kcat [X]: EREREILRE X BZEARBERR
kcat [CO2] =3.3/s, kcat[O]=24/s

(c) Concentration in water in equilibrium with air (assuming 0.035% CO2 and 21% O2) at25° C
CO2=11uM, O2=253 yM
RuBP concentration in chloroplast stroma is 4 to 10 mM.

(c) R25° CH - AZEFIFEIHEKTHRE (5% 0.035% CO, - BIK 21% 0,)
COz=11uM, O,=253 uM
EHEEE D RuBP WEES 4-10 mM.

Which properties from (a) to (c) above are necessary to explain the following facts from A to
D? Choose the most suitable set from the following ones:

Lttt (a) £ (c) AIEFZHEUERREETS AZED REFALEN ? FRHTIASPENESE
A—A:

17



(1) (@) (b)(c). (2)(a)(b), ()(a)(c), @A D)) (G)(@) (©6)b), (7)(c) (1 point

each)

A. The carboxylase activity of Rubisco increases as the oxygen concentration in the air decreases.
ExERPEREE TEE - Rubisco 2§ (carboxylase) SEM M -

B. In the current global environment, the carboxylase activity of Rubisco is higher than the
oxygenase activity.
EERMEKIEET - Rubisco ZHEEHELLMNER (oxygenase) FIEMS

C. Plants must have large amounts of Rubisco to maintain the full capacity of photosynthesis.
EMNAEERBARER Rubisco RAERCEIFRARIMEERE

D. Increasing the concentration of CO; in the air increases the carboxylase activity of Rubisco.

BMNZERF CO2 RRE - oliB Rubisco Z ¥ Bt

18



Cell Biology
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All cells must constantly synthesize and degrade intracellular substances and structures, one of
processes is autophagy. In autophagy, the intracellular structure is non-specifically decomposed by
lysosomes and vacuoles. The first molecular analysis of autophagy, was carried out by Nobel Prize
winner, Dr. Ohsumi, by using yeast mutant, as follows.

PRAEAIRR L AN & REARRARANYERES Eh—EREFESER (autophagy): RENE:
MPBEARNBELIEE— M A AR RERE N - B—ERDFOMAMABERIA - 21
HZE1S=E Dr. Ohsumi - A HEEERERETL N ERF

1. His group cultured a yeast mutant under
nitrogen starvation.

R E XK & ELEE (nitrogen starvation)
TARE N IEE — AR SRR

2. After a certain period, many round
structures (autophagic bodies) (right figure
AB) appeared in the vacuoles (right figure V).

LB —RERE - B8 (BE V) PHIRFZE
TR (EIEE2) (AEPHY AB) -

3. When observed with an electron
microscope, ribosomes were found in the
autophagic body.

SUETFBMIREEN - BREPo/3RER
ZHERS

4. Mutants of this process were isolated and
many genes that work in the autophagy system were found out.

RUEFPOBEAZREK  TRIRFZHEERARNER -

Q9-1 What kind of gene had a mutation in this experiment? (1 point)
EHERPOERRFERE? (1 93)

(1) BiBEEE (Phosphatase)

(2) =R (Protease)

(3) ##EZ=EE (Cellulase)

(4) DNA 55 (DNA polymerase)

Q9-2 What was the organelle found in the autophagic body ? (1 point)
EEEIE AT EIRMInEE A2 (1 9)

(1) ZE4EEE (Chloroplast)

(2) MIAREE (Mitochondrion)

(3) EBEFE (Melanosome)

(4) #RAmEE (Cell wall)
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The growth patterns of plant cells assume the following types.

A. Diffuse growth: the whole cell more or less grows on entire facets of the cell.

B. Tip growth: only the tip of the cell grows.

C. Inclusive growth: combination of A and B.

When diffuse growth occurs in plant cells, the cell wall must be loosened, and the growth direction is
affected by the orientation of the cellulose microfibrils constituting the cell wall. In cells undergoing
diffuse growth, a cellulose synthase complex synthesizes cellulose microfibrils while moving on the
cell membrane along the orientation of cortical microtubules inside the cell membrane.

FREEDARNERSNE N34

24K (Diffuse growth): EEAAMEZE/ o REAERER -

BT ER (Tip growth): REMENIEKROIMUEER -

BERER (Inclusive growth): & AEB “fEA

SEyARZRERmEXNERR  ARENWESRE EERASOEXIMMEDPEHE R4 (cellulose
microfibrils) ZHFAISEMFE - [FEETRENERNAR  —EHEReRBESREE aZAN
BEEEEEME 2K O MBEIRS S =M -

>

O w

Q10-1 Select a combination of the following (1) to (6) that correctly matches the types of
growth (A to C ) and the types of plant cells. (1 point)

# (1) = (6) WAST  BH—EENIRVAIEEESS (A X C) UBEMAMNER .
a9 ] (1 »)

(1) A—Pollen tube, Root hair, B—Leaf epidermal cells, C—Root cortical cells

(1) A—TtinE, R3E, B—IE R &R AN, C—IRRZ /& 4R

(2) A—Pollen tube, Root hair, B—Root cortical cell, C—Leaf epidermal cell
(2) A—TtinE, RE, B—#R 57 [E& A e, C—ERFREAM

(3) A—Root cortical cells, B—Leaf epidermal cells, C—Pollen tube, Root hair
(3) A—1R K7 /& 4 ke, B—IE R &R A, C—1ttnE, |RE

(4) A—Root cortical cells, B—~Pollen tube, root hair, C—Leaf epidermal cells
(4) A—1R K7 JE 4 R, B—1tkE, R=E, C—ERFREAM

(5) A—Leaf epidermal cells, B—~Pollen tube, root hair, C—Root cortical cells

(5) A—E R R Z AN, B—1tkiE, R=E, C—IRRZ & 4R

(6) A—Leaf epidermal cells, B—Root cortical cells, C—~Pollen tube, Root hair
(6) A—ZE R &R Z AR, B—R 57 & Al e, C—1ttnE, |RE

Q10-2 The following schematic diagrams (1) to (4) show the orientation of cellulose microfibrils of the
cell wall (CW) and the orientation of cortical microtubules (MT) in Iant cells extending in the
longitudinal direction. Choose the most appropriate combination. (1 point)

NIREE (1) £ (4) BrbEY AL i - AmEdERME (CW) WA EURKEME
(MT) A1 - FEESAENEAS [ 50 | (1 9)
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A cultured cell of somatic cell A and a cultured cell of somatic cell B of an animal were prepared. A
culture dish containing an appropriate amount of cells was prepared, and the number of cells after a
certain period of time (at the start of the experiment) and the number of cells after 48 hours were
counted. The results are shown in Table 1.

RESMNEAR A 1 B ®oBETIEE - e FEEREAENEEIEE—REBE(IERER
ZIEBEER) - D RIGTEIHEIEE 48 /N\FENAREE - EROEK1 -

Table 1: Cell numbers of somatic cell A and somatic cell B. 5240 A A1 B FOARfR & B

Cell number ( x10°)

Time from start of
. 0 48
experiment ( hours )
somatic cell A 7.2 115.2
somatic cell B 9.7 77.6

Q11-1 How long are the cell cycles of somatic cell A and somatic cell B, respectively? Write the letter
of your answer in the space provided. (1 point each)

24l AR B ANRBEAD RIRZ A ? BERFE RS IPEAFMRBESEETD -
(1)3, (2) 4, (3) 6 (4)8, (510, (6)12, (7)16, (8)24, (9)32

somatic cell A: hours
somatic cell B: hours

Q11-2 When somatic cells A and B were mixed at a certain ratio and a culture was started in a culture
dish, the ratio of the cell numbers of A and B after 4 days was 2 : 1. What was the ratio of somatic cell
A and B cell numbers when the culture was started? Write the letter of your answer in the space
provided. (It is assumed that the cell cycle of the somatic cells A and B progresses independently.
The nutrients required by the cells during the cultivation are well-supplied.) (1 point)

ZAR AN B LIS EEMES - WER—IBEEFETHESE - WRZE - Hbh AF B RUAMREIRLE
%21 SlEWREERNVEAE AT B WARBBLEAT ? BERERD BIIEAMEHRESERD -

(FREeReAlme A 71 B AR BEA 2B\ ETR - IBEHRE - ARAENEEaREH)
(MHA:B=1:1 (2)A:B=2:3 (3)A:B=1:2
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Yeast can metabolize glucose using aerobic respiration and alcohol fermentation depending on
environmental conditions. Each reaction formula is as follows.

EEOBERIBEGMA BB EFRAEEEERHEERE - HREXW AR -
Aerobic respiration B &R
CeH1206 + 602 — 6CO2 + 6H20 (32 ATP production)

Alcohol fermentation ;15 55 i
CsH1206 — 2C5H50H + 2CO» (2 ATP production)

Yeast was cultured in a glucose solution under conditions A and B, and gas inflow and outflow from
the incubator were measured to obtain the results shown in the Table 1. Answer the following
questions (it is assumed that the same amount of glucose was completely metabolized under
conditions A and B).

AN BIFRGET  UEERAREEREE  UHRNERAMRLEERENREE - BRI
- BETNIBBE(RREA A BIRET - SENFERMS=AHIE) -

Table1
Conditions O, absorption T COzemissions
(mL) (mL)
A 0 20
B 30 40

Q12-1 How was glucose metabolized under condition A and condition B, respectively? (1
point each)

ARIE A M BIRGT - SEESWEIRB ?
(1) aerobic respiration only RiTEE K
(2) alcohol fermentation only R{TEEEE

(3) aerobic respiration and alcohol fermentation 75 &M IRF1E S 55 B2

Condition A: 54
Condition B: 55

Q12-2 Assuming that 100 equivalents of ATP were generated under condition A, how many
equivalents of ATP were generated under condition B? (1 point)

BRERTEABRET - EE 100 ESWATP - RITEBIEHET - *Ey"\E%E’\] ATP ?
(1)50 (2) 100 (3)300 (4)500 (5)750 (6)850 (7)1000 (8)1200 (9) 1400

23



Genetics
EEE

Q13

Lisa is the daughter of Carl with ABO blood-type B and Jane with AB type. Lisa's blood type is O.
Normally, there is no parent-child relationship between AB type and O type. Detailed examinations
revealed that Lisa is a rare Bombay O type (Figure 1).

M&% O EUY Lisa = ABO-B [ME! Carl & AB & Jane WX 5 - % AB MEK O MEWALZER
FR% - HFAIRFKEER Lisa 2% 78 Bombay O [MA(Figure 1)

The ABO blood-type is determined by the outermost antigen of sugar chains on the cell membrane of
red blood cells. The gene for this antigen is located on chromosome 9. Type A has A antigen, type B
has B antigen, type AB has both, and type O has neither.

Since the A and B antigens bind to the sugar of H antigen, the phenotype will be O regardless of the
genotype in the absence of the H antigen. A person who has a homozygous h allele with a defect in
the H antigen gene (H) on chromosome 19 cannot synthesize H antigen and expresses Bombay O-
type (Figure 2).

ABO MAFIAL MK ARMRE L BNERARIBEFRE - RELAFOBREMIES 0 RSB E AN
HEEEANR BMBEEEBNR ABHEEAF A KBmERER MmO BHERARARBRIER -
B A R B FUREE H AURMIEAS - FIMER H RRWA - H5REE O B - RREIRSE ABO
BERBL0O - —EEBEESF h FUEROERE - 2 19 BR8N H MRNSUERBRE

MEERIR H IR - #5RI8 Bombay-O MA(Figure 2) -

ABO
O [0 Blood type
AB A A B ane
(o)
G
B AB
[Carl] [Jane]
A
(0]
[Lisa]
Figure 1 B
AB
Red blood cell S : i
embrane c#giﬁr H antigen Figure 2

When Carl and Jane have another child, the chance of their child's blood type being B

is| 57 |[ 58 |.[ 59 |%. (3points)
& Carl & Jane B —/\iZH5 - HMEA B BpEA 57 [ 58 |.| 59 | % (3
points)
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One cycle of the PCR reaction doubles the number of DNA fragments. Further, each time one cycle
of the PCR reaction progresses, the primer pair, the substrate dNTP, and the DNA polymerase
molecule are required double amount, so the amount of these components limits the overall amount
of DNA that can be synthesized in PCR.

