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Figure 1 Schematic drawing of red blood cells (RBCs). ¢, Hemoglobin molecules assumed in a RBC cross section
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Figure 1 Relationship between S (extracellular glucose concentration, mM)
and V (the rate of glucose uptake into red blood cells).
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O3 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.
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(a) Kinetic characteristics of Rubisco (substrate concentration at 50% of saturation at 25 ° C)
Kwm [X]: the affinity of the enzyme for substrate X.

Ku [CO2] =9 uM, Ky [02] = 535 uM, Ky [RuBP] =28 uM

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

kcat [X]: the maximum reaction rate when the enzyme catalyzes the reaction of substrate X.
kcat [CO2] =3.3 /s, kcat[O2]=2.4/s

(c) Concentration in water in equilibrium with air (assuming 0.035% CO; and 21% O,) at 25 ° C
CO;=11puM, O,=253 uM

RuBP concentration in chloroplast stroma is 4 to 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. (1 point each)

(1) (a) (b) (¢), (2) (a) (b), (3) () (c), (4) (b) (c), (5) (a), (6) (b), (7) (¢)
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Q9-1 What kind of gene had a mutation in this experiment? (1 point)
(1) Phosphatase

(2) Protease

(3) Cellulase

(4) DNA polymerase

Q9-2 What was the organelle found in the autophagic body? (1 point)
(1) Chloroplast

(2) Mitochondrion

(3) Melanosome

(4) Cell wall



ok

Q10

il o 25 8Jl50 Jol (LS o Joko a5, (slasS

S e oy Slex pled 4o L g o5 Jokw JS :Diffuse growth A
&S oo 0y Jokw g Lass Tip growth B

B ;A I .5 Inclusive growth .C

S b 8y Ko Jags ¢ 0y gz g oo b oo o]0 b e sy o 7, aLS slo Jsko o diffuse growth &5 oK
6o s 789, S i ok dcgama G ¢ 03 ls diffuse growth a” sla Joko ;o 058 und Joho o)lg0 ooims LS5 s 3lgkes

IS (oo e il 5 sle JagisSn 605 Sz slaiel o (Jslo slid (59) 2 S5 > 0 ) ke

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

(2) A—Pollen tube, Root hair, B—Root cortical cell, C—Leaf epidermal cell
(3) A—Root cortical cells, B—Leaf epidermal cells, C—Pollen tube, Root hair
(4) A—Root cortical cells, B—Pollen tube, root hair, C—Leaf epidermal cells
(5) A—Leaf epidermal cells, = B—Pollen tube, root hair, C—Root cortical cells

(6) A—Leaf epidermal cells, = B—Root cortical cells, C—Pollen tube, Root hair
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Table 1: Cell numbers of somatic cell A and somatic cell B.

Cell number (x10°)

Time from start of experiment 0 48
(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)

1) 3, 24, 3 6, @8, (510, (6)12, (7) 16, (8)24, (9)32

somatic cell A: hours

somatic cell B: hours

Ss G A 5,5 S Bl (S o iS5 wiad bgle ateie cond LB 5 A Silages slgdsl a5 oS0 Q11-2
Sl 035y iz CutS £5,5 alfin B Kiloges sl Jshos 5 A Siloges sl Jslos Comns o 12 55,4 51 s B 5 A lodsls

Jiie 5b 4 B g A Sibogw sla Johw Sk a3 > a5 Col pl 15 (5,8) Laus g ool &l glad o], 8 Fuly 43T sae
(1 point) (wigss oo (el (95 40 <utS Jsbo 50 b Joloo 5l 0550 (ko lgo 05 (o yiy

(DA:B=1:1 (2)A:B=2:3 (3)A:B=1:2
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CsH1206 + 60, — 6CO; + 6H,0 (32 ATP production)
S oz
CsH1206 — 2C,HsOH + 2CO; (2 ATP production)
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Tablel
Conditions O, absorption (mL) CO; emissions (mL)
A 0 20
B 30 40

(1 point each) €55 oo o5lgslio i b 42 31 B g A byl 15 i 5 4 5545 Q12-1
(1) aerobic respiration only

(2) alcohol fermentation only
(3) aerobic respiration and alcohol fermentation

Condition A:
Condition B:
$3g o0 gl B Lyl cxi ATP (Wl STz« 0s oy A Ll,s cov ATP Yl 51100 a5l 5,38 L Q12-2
(1 point)

(1)50 (2) 100 (3) 300 (4) 500 (5) 750 (6) 850 (7) 1000 (8) 1200 (9) 1400
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Figure 1 AB
B
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When Carl and Jane have another child, the chance of their child's blood type being B
is| 57 || 58 |.| 59 |%. (3points)
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Choose the correct No. of the reaction stop cycle and the limiting component. (3 points)

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

é) |8 dNTPs

(6) 8 DNA polymerase
@) 9 Primer pairs

@® |9 dNTPs

C)) 9 DNA polymerase
0) Others
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ot 45 s (03120, H) Xylitol 5l soliiwl a5 j0l8 g o s o5 el a5 Streptococcus mutans s st
xylose ;| lacs, S lawgs Xylitol .ogi co ooliiwl oasS oy s olgze a Xylitol sl elass ol 5 5l 6 pSsl> sl g Jo
g e 4l ol son 0 35290

A5 a9 09,5 solitul ()5 e L e 4 Xylose ;1 wlg . Candida tropicalis AT36 wSglos pese a5ge
ol 5 0 5l oS olaws b cenlize Lo ,a5XK s XDH XR (slogs 31 cudlad ay9 opl yo (Figure 1)

CH,OH

OH
OH

CHO CHzOH CH,OH GH;OH
HC