—R PCRRFEZfE DNA R EREYIEM 2 £ - &R PCR RIEBEBH - H5|F1 R EY INTP & DNA 2
SENFERKEEEMILN - WELMDNEZIRE PCR &5 DNA RIFRE -

The length of the DNA fragment to be amplified was 100 base pairs including the primers, and the
PCR reaction was started with the primer length of 20 bases. The four types of bases A, C, G,and T
are evenly distributed in the sequence to be amplified, and the amplification efficiency of PCR is 100%.
As the PCR reaction progresses, the reaction will not be completed due to running out of one of the
components in a certain cycle.

g A1B0E 100 EREH KA DNA R & - 57K 20 @& - NRERELIRERIIPRUARIGSE - H
PCR BB 100% -
= PCR RBETH - IAE—E&EmD AT - BIRBFRATAH -

Choose the correct No. of the reaction stop cycle and the limiting component. 3
points)

EIEHIFTER PCR RIEFLLIBEARI B KR HI K 73

Template DNA fragment : 4 copies

Primer : 1,000 sets

dNTPs (dATP, dTTP, dGTP, dCTP) : 48,000 molecules (12,000 molecules each)

DNA polymerase : 1,200 molecules

No. Cycles Limiting component
(1) 7 Primer pairs

(2) 7 dNTPs

(3) 7 DNA polymerase
(4) 8 Primer pairs

(5) 8 dNTPs

(6) 8 DNA polymerase
(7) 9 Primer pairs

(8) 9 dNTPs

9) 9 DNA polymerase
(0) Others
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Streptococcus mutans, which causes tooth decay, cannot utilize xylitol (CsH120s). Therefore, xylitol is
used as a sweetener to prevent tooth decay. Xylitol is produced by microbial conversion from xylose
contained in hemicellulose.

ZIE L T SEBKEIRY (Streptococcus mutans) AR FARERS - KIS AR HERZ 4 B ERA A RORHIRT - H
KRR ZHFHERMSARREEZSMEME(EMS -
The diploid yeast strain Candida tropicalis AT36 can grow with xylose as the sole carbon source

1(Figure 1). In this strain, the enzyme activities of XR, XDH, and XK are almost proportional to the
copy number of each gene.

L2 i S & (Candida tropicalis AT36)0] B ARIEEZE R EZ IR 1(Figure 1) ~EREEERN XR, XDH,
XK BEREFEHAZEERNEEEMEE -

H,OH
o

H
? OH
OH

?HO (“,H20H CH;OH
HC—OH HC—OH c=o0 c=0
HO—%H :> HO—+H :> Ho_+H :> HO—CH

HC—OH HC—OH HC—OH H|C—OH
2-
CH,OH CH,OH CH,OH CH,0PO3
Xylose C5H1005 Xylitol C5H1205 Xylulose : C5H1005  Xylulose-5-phosphate

XR: Xylose reductase(XYL1 gene)
XDH: Xylitol dehydrogenase(XYL2 gene)

XK: Xylulokinase
Figure 1

The AT36 strain was cultured by adding 40 g of xylose and 5 g of glucose as a carbon source in the
culture solution (1 L). As the result, about 25 g of xylitol was produced, as shown in the graph (A) in
Figure 2. Therefore, the following gene-disrupted strains were constructed and cultured in the same
manner in order to increase xylitol production.

AT36 AL 1 AT 40 g KiEle K 5 g BEMATENRIIEEEEE  SRUES 25 g KiEkE
4 Figure 2 BUEI(A)F7R - T - #§ MR RBIRRERELE - OAARSNIEE - FERERINARE

BHEE -
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@® Xylitol
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(g/L)
30

20

10

0 10 20 30 40 (hr)

©)  w0p—
(9/L)

30— \O\O‘O

20 —

10

(B. S, Ko et al 2006)

0 | |
0 10 20 30 40 (hr)

Figure 2
(Disruptant A) One of the XYL1 genes of the AT36 strain was disrupted.
(BEREBIRER A AT36 ERRY XYLT ERZ —iK iR
(Disruptant B) Both of the XYL1 genes of the AT36 strain were disrupted.
(BEREBIREK B)i AT36 EARAIMIE XYLT EEE R ERE
(Disruptant C) One of the XYL2 genes of the AT36 strain was disrupted.
(BEREBIRE C)iF AT36 EiRkRY XYL2 EAZ —iKiEie
(Disruptant D) Both of the XYL2 genes of the AT36 strain were disrupted.
(BERREW D)% AT36 EIRRIME XYL2 BERE K R

Based on the above information, select the number of the most appropriate combination of
the culture progress graph (Figure 2) and the disrupted strain. (2 points)

R EE - FFEDL Figure 2 PR BB FBEREEARRERE 2 &IGEH SRV

Graph A Graph B Graph C
(1) AT36 Disruptant A Disruptant D
(2) AT36 Disruptant A Disruptant C
(3) AT36 Disruptant B Disruptant D
(4) AT36 Disruptant C Disruptant D
(5) AT36 Disruptant D Disruptant C
(6) AT36 Disruptant C Disruptant B
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In order to teach the principles and techniques of DNA replication, professor A instructed graduate
students B and C to reproduce the classic experiment of replicating DNA in vitro by properly mixing
nucleic acids and proteins individually purified from E. coli cells.

Professor A was disappointed with the following results of the experiments of student B and C.

2 AR 7 HEBE DNA ERFIEREIM - thiEH5EE B & C EIRFEDT DNA ERIVEHEER - %
ANGREARPACENELRAZEIGERS - B2E B XK CHNIERERAS A ZIRHESKE -

Result of student B: Long single-stranded DNA fragments and short single-stranded DNA fragments
with attached RNA fragments were replicated, but complete double-stranded DNA was not replicated.

B4 B ERER 57 RNA R BIEER DNA RAZEMR DNA K BAES BRI EA DNA 5
RER -

R1: Student B failed to add polymerase I.
RE1: BEB S /MBS |

R2: Student B failed to add polymerase lll.
KIE2: 24 B = r RS

R3: Student B failed to add DNA ligase.
[ 3 : 24 B = 1 /Il DNA E s

Result of student C: Long single-stranded DNA fragments and many short single-stranded fragments
were replicated, but complete double-stranded DNA was not.

B+ CERGER . REK DNA REREFFZMHER DNA FERAER - B5cZER DNA RIRER -

R4: Student C failed to add polymerase I.
RIE4: BE CE MBS

R5: Student C failed to add polymerase lll.
RFES5 : 824 C = MBS

R6: Student C failed to add DNA ligase.
[F& 6 : B4 C = 7/ DNA E s

Choose the combination of the number that most likely caused the failures of students B and
C. (2 points)
R ROEEEREE B K C ERAMERNASIRNS

No. Student B Student C
(1) R1 R5
(2) R1 R6
(3) R2 R4
(4) R2 R6
(5) R3 R4
(6) R3 R5
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With the progress of genome research, the genomes of many organisms have been analyzed, and it
has been revealed that the genomes of organisms vary widely in size.

Faster-growing organisms with a simpler structure tend to have smaller genomes. Most mammalian
genomes range from 2.5 to 3.3 billion bases, and human genomes are about 3 billion bases.

BEERNEMRZER  FEZEYNERESHIN - BERBTEYBNEREXNEZERK -
REEREGERGENEYEEER/NERE SRHIENEREX/NERE 25FEI33EMER -
MABERELNS 30 B@HE -

Arrange the genomes of the organisms in the photo in descending order.
Choose the correct one by number. (2 points)

i N R PROEY) - IKEERBERAZE/NERFES -
ELIFRESZEHT

Genome size (large - small)
(1) A-B-C-D-E
(2) A-B-C-E-D
(3) A-C-B-D-E
(4) A-C-B-E-D
(5) A-B-E-D-C
(6) A-B-D-E-C
(7) A-B-E-C-D
(8) A-C-B-E-D

29



Genetics
EEE

Q18

In its life cycle, baker's yeast Saccharomyces cerevisiae has haploid and diploid generations. The
haploid has a-type and a-type mating types and grows independently. When a-type cells and a-type
cells meet, they undergo sexual conjugation and become diploid (a/a-type) cells. When the nitrogen
source is depleted, the diploid cells undergo meiosis and form four spores (two a-type cells and two
a-type cells) inside the cell.

Wt 1% B B2 & (Saccharomyces cerevisiae) N EEE T EBEEE N EERETER  BEREBIERN
af a MEREE - BtMEREMEIRL - SETAUESEEME R ERZE(a/a-type)dilE - &
REEZR - EERARETREDHUEMBANL A 4 BEF(2 @ a B K 2 Eadl) -

Wild type genes of yeast are written in capital letters and mutant genes are written in lower case. For
example, the genes encoding leucine biosynthetic enzymes are written as LEU1, LEUZ..., and the
corresponding mutant genes are written as leut, leu2.... Strains that do not have the LEU2 gene
cannot grow in a medium without leucine.

BERPARBFEERR  REBPUNSFERR - MAKK (leucine) £ & ABENMRISERS LEUT,
LEU2... HAEBREREERNT leut, leu2... & LEU2 ERNEREIZEASAREBHOEEEDER -

The haploid XY-1A strain (genotype: a, ura3, leu2) requires uracil and leucine for growth, and the XY-
2B strain (genotype: a, his3, leu1) requires histidine and leucine for growth.

BEZ3E XY-1A BR(ERE : a, ura3, leu2 )EAREIE(uracl) R AIEEE A BEER - M XY-2B B (EH
AU : a, his3, leu1 )FEB AL (histidine) k BB A BEER -

A diploid XY-3C strain (a/a, ura3/URAS3, leu2/LEU2, LEU1/leu1, HIS3/his3) was obtained by sexual
mating of the XY-1A strain and the XY-2B strain. Out of 160 spores obtained from the XY-3C strain,
approximately spores can grow on a medium containing uracil but not leucine/histidine.

— {288 XY-3C Etk(a/a, ura3/URA3, leu2/LEU2, LEU1/leut, HIS3/his3)TIER XY-1A Btk K XY-2B
EMRETAUERBIA - £/ XY-3C B%SE] 160 |aFd - A5 64 | BRFIEZREBIRELR
ZARRMARKIEEEPER

The genes of the mating type, the URA3, the LEUZ2, the LEU1, and the HIS3 are all present on different
chromosomes.

RERAMERE(URAS, LEU2, LEU1, & HIS3)EMITE REIREEE - -

Choose the appropriate number that is most likely. (2 points)
EHROGENESHF

No. (1) (2) 3) 4) (5) (6) (7) (8)
spores 10 20 25 40 50 80 120 150
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As part of the functional analysis of the april gene found in a diploid plant, a mutant strain was
discovered in which a DNA fragment (T-DNA) of 3 kb or more was inserted into one april gene. Since
this strain is considered heterozygous for the april gene, seeds were obtained by self-pollination.

LEZREYRY april EEZINAE N IS8 IR — R RER A — A 3 Kb S E ARY T-DNA F B3l AR april
BEED - HRIERERS april ERER G FEIE - SUBTEENHREES -

Figure 1 shows the gene map of the april gene and the T-DNA insertion site. The arrow in the figure
indicates the region in which the primers used for genotyping PCR were designed.

Figure 1 B&/R april AR EREE & T-DNA AU - BPsitAFTis e/ ALETERE S PCR
S| FFE -

The obtained seeds were grown, genomic DNA was extracted from three different plants (A, B, C),
and PCR was performed using the designed primers.

FREVSHREFEEEER - WH(A, B, C)=AREKRT - MEVEERE DNA - DIFTERETRYS | F#1T
PCR 72

The results of agarose gel electrophoresis shown in Figure 2 indicate that the genotype of the april
gene of each of A, B, and C was determined.

4=m Primer 3 H
| TDNA )| |
T
Non-coding region Non-coding region
I——
Primer 1 mmp 4mm  Primer 2
I I I
250 bp 250 bp B cxon
Figure 1 m— intron
(bp) (bp)
2000 | = 2000 |
1000 | 1000 |
500 e == -_— 500 | e
200 | m— 200 | w—m — -
marker A B C marker A B C
PCR products with primer 1 + primer 2 PCR products with primer 1 + primer 3
Figure 2
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FERAOFHBEZE X DA Figure 2 - BIFERSRIEL A B, C BEKZ april ERE -

Choose the correct homozygous, heterozygous, and wild-type combination for T-DNA

insertions in Strain A, B, and C. (2 points)
fix#8 T-DNA £ A, B, & C =#HEKIEAERL - BELERBEESF - BEES T URBHEZIFHEA

i
Strain A Strain B Strain C
(1) | homo hetero wild type
(2) | homo wild type | hetero
(3) | hetero homo wild type
(4) | hetero wild type | homo
(5) | wild type | homo hetero
(6) | wild type | hetero homo
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The plants discovered on a remote island have purple, reddish purple, red, blue, light blue, and white
flowers. Observations of this plant for several years revealed the following results.

ERESEPIBREREEY)  HERKRE 458 A6 E6 XEeKABTT - KZFHEFAT

HIFER -

a. This plant is capable of self-pollination and cross-pollination.
SEEYTITEEEN RELEN

b. There was no relationship between the flower color and the seed formation efficiency of this plant.
IEEYIE R BRRE AR E RS AR %

c. Self-pollination of white-flower individuals revealed that all F1 generation individuals had white
flowers. This strain was regarded as a white flower pure strain and was designated as a WW strain.

BATEERBEENRR - BHFA F1 FRERIHFEBIE - LRABEREEBAZBTEAERARWW) -
d. Self-pollination of blue-flower individuals revealed that all F1 generation individuals had blue
flowers. This strain was regarded as a blue flower pure strain and was designated as a BB strain.

ETCHEMBICENER - HFFE F1 FRIEREFET - ItmA2ERRDBEECAmA(BB) °
e. After the self-pollination of light blue flowers, blue, light blue, and white flowers appeared in the F1
generation.

RECEMREBTEENZE  EF FREARER - XEBKEABICHEEE -
f. After the self-pollination of red-flower individuals, red flower and white-flower individuals appeared
in the F1 generation.

ATEEMEETERNZE  HF1 FREBATEREIEREL -

g. After the self-pollination of purple flowers, purple and blue flowers appeared in the F1 generation.
ETEEMEBETEEN ZE - HF1 FRERKTTRECELRS -

h. After the self-pollination of reddish purple flower individuals, flower individuals of all colors
appeared in the F1 generation.

ARTCEREBETEENZE - EF FRAAELNIESETEHS -
i. When blue flowers and white flowers were crossed, light blue flowers appeared in the F1
generation.

RETCEMERTTERERE - HE F1 FRASFREETTHELE -
J- When a red-flower individual and a white-flower individual were crossed, red and white flower
individuals appeared in the F1 generation. Therefore, by repeating the self-pollination of red-flower

individuals, a red flower pure strain in which all red-flower individuals appeared was obtained. It
was named the RR strain.

ALICERERTEERMRZE - H F1 FR|BFELALIEABTENELR - BiSiltEEEHEERBRTEHE
& SR—EEMEENERERATHARRRR) -

k. When a BB strain and an RR strain were crossed, reddish purple-flower individuals all appeared
in the F1 generation. This strain was named the BR strain.

%5 BB m& 2 RR m&ufRE - HF1 FRERSRARETE - MEABRMA -

The probability that reddish-purple individuals appear in the F2 generation obtained by self-pollination
ofthe BRWW strainis | 66 || 67 |.| 68 | %.
Mark the appropriate numbers in the Answer boxes. (3 points)

BRWW m%uBEEME - HF2 7R - BAIKEetEER 66 || 67 |.| 68 |%
Note: In this question, descendants resulting from self-pollination are also indicated as “F1”.
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The genes related to flower color are not linked in this plant.

AR REFRBIEEN ZBNAEE F1 - ItEY 2Tt EREEH -
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Animal viruses are classified by the nucleic acid contained in the capsid. In addition to nucleic acid,
some viruses contain enzyme proteins, such as RNA polymerases, inside the virus particles.

YR BIRIBEIINR (capsid) T EBIZEEIEBR DR - BLERSBIARZERI - E2ABED - W
RNA 255 -

From the following animal viruses, select the most appropriate combination of those that must contain
an enzyme in the capsid for replication from the answer group, from (1) to (8). (2 points)

TERASASEEMFEEER -ELREE()6)P BEENRANEEERRBNFEETEE 2 RE
Z@s 69 |-

Type | Virus Nucleic acids

A Smallpox virus Double-stranded DNA

B B19 parvovirus Single-stranded DNA

C Rotavirus Double-stranded RNA

D Rhinovirus Single-stranded RNA (MRNA)

E Influenza virus Single-stranded RNA (temperate of mMRNA)

F HIV (retrovirus) Single-stranded RNA
Answer group

(1) A C (5) B, F

(2) B,C (6) CE

(3) B,D (7) D, E

(4) B,E (8) E,F
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In the 1980s, a plasmid vector called pBR322 was frequently used for DNA recombination
experiments. pBR322 is a 4361-base pair plasmid containing ampicillin resistance and tetracycline
resistant genes, and has the restriction enzyme sites shown in Figure 1.

£ 1980 F£1{ - pBR322 BieF IS E FANEH DNA Bt - HEH 4361 mEY - TASEHIERIIRE
EMHER - WHABN Figure 1 B PARAIREIBEIML -

EcoRl
Clal EcoRl  5’-G|AATTC-3’
Hindll
Clal 5’ -AT | CGAT-3’
. r_ -V
\ — Hindll 5’-A | AGCTT-3
: \ BamHI 5’ -G | GATCC-3’
Pstl f 2 mor > Bgn 5 -Alearcr-3’
tet’ \ psti  5’-CTGC | AG-3’
PBR322 \ Sal  5’-GlTCGAC-3’
(4361 bp) ‘ / Xhol ~ 5’-ClTCGAG-3’
ori
Restriction enzyme cleavage sites are
indicated by arrows
tet: tetracycline resistant gene
. amp’ : ampicillin resistant gene
Figure 1 P P g

ori : replication origin

In order to learn the technique for the gene recombination experiment, we planned the experiment
such that both the gene P (plasmid 1) and the gene Q (plasmid 2) are ligated with pBR322 using only
the restriction enzyme and the DNA ligase (Figure 2). The experimental procedure is as follows.

A 7VEBEREARI - RMFEET—EERS P ZECKEER 1)2 Q ZEEGKBEERE 2) - =X
pBR322 (Figure 2)#&#% - B2 R & ARG K iEEEs - BREFW M -

Step 1: Cleavage of plasmid 1 or plasmid 2 with appropriate restriction enzymes and electrophoresis
to obtain DNA fragments containing gene P or Q.

1 BR1N2ZERESRBIEEE - TUEXSREEZER P SER Q I DNA RE&

Step 2: Cleavage of pBR322 vector with appropriate restriction enzymes.

8% 2 ¢ % pBR322 HEELUEZ RFIESLIE -

Step 3: Ligation of the DNA fragment (containing gene P or Q) with the vector to obtain the first
recombinant plasmid.

LB 3 B2 ERE P sk Q8 DNA R ERIRSES DNA 8% - EES—EEHERE -

Step 4: Cleavage of the other plasmid with appropriate restriction enzymes to obtain a DNA fragment
containing the second gene (gene Q or P).

T4 B —EERMEERFIEEUE - UEFSE _BEER QL P)RIDNA K& -

Step 5: Cleavage of the first recombinant plasmid with appropriate restriction enzymes.

HE 5 BE—REABERLUESRFAIEEIIE -

Step 6: Ligation of the DNA fragment (containing gene Q or P) with the first recombinant plasmid.
HE 6 HZEE QS P H DNA RERBEE—(ESHERERE -
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Recombinant E. coli cells are selected by ampicillin resistant phenotype. The presence of two
replication origins in one plasmid results in very low stability and should be avoided. The restriction
enzyme reaction should proceed completely.

PSEMENMUMREGELEAXNGREAR EReEEMEERERINERE AERBEMIFREE -
PR B &I 2 R ETT5SRY °

. ori

Hindlll Pstl
Hindlll

Bglll

EcoRlI
Pstl

Plasmid 1

Hindlll

Pstl
> < \ EcoRI
BamHI Bglll
Clal EcoRl EeoRl Gl 79
Figure 2 ori : replication origin

The operations of Step 1 to Step 6 are indicated by A - I, X, and Y. From the procedures shown in
the table, select the number that indicates the appropriate procedure for producing the desired

recombinant plasmid. (3 points)
ERLER1-6 ZBIEMUAL X RYFR  #RBPAAZRNERF - EHEEBELEESHERNE
B BIER 295 -

A: Cleavage of plasmid 1 with EcoRI and BamHI to obtain a DNA fragment containing gene P.
F3 EcoRI & BamH1 tJEIE S 1 DUERHEE P EEM DNA R
B: Cleavage of plasmid 1 with EcoRI and Clal to obtain a DNA fragment containing gene P.
Fi EcoRI X Clal tEIE S 1 LUERSRTH A P EEA/ DNA RE
C: Cleavage of plasmid 2 with Clal and BamHI to obtain a DNA fragment containing gene Q.
Fi Clal % BamHI tJEIE#S 2 UERTHE Q EE DNA R &
D: Cleavage of plasmid 2 with Clal and Sall to obtain a DNA fragment containing gene Q.
Fi Clal ¥ Sall tJEI&#e 2 LUERHE Q EERK DNA R E
E: Cleavage of plasmid 2 with Clal and Xhol to obtain a DNA fragment containing gene Q.
Fi Clal X Xhol tEI&#E 2 LUERH A Q EERK DNA R E
F: Cleavage of pBR322 plasmid with EcoRI and Clal
FB EcoRlI & Clal )£ pBR322 & 52
G: Cleavage of pBR322 plasmid with EcoRI and BamHI
F3 EcoRI & BamHI t])Z] pBR322 & 5%
H: Cleavage of pBR322 plasmid with Clal and BamHI
A Clal 5 BamHI 1] pBR322 & 32
I: Cleavage of pBR322 plasmid with Clal and Sall
F Clal & Sall tJZl pBR322 &32
X: Ligation of the DNA fragment containing the gene P with the cleaved pBR322 plasmid.
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BB P EE/ DNA R ERET)E)3BH pBR322 Eig1HEE
Y: Ligation of the DNA fragment containing the gene Q with the cleaved pBR322 plasmid.
BB Q EEH DNA R EEATEBH pBR322 BEAztHER

Note: Both native pBR322 and the first recombinant plasmid obtained by Step 1 — 3 are described as
pBR322 plasmid.

EE: pBR322 RARERLKHID R 1-3 FRELERNFE—EEHEREEE S pBR322 His

Step1 | Step2 | Step 3 Step4 | StepS5 | Step 6
(1) |A G X C H Y
2 |C H Y A G X
3) | A G X D I Y
4) |D I Y A G X
(5) | B F X D I Y
(6) | D I Y B F X
(7) | B F X E I Y
(8) | E I Y B F X
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Q23

The oocytes in the human ovary is the most numerous in the 5-months-old fetus, in which the number
of the oocytes is approximately 7 million. The number of the oocytes then decreases rapidly, reaching
about 2 million at birth.

ANEREZEAERAR  IRRANBARIERS  HEEXNA 700 BF - BRINBARNBEZA
ZRD - HERFAKIR] 200 B -

7
&
4 -
g 3 '.* <B>
el
ﬁ 1 :) 1\\}._‘:'} Sl
=i J r
. .
ig 10 20 30 40 50
SrEtR HERNESR

<B>: birth. B4 <I>: menarche #)&  <II>: menopause F&

Q23-1 Indicate whether each of the following statements is True (1) or False (2). (1 point each)
The number of germ cells decreased by 70% at the birth because the oocytes die during the period
of meiosis II.

Q23-1 ~ IEHE TR ZIER(1) N 2HERQ) - (BE15)

FERIPEARERESZ I KT - HEREBEARNEERD T 70% -

Q23-2 Indicate the most suitable number to fill in the blank from the choices below. (1 point)
The number of oocytes that are ovulated during menstrual periods is less than of the germ

cells surviving at menarche.
(1)0.001% (2)0.01% (3)0.1% (4) 1%

Q23-2 B MNAGEERT - BEHESENEFIEBEAZRE )
ERERAENT - BB LRI BARAHE - DRYBREE ZEEARL °
(1)0.001% (2)0.01% (3)0.1% (4) 1%
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Q23-3 The risk of Down syndrome increases with the age of the mother. The ratio of babies with
Down syndrome born to a mother in her forties is 10 to 100 times higher than for a mother in her
twenties. Choose the most appropriate sentences below for the reason for this. (1
point)

(1) accumulation of mutation on oocyte DNA

(2) prolongation of chromosome synapsis in primary oocytes

(3) increase in improperly formed spindle in oocytes

(4) transformation of oocytes

Q23-3 ERENERBEERNFERMEND - N+-ZREHELERERZROLEAIR T2 REHRHN
10 £100 15 - FE N HELREERVEREN 2)

(1) UREI4HAE DNA RERIER

(2) IER 7 HIRONB AR R EIRHE

(3) NN v SR EHAR AR A IERERI AL SR BS 2 AL

(4) SREFAMARRVEETE
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Q24
Figure 1 represents the changes in aortal (Ao), left atrial (At), and left ventricular (Ve) pressures and

the left ventricular volume during a human cardiac cycle. During the cycles, the atrioventricular valve
opens when the atrial pressure is higher than ventricular pressure, and the aortic valve opens when
the ventricular pressure is higher than aortic pressure. Figure 2 shows the changes in ventricular
pressure and volume before (dotted line) and after (solid line) a ten-minute period of exercise.

Z=4

1 2R TABOHBHPEENK (Ao ) Z/0E (At) HIAELZE (Ve ) WEAURELZEBENE
£ - B  BO0EBNARLERAR EEWMEH,, E0EBNDARIHIRKENR - EEIRES
115 - B 2 R Y IREEE T iE 2RI (EAR)MEER(BR)LEBNMBBHEIE -

12017
1004 101
EIE

a0

JiELES
(mmHg)

A4

201

130+

a0

50-

DERE (mL)

RS 1E] 5 R
: 2

Q24-1 Indicate whether each of the following statement is true (1) or false (2). (1 point)
Elevation of heart rate did not change in duration between the point E and F in Figure 1.

Q24-1 /R N Z 1IEME(1)EEERR (2)RVBRAL - (1 9)
DERIEIIAE BB 1 R) E B0 F BB ERR -

Q24-2 Choose the corresponding period between point H - | in Figure 1 from (1) — (4) of the
pressure-volume relationship of the left ventricle (Figure 3). (1 point)

Q24-2 ELE 1 PFH- | ERERE 3 A1) (4 PEZEZOEBN-BIEREER - (19)

3 (2)

{Q —
I [0 @)




Q24-3 Indicate whether this statements is true (1) or false (2). (1 point)
After point | in Figure 1, blood flows into both atria and ventricles.

Q24-3 NAIRGABE TR IERE (1) EERR(2) - (1 7)
1P FZE - MRRALCENLE -

Q24-4 Choose the most appropriate pressure and volume relationship of left ventricle before
(dotted line) and after (solid line) the activation of sympathetic nervous system from (1)-

(6). (1 point)
Q24-4 (1) - (B)PEHBES ALHE LA ME XA (ESMREE(ER) - LORENMNS
BABEE - (15)

(1) (2) (3)
b L
(4) (5) (6)

oo 18
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The following figures illustrate the molecules in muscle fibers in two states: 1. Contraction, 2.
Relaxation. The mutation or insufficient function of those molecules are associated with abnormal
muscle functions. For example, a mutation in the Ca?* channel or Acetylcholine receptor (AChR) may
cause congenital myopathy.

NERE 7 WP 1. WHE 2. R EMERRE P F - BED FRORESINEEANE B AINESR
EAE - HlM - Ca2 BB HEIERZE (AChR)E’Jxm REEE BT RMNNRE -

Note that the choices of muscle abnormality are:
maim NAEEWERS .

1) Myopathy (muscle weakness)

1) FRmE: (MAREN)

2) Difficulties in arm extension

2) BERE

3) Tetany (involuntary contraction of muscle)

3) WISE(ALATEE EHEWAE)

4) Hypercontractility (contraction occurs quickly, but relaxation occurs slowly)
4) BEWHE (BEAIR Wm 1E| %Ehﬁ,ﬁir g)

f h E@J*‘? = EALSE S Legends |
Ca

I Ach |

| Y= . AdR |

| ——0 9 m
neEn  HlE5EH

/\f\/\f\/\/—\/\/—\

| e
R EH k=3 =F i . // |
| :U 0 - '
\ ot M Ca?* 3 /
) 1 = N [ 2. =i )
A B{EE AT PAS T,

du 00 {]D o

L m_ﬂ] [I]__., 0—
T PR

Indicate the above symptoms (1)-(4) that will occur in each type of muscle abnormality (A-D).
(1 point each)

SRLERTRY(1)-(4)E - AB(A-D) [IREERNNAESEM(E17) -
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Missense mutation in the Tropomyosin binding site of Actin that causes the muscle to be more
sensitive for intracellular Ca?* concentration.

NBEANFRIKELASURHBEERRE  ERAHARK Ca2 REEH -
Blocking the Ach release by Botulinum toxin treatment. [ 79 |
ABREEREIEZEET ACh K -

Nonsense mutation in Ca?* pump gene, which causes a deficiency in the removal of Ca?* from

cytosol.
Ca?RANERZERERE  BYUARETRBER Ca>*NINEERE
Low blood magnesium level, which results in frequent and uncontrolled depolarization.

MEFRERE  SBUEEBARERINEBE -
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Most mammalian bones are formed through a process called “endochondral ossification,” in which
the cartilages first form the template of skeletal elements and then are mostly replaced by mineralized
bones. Below is a schematic drawing of the endochondral ossification of the long bone of mice (upper),
and the long bone of the mouse with gain or loss of function in gene A or B (lower). Both gene A and
gene B are involved in skeletal development. Choose the correct interpretation of endochondral
ossification and the function of genes A and B from (1) — (9) in the table. (2 points)

ARZEBI BN B REEZBEA RBABLRBRMA AN - EPRB LI AE R TRIENR - K
BREDWRMEN BB - FNER/NEBRENREANBEZREE(LE)  UUREESNEKXI
AEERA A Sl B FRV/NERBHREANESIE(TE) - BER A MERA B 92 HE 7 BRAVEE - ERPRI(1)
—()FPELHRBAEE - LUKER A BRINEZIEEERE 27) -

FaER PPAR FAER
5 14 KAVRERG AR RS BF

0a
O #wYibEss

HX A HE A HE R Hx R
FUBTIEEIZR L KTNEEMZE  FHEThEEMIZE  REThEEE
AR RS AR A RS
rT= TS
| \
\ /
! 1
\ I
I I
mERE
mERER AL
o
[

I \

1 \
| \
\ |
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Choices Gene A Gene B
Cartilage- .
Cartilage bons Cartilage Cat:’:)l E\eg;e-
formation | replacement formation
HEWA | RAER | BEER | o
g ) g nEER
No_t Promote Required Promote
(1) required - - o
K= i = =
Required Promote Required Promote
@ 22 it 22 it
Required Promote Required Repress
) 22 it 2z 041
Required Promote Not required Promote
@ 22 it 2z it
Required Promote Not required Repress
®) 22 it AEE 041
Required Repress Required Promote
©) 22 ) 2z it
Required Repress Required Repress
" 22 ) 2z 041
Required Repress Not required Promote
®) 22 ) rEE it
Required Repress Not required Repress
®) 22 ) rEE 41
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The honeybee (Apis mellifera) communicates the distance of a food source to others by dancing. The
bee performs “round dances” when the feeder is within 50 m. If the feeder is over 50 m, they perform
“waggle dances.” The mean durations (milliseconds, ms) of waggle dances are plotted in Figure 1.
To determine how bees measure this distance, two types of wooden tunnels with a food source were
positioned outdoors (Figure 2; the cylinder in the tunnel shows the position of the feeder). The tunnel
is 6 m long, 11 cm wide, and 20 cm high. The top of the tunnel was covered with screen cloth, which
provided the direction of the sun, and the far end was closed. The walls and floor of the tunnel were
randomly patterned (black-and-white pattern of pixel size 1 cm by 1 cm) in experiments 1, 2, and 4,
and axially striped in experiment 3. The type of dance that the bees performed in each experiment is
shown in Figure 2. In experiments 2 and 4, the mean waggle durations were 529 ms and 441 ms,
respectively.

& (Apis mellifera)ZBFEREZERVIRAEHMESAEE - EREHE 50 m LAK - EESHE
2 - MRERBH[EB 50 m - HAIZHREREE - BREENTEFERB(EY - ms)ME 1 Fi7R -
HAENZEMCAEZIERE - RENEW FMIEGTERVENAERRE (B 2,; BETrERERR S
RREmNUE) BER6mM:  E11cm - 520 cm - BENIEEBSAERMN - BRmREA 7B
HmE - MEBRERNEIFEIER - £8ER 12 /4 - BERENMIREEBENER (BEXNS 1
cmx 1cm WERBEXR) - B 3 AIBBHMOARA - B 2 PR FSERTEENSERE - £8R 2
4 - FEEFNFIOFERBKFED RIS 529 ms 71441 ms

800

600

SB%fE (ms)
v

18
400

ERENE
200
I&

0 100 - 300 400
BB (m)

wiowarive \iiiy

Figure 1

47



Bz ZEIA =t Ses
1
2
3
2 35 m
4 — = - il L
/ 6
e "

Figure 2

* black-and-white random pattern of pixel size 1 cm by 1 cm

* BEREANE 1om k1 cm WRBBHE R
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Q27-1 How long is the duration of the waggle dance when the tunnel was extended to be two-times
longer in the opposite direction of the hive in experiment 2?7 Choose the most appropriate answer

from the following. (3 point)
Q27-1 BB 2 B ELEENERAOERMER REENEEREEEZA? BTHELRS
BHEE- (39)

(1)634ms (2)740ms (3)846ms (4) 952 ms

Q27-2 Choose the most appropriate answer from the following statements. (1 point)

Q27-2 B NAREPEHEEENER(1 1)

1. When the walls and floor are lined with vertically oriented strips in experiment 3, most bees will
perform the waggle dance.

HEER 3 BREMRE LEEARNKRT  AZSHEBERIHIZERESE -
2. Bees perform a waggle dance with the same duration for two different feeders. If bees fly to the
two feeders with a same speed, the durations from the hive to the feeders are same.

ZBREWMEARNERESS  IEESNEERERE - NRZBEDERERERODMERE:: - Al
WHERIRERNFERERE -

3. The duration of the waggle dance does not change if the bees fly at the different height.
MRBEUARBNSERT - RIEESNSESEAZNE -
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CYP2C19 belongs to the cytochrome P450 families of enzymes expressed in the liver for
detoxification. It is one of the major enzymes that metabolizes and inactivates various drugs. However,
there are single nucleotide polymorphisms (SNPs) in the CYP2C19 gene (Table 1 for combinations
of SNPs denoted 1*, 2* and 3*), and the allele frequencies of these SNPs are different among Asian
and European populations (Table 2).

CYP2C19 BRFRIREMWARBRSAINE R P450 Xk -EENH RESREN SN EERR
Z— - 1M CYP2C19 EREABZEMRZEM(SNP)(ER 1 PRIAE 1> 2 M3 *KWISNP A7) - BLE
SNP HZEUERSARER T ABE L AHEE (X 2) -

Omeprazole is a drug used for the treatment of gastric ulcer and reflux esophagitis. It is metabolized
mainly by CYP2C19 for inactivation. Conversely, Clopidogrel is a drug used for the prevention of
myocardial and cerebral infarction. Clopidogrel is also metabolized by CYP2C19, and this metabolite
inhibits the target molecule on the surface of the platelets, thus showing the drugs’ effect.

EXHM(Omeprazole)maE B EHEMNB REZLMAEY)  £Z2L CYP2C19 NEMAEREME - ME
ItE 4% 28 (Clopidogrel)2 AR FaRD DAV ABSIE ZERIZEY) - SR F M Z K CYP2C19 U - HNBHEN S
M/ EREREE D F - BMEEHEZEYIER -

Table 1 Table 2
Genotype of CYP2C19 | Phenotype Allele frequency (%)
CYP2C19 WERZA! FIRAY ENERER
*1/*1 Extensive Country
metabolizer *q *9 *3
B EE
*1/*2, *1/*3 Intermediate
X Sweden
metabolizer J 69.4 27.8 2.7
— R EE m=s
*2/*2, *2/*3, *3/*3 Poor metabolizer France 56.7 37 6.1
SRR EE Py ' ' '
China
o 38.2 47.2 14.6
Japan 27.7 49.9 22.5
Az . . .
A. Orally administered drugs absorbed in the intestinal epithelium are first transportedto | 85 |.
(1) Inferior vena cava (2) liver (3) heart (right atrium)
(4) pancreas (5) Large intestine

B. What is the order of genotypes for the effect of omeprazole from the most long-lasting to the
shortest lasting effect after oral administration?

(1) *1/*1 > *1/*3 > *2/*2 (2) *1/*1 > *3/*3 > *1/*2
(3) *3/* 3> *1/*2, > *1/*1 (4) *3/*3> *1/*1, > *1/*3
C. Which countries have the highest proportion of patients for whom omeprazole works well?
(1) Sweden  (2) France (3) China (4) Japan

D. If clopidogrel does not show sufficient effect due to the CYP2C79 SNPs in the patient, what is
expected by combining omeprazole on the effectiveness of the clopidogrel?
(1) improves the effectiveness (2) no change in the effectiveness (3) worsens the effectiveness
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A-D (1 point each)

A. ORMNEDZEIZE RABRWYE - SREXS -

(1) sk (2) M (3) LHE(ABLE)

(4) BbE  (5) K5

B. OREENME  ZFASRBAZFRARENERE ZHIRE R ?
(1)*1/*1>*1/*3>*2/*2 2)*1/*1>*3/*3>*1/*2
(3)*3/*3>*1/*2->*1/*1 (4)*3/*3>*1/*1->*1/*3

C. BXHMHRBREAUNLLAES ZEXS ?

(1) 3mEd (2) JAE (3) ®El (4) HR

D. RE&BEE CYP2C19 Y SNPs ERMBEREELETDRIER - NS HEZUMIRE

BENWIRMTER ?
(1) RBFTEER (2) ZERUREME (3) ENEBE

AD(&1%5)
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Animal biology
B

Q29

Three stages of transmission are considered before a zoonotic disease leads to a pandemic in the
human society (Figure 1). Coronaviruses are a group of viruses that can cause such pandemics. The
natural host of coronaviruses are generally believed to be bats.

ABHBELBREABLEERAMRTE  EE=ERENEREE 1) EShEEs/—EHO5|RERE
KRITHRSE - — Mk BSREENAATBEIZRIE -

Q29-1 Which factor increases variation of the coronavirus genome in A? Choose a combination of

B
BAEE ' e ANEtE
"\ B BRI AT
'l‘ rd
Y 4
v
thpgrE Figure 1

correct answers. (1 point)

a) The viral genome is surrounded by capsids.

b) The virus has an envelope.

¢) The host DNA replication mechanism has a proofreading function.
d) The genome size is large for a RNA virus.

e) The genome is segmented by some polycistronic genes.

(1)a).b) (2)b).c) (3)c),d) (4)d).e) (Sa)c) (6)b)c) (7)c)d) (8)d)e)

Q29-1 MMERZEEMERmEEREANERE ? BH FRERNES(1 2) °

a) mEERARIINREE -

b) WEEBINEE -

c) 5= DNA EREFIEERHINEE -

d ) RNA BSEWERHARK -

e ) ERAH —LZIEKFIIER (polycistronic genes)FT73 B -

(1)a) b) (2)a) c) (3)a) e) (4)b) c)
(5)b)-d) (6)c)-d) (7)c)-e) (8)d) e)

Q29-2 Which of the following facts contribute to the transmission of coronavirus in B and B'?
Choose a combination of correct answers. (1 point)

a) Disease do not develop in natural host bats.

b) Multiple types of coronaviruses are detected in the fecal masses of bats in one cave by using RT-
(F:))Cl\ljlaény bat species are nocturnal.

d) Habitat changes that occur due to climate change.
e) Many bat species feed on various insects.
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(4)a), c), e)

(1)a),b),c) (2)a), b),d) (3)a), b) e)
c)d) (8)b)c)e)

, b),
(5)b). c),d) (6)b),d),e) (7)b),
Q29-2 MAIMLSEEnl F EAARBE BN B BERE? BLIERNEZRES (19)
a) EERSERES EAZEMER -
b) A RT-PCR E—ER\AIIRIEEFE P - @ARZEBEEIR RS -
c) TRFEESRITERN -
d) EmEEEmEmEh g -

e) MFERERESASENES

(1)a),b),c) (2)a),b),d) (3)a),

b).e) (4)a), c)e)
(5)b), ), d) (6)b) d),e) (7)b),c)d)

(8)b), c), e)
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Plant biology

Q30

Early splendor, a cultivar of ornamental amaranth (Amaranthus tricolor) begins to form red leaves in
late summer to early autumn, after producing fully green leaves. The first few red leaves are only
partially red, each consisting of distal green and proximal red regions. Finally, fully red leaves form
after the formation of partially red leaves (Figure 1a). The color pattern of each leaf remains
unchanged after leaf emergence. The timing of red leaf formation is considerably influenced by
photoperiodic conditions (Figure 1b).

FERAL(— B E BBV EREIE ; Amaranthus tricolor) TE EARMKYGET - EREHNERZE - H
BREAE - &Y BOBAERERAZANERETFNERA - Oil) , &K%  EEMABHNE
RERZE  MBEZANER(E 1a)  EEARREZE  BRETHRECRIMMEFAZE - 4AER
AR RECBRREZZE(E 1b) -

(b)
{ ] 100 |
a
) BL16D,
£ ot
o o - 120120
. @ 7L8D1LED
’ % 40 |
7
E 14L100x
B in 20 I~
. 1 U U 0 SO O O |
\3 - 14L10D
2” 12L12D
1 1]
E 15+
2
E: 8L16D
= 10 |7LBD1LED
2
5 -
0L i ] ] i

0 10 20 30 40 50 60 70

Days after germination
Figure 1

(a) Sketch of leaves excised from a 60-day-old plant cultured under 8-h light/16-h dark conditions.
Numbers indicate leaf positions from the base to the apex on the stem.

FEEFN - —HR60KKRVIELK - BIEES/N\FICR/M6/NRFRERRG D - BPRBFAREFIE
EREEETRROUE -

54



(b) Plants were cultured in the 16-h light/8-h dark (closed triangles, 16L8D), 14-h light/10-h dark (open
triangles, 14L10D), 12-h light/12-h dark (closed circles, 12L12D), 8-h light/16-h dark (open circles,
8L16D), or 7-h light/8-h dark/1-h light/8-h dark (saltires, 7L8D1L8D) conditions. ‘Plants with red
leaf’ indicates plants that form at least one partially red leaf. ‘Total leaf number’ indicates the
average number of total leaves per plant.

B S RIEBEABRNEGET  16/)\F1Ei/8/\ R EE(B/ O =B, 16L8D) * 14/ IR/10/)\FF
ERE(ZEO=/Z, 14L10D) ~ 127\ 8R/M1 2/ ISR iE (B /0B, 12L12D) - 8/\B5 6 8a/16/ i RS
(ZE/0\EFZ, 8L16D) ~ 34 7/)\BF ¢ BR/8/ )\ 5 R A& /1 /J\Hvi‘éEE/S/J\H?Hﬁ(EHZ 7L8D1L8D) - #it & ‘Plants
with red leaf @15 E DB — R BEBALEE - ‘Total leaf number 25 9B EYNERBE -

Q30-1 The timing of red leaf formation and the growth rate can be related to the number of red
leaves. Rank the 70-day-old plants cultured under different photoperiodic conditions in the
order of their average number of red leaves.

AEERNREURERRERXGUAIEHEAH - BEARXNBBRIEG FNER 70 RAROEK - kE
A EEH B BRAMNEERE -
[ o1 |>[ 92 |>[ 93 |>[ 94 |>[ 95 | (3points)

16L8D
14L10D
12L12D
8L16D

(1
(2
(3
(4
(5) 7L8D1L8D

— N N S

Q30-2 Assuming that some red leaf-inducing signal X is produced in expanded leaves in response
to photoperiodic conditions and transported to the shoot apical region by analogy to the photoperiodic
regulation of flowering, the following two hypotheses are considered to explain the color pattern of
partially red leaves.

BREBNERZRBCEMRGMEERBAEZAEMNE X ZM RS ELUCBHRENFETER -
WEZEZEIR - NMIMERSRERASUEERHAZENERSEL -

l. The distal part of each leaf primordium requires higher concentrations of the signal X for red
coloration than that required by the proximal part.

RE RO - SEERENEREZERSRERNIE X - DUCAASER -
II.  During leaf primordium development, the distal part is determined for coloration earlier than
the proximal part.

EERENZEBARET  BRINACHORERSBORESR -

Which of the following experiments is most informative to distinguish between these
hypotheses?

THERT - B—EESRERANERERERS ?
(2 points)

(1) Examine color patterns of leaves newly formed on the scion after grafting the scion of the 60-
day-old 8L16D plant on the stock of the 60-day-old 16L8D plant.

% 60 KA ~ 8L16D RUEIEEZEE 60 KA ~ 16L8D AL A L - R HIFEEMI M E RWERRE
= -

(2) Examine color patterns of leaves newly formed on the scion after grafting the scion of the 60-
day-old 16L8D plant on the stock of the 60-day-old 8L16D plant.

% 60 KK ~ 16L8D MIEEFEERIETE 60 KK ~ 8L16D RIAA AR L - B EEIEMIME R NERER
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(3) Examine color patterns of leaves newly formed after transferring 60-day-old plants from the
8L16D condition to the 16L8D condition.
1% 60 RABERII ARG 8L16D R E 16L8D @ R HEEMEREREEE -

(4) Examine color patterns of leaves newly formed after transferring 60-day-old plants from the
16L8D condition to the 8L16D condition.

1% 60 R AR ERIZUE 16L8D X 8L16D - MR EHBEMEMERNERERE -
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Q31

When protonemata of the moss Physcomitrella patens were cultured without exchanging the culture
medium, some of the cells formed buds, which grew into gametophores (Figure 1). The culture
medium did not originally contain any plant hormones, but auxin and cytokinin were detected in the
medium after the culture of protonemata.

EIFEEHEY(Physcomitrella patens)[R#452H - BABEMEEEER  BERARNAREIE A
Fhe  EMEMM/NEFIEE 1) - BEEEYIASETOEYAER  BEEELRMAE 2% - A0
EESsETISEMERZTNARSHE -

Next, protonemata were cultured while keeping the medium fresh by continuous medium exchange
using an apparatus shown in Figure 2, and the effects of addition of auxin and/or cytokinin to the
medium on bud formation were examined in this system (Table 1).

BERR BRABREBEEHFEETNEEES  HEEBUE 2 Firc - WEZRZATRNEYEREZHN
A DHE - BRRARNIEMIENE - L ESRFREERNEE SR RUOEK 1R -
Protonemata of mutant x, which do not form buds in natural conditions, were inoculated into hormone-

free medium, auxin-containing medium, or cytokinin-containing medium and cultured without medium
exchange to examine the effects of the addition of auxin or cytokinin on bud formation (Table 1).

ERRWN FABEESFENRER X RMERERIIRZEYHRNEEE SEERENEEE
RREARIRZNEEER  TEAETHEERXBNER NETESR - LREMIENERZIM
BORRHEGERNEE (R 1) -

spore . fresh medium

8

germination
Mesh
AN =7
F ===~ bud pal = /protonemata

o= = \\ e

protonema B, e
Gametophore waste medium
SN ‘
waste medium
Figure 1 Figure 2

Apparatus for keeping the medium fresh by

Part of the lifecycle of Physcomitrella patens continuous medium exchange

HEERROEESE FHEEEEE, USSR E
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Table 1

Genotype | Medium exchange | Addition of auxin | Addition of cytokinin Bud formation
HREH HiEER ANEYERR INARRE D E ZFRe R
wild type No No No Occurred
wild type Yes No No Did not occur
wild type Yes Yes No Did not occur
wild type Yes No Yes Did not occur
wild type Yes Yes Yes Occurred
mutant x No No No Did not occur
mutant x No Yes No Did not occur
mutant x No No Yes Occurred

Choose the most appropriate answer set to fill in the following blanks (A, B and C).
(2 points)
WhRA Band CHERMAST BE—ESBEEERIHRIRE -
® The wild-type protonemata secrete ( ).
BEiRmiegEon( A )
® Auxin sensitivity is ( B ) in mutant x.
RER x WENERZHEMZE( B )-
® Protonemata are more likely to form buds when their growing density is ( C ).
ER#BEREBE( C R ROEZEAEE -

A B C
(1) both auxin and cytokinin lost higher
(2) both auxin and cytokinin lost lower
(3) both auxin and cytokinin normal higher
(4) both auxin and cytokinin normal lower
(5) auxin but not cytokinin lost higher
(6) auxin but not cytokinin lost lower
(7) auxin but not cytokinin normal higher
(8) auxin but not cytokinin normal lower
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Q32

In some plants, fruit valves bend and/or coil explosively to disperse seeds. While, in many cases,
dehydration of fruit valves triggers this explosive movement, fruit valves of Cardamine hirsuta bend
and coil explosively upon mechanical stimulation (e.g., by animals) when the fruits are fresh and turgid
(Figure 1).

ARLEEY D  RIFRSMEERB/BIE - DIBREET - 26 F5 - RIBEERKEFEREU
REEENYE - T (Cardamine hirsuta) FIRIMEERBEZ B ARBER MEZEtmE I it - RIZ
REEMIERORIE(MD - WEVVIFRRIED) (B 1) -

_ outer layer

ﬁ inner layer
- A
H > septum

seed

A

- fruit valve

= || = 3.

explosive seed dispersal

Figure 1. Explosive bending and coiling of a fruit valve of C. hirsuta

Bl 1. C. cirsuta RIMEFEIFIHEHAVBERE

To study how the fruit valve of C. hirsuta builds up energy for bending, researchers examined effects
of various treatments and conditions on the bending of fruit valves (Table 1). In this experiment,
bending of living intact fruit valves with all layers combined was observed in air, pure water, and 4 M
NaCl solution. Fruit valves killed by freeze-thaw disruption of cell membranes and living fruit valves
separated into outer and inner layers were also tested for bending in pure water.

B 7IREY C. hirsuta RIBADRIEEEELIHRIMEH - HRA SRS ARIBEMBBEO AR ER KK
- BRAOF AR - ABRS - SR EMAARERTHENRIBEZERF ~ #KELUK 4 MNaCl
ARE -~ DIRGEBRRESRMGRIRAREBRRMU IR S UE 2 EM/IBH ; i ErRED
A~ ShfE - RETEIRE R EEKPREHIBH -
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Table 1 Bending of fruit valves after various treatments and in various conditions

x® 1 EARERERARBRE S - RIBAE B

all layers combined FTBR K ER outer layer only 2B INE

inner layer only BN E

living living living killed living living
air water |4 M NaCl | water water water
+ ++ _ _ (shrank longitudinally) (unchanged in length)
At SR AR REAE

++, strong bending(*REH); +, bending(Z fh); —, little or no bending(#%F A5 AZ ().

Choose the most appropriate answer set to fill in the following blanks (A, B and C).

(3 points)
& A Band CWEEHAEGSD BH—ERESENRS -
® Higher turgor pressure leads to ( A

RENEEEE A )

) bending of a fruit valve in C. hirsuta.

® Ashallow cut made on an intact fruit valve of C. hirsuta in the ( B ) direction would cause
the shallow cut to open immediately.
ECEW C. hirsuta RIBEFE( B )AERVEMEIT) - SiSAULTIOEIFTER -
® The outer layer cells of fruit valves of C. hirsuta are ( C ) in water as compared to those
in air.
HBEREZERT - E/KPH C. hirsuta RIBIMNEAREZ( C ) -
A B C
(1) increased longitudinal %t narrower and/or thinner
(2) increased longitudinal wider and/or thicker
(3) increased transverse 1&[a) narrower and/or thinner
(4) increased transverse wider and/or thicker
(5) decreased longitudinal narrower and/or thinner
(6) decreased longitudinal wider and/or thicker
(7) decreased transverse narrower and/or thinner
(8) decreased transverse wider and/or thicker
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Many climbing plants have tendrils, a thread-like organ specialized for winding around or clinging to
a support. While tendrils are typically modified leaves, some tendrils are modified stems, which can
be distinguished by morphological inspection.

MZECEYBERER(—RERSERAEAEFYINGRRBE) HREEEEEERE ALEEER
BRE . _EUERERREERMLUER -

o
i
A\

Vicia sativa Cayratia japonica

For a tendril sample, answer which of the following observations is most informative for
judging whether it is a modified leaf or a modified stem. _ (2 points)

EBEERAD - PRGN - [IEREMUFIEBTEZSERBEN LKL ?
(1) Observation of the surface to examine the presence/absence of stomata

HRERHE  BRA/ERAL

(2) Observation of the surface to examine the presence/absence of trichomes

HRRE - MKRAEERY

(3) Observation of the surface to examine the thickness of the cuticular wax layer
HxxmE  SHEE-AEENERE

(4) Observation of the surface to examine the shape of epidermal cells
HRRE - mARE AR

(5) Observation of the cross section to examine the positional arrangement of the xylem and
phloem

BEmE - KR KEEMI) LR BB

(6) Observation of the cross section to examine the number of vascular strands
BEEE - REERNEE

(7) Observation of the inner tissue to examine the presence/absence of developed chloroplasts
BENEAES - MRAECRBNERE

(8) Observation of the inner tissue to examine the presence/absence of the intercellular air space
BENEAES - mRAEARER
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Plant leaves are arranged around the stem in regular patterns. A typical example is the Fibonacci
spiral, where the angle between successive leaves is near the golden angle of 137.5 degrees. Such
regular pattern of leaf arrangement reflects the positional relationship of a new leaf to the existing
leaves when it arises at the periphery of the shoot apical meristem. It is considered that the position
of new leaf formation is determined under the epidermis-transmitted inhibitory effect from existing
leaves. To characterize this effect, the following microsurgical experiments were performed using
tomato plants.

EMEREE LRAFI2R[EET - BENEGFZ2ERMNRKETE - EEHEBERBRAERSIT
EM 137.50 - ERFFIRAMURRRRL : EMEREREENIRIR D EABBERER - HARE
ERENUERG - MEERERNUEERBEHRFE A REELIIGIERIORE - & FEi
RIUCTEA - FMRAEMERRETU NEMRIFEER -

t0

Researchers made a shallow cut on the surface at the adaxial side of the incipient leaf Py to isolate it
from the apical region (Figure 1), and measured the angles between successive leaves after the next
leaf P1 and the second next leaf P, were formed (Figure 2).

MRAEEER PoiiEflpyRmEm2| L =T0 - UBEBEERSFH(E 1) TEEZFEANER P LUK
BERMER P, 2E - HIE Py~ PoMEBRKRE(E 2) -
£P-10Pa a0® Y - . r .

ao° | '

a0~ b N

207 k g

Deviation from 137.5°

_-'ID!:I i i i i i
e @ qﬁ? ¢ & &
vov vV v

Figure. 1. Schematic drawing of Figure 2. Deviation of the angle between
microsurgical experiment Pn.4 indicates successive leaves from 137.5 degrees

the leaf immediately preceding to Pnand  4g 33 1 R s AN 137.50R9R 5 - (4EBH : 137.50
O represent the center of the stem. P4 B
MIRE)

and P-; are not shown in this drawing. #
MIRFERAEE P UREEET P, Z
AINER - O REIE ; B RER Py
M P
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What can be speculated from the above experiment? Choose the most appropriate set of

reasonable speculations. (3 points)
RN EER - HEHAE ? # THSEMNEE  EXRBEEN—H -

A.

Among existing leaves, only the immediately preceding leaf is critical for the determination of the
position of a new leaf formation.

ERFNERD  REZMOA—REZRENEEREAAERNRFERE -

Among existing leaves, two preceding leaves are critical for the determination of the position of a
new leaf formation.

ERENERD - AIMAESREMEERFEAAENRERE -

When a leaf is newly arising, the position of the next leaf is not determined yet.
SHERBIRER - T -RENUEERSORTE -

When a leaf is newly arising, the position of the next leaf is already determined but the position of
the second next leaf is not determined yet.

SMERBIRER - T —RENUECSHORE - BEZEMNE 2 AERIBKRBORE -

If n is sufficiently large, the deviation of the angle «P,OP;.1 from 137.5 degrees is close to 0.
fi5%5 n 39K+ A LP,OPt Al 137 5RIREZ TN O ©

If n is sufficiently large, the deviation of the angle 2P,OP;.1 from 137.5 degrees is close to 42.5
degrees.

% n 59K+ BEELP,OP et Ml 137 .5MRZES TR 42.50

A C E (2)A,C, F (3)A,D, E (4)A, D, F

B,C E (6)B,C, F (7)B, D, E (8)B,D, F
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Nitrogen assimilation is a process that requires considerable amounts of reducing power. In leaf cells
under moderate light conditions, this process competes with carbon assimilation in the Calvin cycle
for reductants supplied by the photosystem, if these reactions are coexistent (Figure 1). Such
competition influences the carbon assimilation quotient (CAQ), defined as the ratio of the CO-
absorption rate to the O2 evolution rate. Additionally, CAQ is also influenced by the nitrogen source
applied to plants. This effect is expressed by ACAQ, which is calculated as the difference of CAQ
between plants grown with ammonium and plants grown with nitrate.

ARFLEHAEFEMNEAEERNNER - £PEXRTHNEAMARD  AZEECERSMNFH
BRAOKEMCIERRF AR RENERE  HEESERBRKEET(E 1) - HRFEFEKEL
TEABE(CAQ) HEERAMKRWRHAITERRALLE - I - CAQ U BRFIKG BN RIRFIFE -
IETERIACAQ =R - TRENME 2 RIE A SR BRI IE AL BRI PAER - STEH CAQRIEER -

CAQ = CO; absorption rate / Oz evolution rate

ACAQ = CAQ ammonium — CAQ nitrate
* CAQ ammonium : CAQ of plants grown with ammonium as the only source of nitrogen (#% B2 HEME—

RIR)
* CAQ nirate : CAQ of plants grown with nitrate as the only source of nitrogen (F4l4 i 2 E It —FR)
NO,™
N
G 0, 1
N0z~ N\,
N
N\ Photosystem
NO, "~ I
l <:“:_-:__T2 \‘i_(
NH,* Jl reductants L‘_‘_J\ Calvin
e /7 cycle
PN
glutamate
1 chloroplast
glutamate Figure 1
16
C3 plants C4 plants
12 =
08 - \ -
g
o
=
1 1 1 1 1 L 1 1

O 200 400 600 800 1000 O 200 400 600 800 1000
C, (umol/mol) C, (pmol/mol) Figure 2

64



Figure 2 shows ACAQ values as a function of the leaf internal CO concentration (Ci) measured in
various C3 and C4 plant species. Different colors indicate different species.

Bl 2 #/REA[E C3 A C4 EMEHF - ACAQ RIERNEH CORE(CI)RE ZHER - FEIEREBHAR
RERABREYEL -

Q35-1 Choose the appropriate answer set to fill in the following blanks (A and B). (2
point)

EHBEER Aand BIEZAS - DIEEREZ -

Competition for reductants between nitrogen assimilation and carbon assimilation ( A ) CAQ.
As application of ammonium skips its upstream steps of nitrogen assimilation, ACAQ correlates

(B ) with the activity of the nitrate-to-ammonium conversion process of nitrogen assimilation.
RARBCERAMXE(CERBNERTFHRFSE( A )CAQ: EEE\,/J\\IJI]&E@TEJE BEERRECIF
R L8R - ACAQ MR EBHLIFAPRIHM E- R EEARE ZFARBIC2IR( B )MHE -
A B

(1) raises positively

(2) raises negatively

(3) lowers positively

(4) lowers negatively

Q35-2 In C4 plants, which cell is likely to be responsible for the nitrate-to-ammonium and
ammonium-to-glutamate processes of nitrogen assimilation? (2 point)

EC4EMP M—iEABRoEERRAERRECFRAPMILE- 2B LK RS- RIRRE 7 R1E ?

nitrate-to-ammonium
TG EE - SR S

ammonium-to-glutamate
$% B 5k N AL B

(1) mesophyll cell ZE A AR mesophyll cell

(2) mesophyll cell bundle sheath cell R 85 4H At
cannot determine from the data provided

(3) mesophyll cell 3 740 By

(4) bundle sheath cell mesophyll cell

5) bundle sheath cell bundle sheath cell

6) bundle sheath cell cannot determine from the data provided

cannot determine from the data provided

mesophyll cell

cannot determine from the data provided

bundle sheath cell

cannot determine from the data provided

cannot determine from the data provided
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Evolution
E{EER

Q36

In a hypothetical organism, a male is known to transmit about 40 de novo mutations to his offspring
when he mates with a female at the age of 20. In addition, the number of mutations in the germline
cells of a male for each year is known to be about two. In this condition, what is the expected number
of deleterious mutations an offspring receives from a 20-year-old and a 40-year-old father,
respectively? Note that the genome size, the number of genes, the average length of a gene, and
the probability that a mutation in a gene is deleterious are 1 Gbp, 10,000, 1 kbp, and 70%, respectively.
Also note that all deleterious mutations are assumed to remain in the offspring genomes.

BRERA—TEEY - £ 20 BABEMEERER  ZRE 40 EBHWEREEL TR - U - BESFR
BRVETBMBRAKNES 2 BRE - HILERT - FIUIE 20 RN 40 BB EEERENTERE
ERRIRME?EE : EREX/NS 1 Gop - EEEES 10,000 - EENFHRER 1 kbp ~ IREE
EPREBERENHERR 70% - LI - BERFIBNEEREHMZBEEFRNERED -

Age 20:0.| 103 || 104 | (2 points)

Age 40:0.| 105 || 106 | (2 points)
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Q37
During the evolutionary history of vertebrates, they experienced several instances of whole-genome
duplications that are believed to facilitate genome diversification and dynamic evolution.

BEHRESMNE(CES  #PEESRNEEREER HWR B EREERED AEEZ2MEL -

A. Figure 1 shows the phylogenetic tree of broad range of vertebrates and lancelet (ancestor of
vertebrates) with the timing of whole-genome duplication (black arrowheads). The lancelet
possesses one Hox gene cluster in the genome.

B 1 BRAZEBES YN ER(BHEMRIET)HNR GGG iR H 2 EREERRE (R
BEIR) - XERERIEES 18 Hox EHE -

[= =)

2

Chicken 3

(%]

2

Human 3

4) (5) (6)

Lancelet IIII|‘||‘|E|E|

— Shark | [+] [2]
. spotoaen = 7] [& | |a [
N Zebrafish S— | [«] [&] [+ El
e BinlE EI

Coelacanth AREIRERE [2]

Y _ Atrican clawed frog [«] | [ 2

BinjE

Do

Figure 1. (left) The phylogenetic tree of a broad range of vertebrates and lancelet (an ancestor of
vertebrates). (right) The answer options for the number of Hox gene clusters in each species from (1)
to (6).

1(ER) RZHBEEBMNXERNRZAERE ; (AR)EREYEMES Hox ERERIEE - (1)to

(B)BEREI -
Choose the appropriate combination of the numbers of Hox gene clusters (observed) in
vertebrates from (1) to (6). It is noteworthy that Hox gene clusters are rarely lost during evolution.

[107 ] (1 point)
(1) to (6)ELBHEMEE Hox ERHBBENESEMAS - 15 | ELHE - Hox ERERSEX -

B. In the phylogenetic tree of species X, Y, and Z, whole-genome duplication occurred two times,
which is indicated by black arrowheads (Figure 2 left). As a result, each of the species X, Y, and
Z possess X1, X2, Y1,Y2, Z1, and Z2 genes.

X,Y, and Z ERGRAGRED  ERRERZLEL 2R - £EPUREFERRNE 2 A7) -
R BEX Y, and ZWEDRIES X1, X2,Y1,Y2, 21, and 22 EH -
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X1

(1)

Y1

’_I_‘

Z1

X2
Y2

l
in

z2

)

— X1

— X2
Y1

Z1
Y2

2

3)

— X1 (4) X1

Y1 | Y2

Y2

X2

Z1 _E Z1
Z2 Z2

Figure 2 (left) Phylogenetic tree of species X, Y, and Z. (right) The answer options from (1) to (4) for

the phylogenetic trees of genes X1 to Z2 of species X, Y, and Z.
2 (M) X, Y, and Z MW ZBAZE ; (GH)

Z ViEnrig R F e -

Sk

=3

EIF(1)to (4)BEE X110 22 EFZ X, Y, and

Choose the appropriate phylogenetic tree of these genes (X1 to Z2) from (1) to (4). Enough time
has passed between gene duplication and the subsequent speciation. | 108 | (1 point)

B LEEE (X1 to 22) RIRZRIABI(EIE(1) to (4)P - BEHBEEERIE - ERERZEARAENEE

BEREREIE -
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Q38

Zuckerkandl and Pauling proposed the molecular clock hypothesis, in which amino acid differences
in a protein accumulate at a uniform rate among species. The concept was applied to estimate the
divergence time between species of various organisms. In addition, rate of the amino acid substitution
was revealed to vary among proteins because of the difference in functional importance. Here, we
focus on two proteins X and Y. Their lengths (X: 400 a.a., Y: 600 a.a.) and the substitution rates (X:
0.625 x 107, Y: 1.25 x 10" substitution/site/year) are both different.

Zuckerkandl and Pauling 8t 7 — B2 FiER RS - £—EE8E FHRERER - T AEYEZE
EUBEENREERE - WU ARMGESTARMEN SRR - WINBERAEEEENENEZ Y
=R MUAAERENRERNSRIEREAR - 7£I - MM EMESEEE XandY - BEFPNREX:
400 a.a., Y: 600 a.a.) B BEZE(X: 0.625 x 10, Y: 1.25 x 10 substitution/site/year)& 2 E 1Y -

A. In each of the proteins X and Y, how many substitutions were expected to be accumulated at a
maximum between human and mouse, which was diverged 80 million years ago (MYA).

EE—E8E XandY HMBERALREER E8 TEFENERES  ERIEANBBREBT ?

Choose the right choice. (1 point)iEIZ FIEE 2
(1) X: 25, Y: 40 (2)X:40,Y:100  (3)X:40,Y:120  (4)X: 10, Y: 40

B. In Protein X, 6 amino acid substitutions were observed between human and a mammal species.
Choose the right choice for the divergence time between them. (1 point)

EEREBEX  BEIANBEBENRIAFYES 6 ERERNEL - FEEL _YEIFROERE
(1) 3 MYA (2) 6 MYA (3) 9 MYA (4) 12 MYA

C. The rate of amino-acid substitution also varies in the different domains of particular proteins in
case that the functional importance is different among domains. Human insulin is a peptide
hormone, which is first synthesized as a single polypeptide called preproinsulin (110 a.a.).
Preproinsulin subsequently undergoes maturation into active insulin composed of A-B domain (51
a.a.), by releasing predomain (24 a.a.) and C domain (31 a.a.). We can expect that the functional
importance varies among these domains.

BEBRUBRAER AREEHEDIAENGEREdomains) N ERENSEEEUNAEMEEZE
£ - N\ERERERENERRTEHERZINS HNERBIRS Z/R(preproinsulin (110 a.a.)) - Z#&
ARERRETEMAZ  ERAEMNNEERES A-B &EBE (51a.a)  MEBEEDPELA]
#HEE(24 a0 )Rk CHEBE (31a.a)KMollfEl  NEEEUEELEEBERZADN -

Choose the most appropriate choice for the relative values of the substitution rates of a.
pre-domain, b. A-B domain, and c. C-domain. (1 point)

it a. BI%E1EE (pre-domain) * b. A-B %5 1E & (domain)fl c. C-4#EE(domain)t - EHRESHWE
MEREE -
(Ya<b<c
(2)b<c<a
(3)c<b<a
(4)a<c<b
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There is a laboratory storing extracted DNA of diverse mammal species. One day, a laboratory staff
investigated stored DNA tubes and found three tubes lacking labels. He also found three labels
removed from tubes in the same shelf where the three label-less tubes were stored. These three
labels are: “bowhead whale”, “pigmy hippopotamus” and “water buffalo”. There was one more tube
stored in the same shelf with a label “bottlenose dolphin”. Here, he sequenced a specific genomic
region from the DNA of these three label-less tubes (#2, #3, #4) and the bottlenose dolphin (#1). The
phylogenetic relationship of the four species and sequence alignment are shown below. It has been
assumed that this genomic region has been evolved under a constant evolutionary rate among
cetartiodactyls.

B—AEREME FHAEHILEMZEIAN DNA - BE—RKEREASHRKRELRHET DNA f0E - 8
RESA 3 EHERBERE - ARTEMGERKE 3 EREDRIMNESIER - KETHAKSF -
ER—EMHER  ZE—OEM MMEBENRE - RE=SEXBRBRIRA#H2, #3, #4) - LUK
MEBRAERAR)  EREREERARIEET DNA EF - WiRKFISHFIIEC¥ 4R A 4 EYEN
MEEGHRERND - RERAREREBHENILREREDTRSAECERZRER -

bottlenose dolphin

e howhead whale

pigmy hippopotamus

water buffalo

Tube #1
bottlenose
dolphin TAAATATCGCATTTAGTTG GCC
Tube #2 ATAATTTGGCAAATTCATGTG
Tube #3 TAAATATCCCATATAGTAGCTC
Tube #4 TATATTTCGCATAATGTTG GGZC
Tube #1 Tube #2 Tube #3 Tube #4
(1)  bottlenose dolphin bowhead whale pigmy hippopotamus  water buffalo
(2) bottlenose dolphin bowhead whale water buffalo pigmy hippopotamus
(3) bottlenose dolphin pigmy hippopotamus bowhead whale water buffalo
(4) Dbottlenose dolphin pigmy hippopotamus water buffalo bowhead whale
(5) bottlenose dolphin water buffalo bowhead whale pigmy hippopotamus
(6) bottlenose dolphin water buffalo pigmy hippopotamus bowhead whale

Based on the result above, indicate in the answer sheet which is the most likely combination

of tubes and labels. (2 points)
RBLANSNER  EERALIEHOUEREUEEHEHEEENAES -
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It is well-established that photosynthetic eukaryotes (i.e., algae and plants) acquired plastids through
the primary symbiotic uptake of a cyanobacterium. Plastids possess two membranes. Furthermore, it
is believed that the ancestors of chlorarachniophytes, which had no plastids, acquired their plastids
through the secondary symbiotic uptake of a green alga. The plastids of chlorarachniophytes are
bound by four membranes (Figure 1). From which organism is each of the membranes derived?

THEERANEZEY (ITREREEY ) WENREREBVAHENARNBAEZEAEMS - E2C
KIERWSBE - WILBENRBEEMENE - TH - —MAEEEESRE chlorarachniophytes FIHCIR TS
BENE ELRRREHERATHEES SR T ERNE - # chlorarachniophytes FIE KIS 4 EIE S
% (Figure 1) - BEIE—EERB@EEY ?

Nucleus

Nucleomorph

..
-
-
-
.
-
-
-
-

Plastid

Figure 1. Schematic illustration of the ultrastructure of chlorarachniophytes. The box area is
magnified to show that the plastid is bound by four membranes.

1.chlorarachniophytes AR B IEETR - HiREABNIEH 4 BEEBHRKE

Choose the most appropriate combination in the following. (2 points)
EENIERREAS:

(1) (a) cyanobacterium; (b) green alga; (c) ancestor of chlorarachniophytes; (d) ancestor of
chlorarachniophytes.

(a)EE#iE (b) #%5% (c) chlorarachniophytes B9fH5E (d) chlorarachniophytes B9 5%
(2) (a) cyanobacterium; (b) green alga; (c) green alga; (d) ancestor of chlorarachniophytes.
(@)EEfiE (b) #%5% (c) #% (d) chlorarachniophytes HI1H5E
(3) (a) cyanobacterium; (b) cyanobacterium; (c) green alga; (d) ancestor of chlorarachniophytes.
(@)EEMiE (b) EEAHE (c) #4% (d) chlorarachniophyte HItE5T
(4) (a) cyanobacterium; (b) cyanobacterium; (c) green alga; (d) green alga.
(@)EEHlIE (b) EEAIE (c) #% (d) #05%=
(5) (a) cyanobacterium; (b) cyanobacterium; (c) ancestor of chlorarachniophytes; (d) ancestor of
chlorarachniophytes.

(@)EE4E (b) EEAE (c) chlorarachniophytes FYf5E  (d) chlorarachniophytes B985t
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The population dynamics are principally determined by birth and death rates. The diagram below
shows the life cycle of an animal species with three age structures, namely juvenile (J), adult 1 (A1),
and adult 2 (A2). The population size (females only) at each stage in a given year (t) is shown in
parentheses. S; and Sz denote the survival rates between two successive stages, and my and m>
show the numbers of juveniles produced by an adult individual at the two stages. All individuals that
have survived enter the next stage the following year, and mothers give birth to juveniles immediately
after entering the next stage. For instance, the number of juveniles at year 1 (N, 1) is the total number
of offspring produced by adult 1 (m1%Na1,1) and adult 2 (m2%Naz,1). All individuals in the adult 2 group
die the following year.

ﬁé‘ﬁ@] EFZEURARBERETR - TEIR/—TEEYEFLL 3 BERERTR - ME2J) - HEE 1(A1)

FRES 2(A2) - BINFBRNEE—FEEEF  B—FiRENES(LCUEHEREETR) - S1 M S "RE
:@TE@E’\JE‘@AEZFQE’W_%’ " my %D ma B3 R ZR R A [E) B BS F e fE o - BB R AR PR B £ RO4)
RE - BRMMACTUEEEE _FEE - EAT—RFRERE - o yBIEEEN - flW : S5 1 &
E 1 FREBE (N1 )ZREE 1 (m1xNA11)E—35‘Z 2(mxxNp ) PREEMNFREB B - FraERREME 2
PEER 2 BBISET -

m,
L iy Ry
J Al : A2
(Nj,t) S1 (NAl,t) 52 (NAZ,t)

Q41-1 Given the following demographic parameters and initial population size (year = 0), what will be
the number of individuals at each stage class two years later? Note that population size here
represents females only.

R NP RBEHENSEBIERIGERE (F£=0) X/ MFERE  SEFRENEEREES

o 2 AR EFRIIN G ERHE R EE MY -
S1=0.2, Sz=0.5, m1=3, m2—2, NJ,0=100, NA1,0=20, NA2,0=20

Choose the appropriate value for each of the following boxes. (2 points if 2 digits are correct)
AREENEEEAMUTHESFR - 20 _BIEFZEEEESTSD)

Ni=[ 114 ][ 115 | Naz=] 116 |[ 117 | Nao=[ 118 ][ 119 ]

Q41-2 The population with the above parameters will go extinct in the near future. To prevent
extinction, at least one parameter value must be increased. When other parameters are held
constant, ms should be increased, such thatm: = | 120 | Choose the appropriate value
for the box. (1 point)

BE TS IRENEHEAANSRRERE R RE EhE2 ) —ESENEVREN - 2
HiBIEAERSAE  mBEEMN  HEZm 2 [ 120 | EBESHNEBEEA(N 9)
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Plants show morphological plasticity and can change their morphology in response to different
environmental conditions. The four figures below (A to D) show simplified diagrams of a plant’s typical
response to environmental conditions.

BRI LAY - e B HAE DI EREARRIEREE - NE A~D BBV A BARIRER R
WA EBRRE -

A B
Standard morpholoqgy W
C 1 Z D

s =

Match the following statements (a to d) with the corresponding diagrams (A to D) shown above
and choose the appropriate number from the table below. | 121 | (2 points)

1% a~d RIRLEL E[E A~D RYBAtAECE - TRPOIFAMECH 2 IERER ?
a. Response to soil fertilization ¥}t 1Lz FE

b. Response to apical damage ¥IEZFIRIEM S IE
C.
d.

Response to shade condition ¥1iE &Y &

Response to trampling pressure ¥3 R &

A B C D
(1| a d c b
(2) | a c d b
3)| b a c d
4)| b d c a
5) | c a d b
6) | c a b d
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The table below presents data on the reproductive success of four different genotypes, Ato D in a
Hymenopteran insect. The sex determination of hymenopteran insects (bees and wasps) is
haplodiploidy: males develop from unfertilized eggs and are therefore haploid, and females develop
from normally fertilized eggs and are diploid. If a female mates with only one male, any two of her
daughters will share, on average, 3/4 of their genes.

MRETHEDEERNEARNERE  HEERINNEE - B3 E E';am(ﬁi&ﬁﬁ%e) R adallps=d=s)
FERENEEIORTE - BMHNEREHEARAZEINZENNK  REESR i fimEEx#aQU?é%ﬁ’ﬁ
- REELGE - BRR—EMTE—SHERR EUE?W'?EEW#?Eﬁi’:]E 34 WERZMEE
8 - (Number of their own offspring B2 FHEE - Nunber of siblings 2 (4HIX)2H - Average
number of offsprings produced by each sibling F19&EEF 2 (HIK)TEENFREE)

Number of

their own Average number of offspring
Females offspring Number of siblings produced by each sibling
Genotype A 12 3 7
Genotype B 2 8 12
Genotype C 8 4 6
Genotype D 9 6 5

Q43-1 Provide the direct fithess of genotype A, assuming that all offspring are females and
females with different genotypes do not compete. (1 point)
BEFMBENFREREMMEEEARERENEMEETAEERT  SEERNE ANEEEFE?

Q43-2 Rank genotypes A to D in descending order of inclusive fitness assuming that all
offspring are females. Choose the number from the table below. | 123 ] (1 point)

BEFABNFUERIEY - & A~-D NEEBFERSIEMNSF  BIRPEZELRESR -

) A>B>D>C
2) A>D>B>C
3) B>A>D>C
4)
5)
6)

B>D>A>C
C>A>D>C
C>D>A>C
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The Figure 1 below shows a simplified food web in temperate forests. Spiders living on shrubs and
trees are generalist predators that consume herbivores and detritivores, which belong, respectively,
to grazing and detrital food webs. Detrital insects spend their larval period in soil, but move to
aboveground as winged adults, becoming potential prey for spiders. Passerine birds are also
generalist predators that consume herbivores, detritivores, and spiders. Spiders and passerine birds
therefore integrate two pathways from grazing and detrital food webs aboveground.

TE 1 BR—ERFRMTNEERNHE - EEEERRE LNHKER—RUEREE HRERE
DEBEREE UMEIBRBEEVHEARBEENHR HERYATHNESEMNFREFTNLIES
EEMERIBEEREMERET  RAWKNOEERER - 2#BtBER—RIREE  SHEER
ZHEBREE DR - At - MIRELSWEE  BS T BREEVHARMERNEERYA -
(B9 Passerine bird £8 - Herbivore &% - Spider #l% - Detriticore(adult) BB & (M 8)
Detritivore(larvae) BB & (4158)) -

¥ Passerine bird

/ 30%

| | 40% | Spider

f |
f 4 ﬁﬂ%\

| Detritivore (adult) |
|

Detritivore (larvae)

Figure 1

Q44-1 The prey biomass of spiders consists of 40% herbivores and 60% detritivores, while that of
passerine birds consists of 50% herbivores, 30% spiders, and 20% detritivores. What is the
contribution of the pathway from detrital food web to passerine birds, as expressed by % biomass
of detritivores relative to the biomass of herbivores and detritivores combined? Note that the
conversion efficiency is assumed to be 10% for any pairs of adjacent trophic levels. Answer with
a 2-digit integer by cutting off numbers after the decimal points. [ 124 || 125 | (2
points if 2 digits are correct)

HMRNEYRENEER 7 40%NERE R 60%NEHEE  MEREYHNENES 50%Z2ER
Z -~ 30%HMIKEA 20N EHEBE - WFERYHEEMGERNENERT ? EMENEZLURE
BERYREERBENLEREZR/NNENLEY - IR BRES—EEREZBNEBEBRUERS
10% - BFFEAZMEER - NEREBER - 2 0 - _BPHEFELEEETESD)
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Q44-2 A huge amount of radionuclides were released into the environment from the Fukushima
Daiichi Nuclear Power Plant accident after the earthquake and subsequent tsunami of March
2011. Cesium 137 (¥’Cs) is the most worrying radionuclide, which spread from the atmosphere
to forests. '¥’Cs was initially retained on plant surfaces and then entered into soil through rain
and defoliation. '*Cs is bound to the organic materials of soil by ion-exchange adsorption, or
bound strongly to mica minerals in soil, which makes it difficult for vascular plants to absorb
cesium from roots several years later. However, fungi absorb and accumulate a large amount of
187Cs, which is consumed by detritivores. The Figure 2 below presents a schematic
representation of how '*’Cs concentration changes over the years for three types of organisms
after the initial cesium fallout.

#2011 =1 - ERMEEBRSHESNZERRERIN B Y KENHHUNE - Hhif
137("¥Cs) B R A B LN —REREHSRYE - AR LIHEZRMMERMS - I8 137 RF &
EEYREE  BERKEZEEATIRED - 8 137 FELRPHNERBEEZR FRIBRES - 5
SHREITEPNENBERENG S EREFRETREYRRATIEPIRIES 137 SSFEHEE-
A8 - EEZRWLREASRVI 137 - EBEREESWEBERYEMR - NE 2 R=FEAFE
BBREY) - RIS 137 518 - EERIR 137 FUREEME -

1} A - B . C

137Cs concentration

2011 2012 2013 2014 2011 2012 2013 2014 2011 2012 2013 2014
Year

Figure 2 Changes in '*’Cs concentration over several years. The concentration represents a relative
value, with the value in 2011 being 1.

2 8137 ERFRNRELZE - RELMEHEERRE - L2011 BHEER1 -

Given the above information, organisms in different trophic positions in forest food webs are expected
to show different temporal changes in cesium concentrations. The above graphs (A,B,C) represent
the responses of three organisms. Choose the most appropriate combination of organisms from
below. Note that the data were gathered in autumn, and bioaccumulation through trophic levels does

not occur. (1 point)
REBULEER  —BURKTMEVHEINAENEEZRENEY - HRASNEEFRHSREEMA

g rEA-B-C% F‘;MJG%E:*EEME’J&F EET%EEPﬁﬁE-LSE’J BEVNHIFAES - 1R
IEERZRARKEES - HEEREMRNENRBRRZZEAFERN -

A B C
(1) Grasshopper Spider Earthworm
(2) Grasshopper Earthworm Spider
(3) Spider Earthworm Grasshopper
(4) Spider Grasshopper Earthworm
(5) Earthworm Grasshopper Spider
(6) Earthworm Spider Grasshopper
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Primary succession can begin in a virtually lifeless area, characterized by early-seral plant species
followed by the replacement of these species by other late-seral plant species. An example of this
process can be seen in Alaska, where glaciers have retreated as a result of climatic warming during
the Holocene. Through this succession, key soil properties such as nitrogen (N) and phosphorus (P)
content also change. Nitrogen enters into the soil through the biological pathway of nitrogen fixation,
the conversion of N2 to forms that can be used to synthesize organic nitrogen compounds.
Phosphorus is added into the soil through the weathering of rocks. Plants in each successional stage
use these nutrients for growth and survival. After the death of plants, the elements stored in the plants
can reenter into the soil through the activities of microorganisms, which decompose and mineralize
detritus. Soil nutrients can be absorbed and utilized by plants again over time, but some are lost
through leaching out from ecosystems.

Y RE—EREWNESRYG HRERBERHEREVREREZTRBIEREVERDN - £
R ERE O LIERRI AL HT AV B 7 2R B RE - RSO IKER(IENTE - ERICTHR - EIDERNB
B TEERNTERENR BN ERZNE - REREYERNEEEALTE - B(ER T K
SBHERERYTN - BEREANELCEALE - BYEABNWERER  SANHELEEREK
EEER - EEYILE - ERMEYRIEE - ) REREAHIER  BEREREYERNNTRE
BEEALTED BERENEE  TEPHNEBETLIEEREYREENE - BERELISRNE
EREZJPREURMER -

M

Choose a panel from (1) to (4) that represents temporal changes in nutrient accumulation in
soil through primary succession after glacial retreat in Alaska. The climax stage is boreal
forests. In the panels, N and P represent the total amount. [ 127 | (2 points)

B RNE(1)~4)F - BEEST SNSRI RENIMERBED HXEFERENREEEEE -
UEEEMBAERAE T AN - EELEE P - N & P D RIRZITRNVAE

(1) 2 (3) 4)

utrient accumulation in soil
TIEDEEBERE
o

ra
/

=
N

“\\\

Early Late  Early Late Early Late Early Late

T

Successional stage HEPE
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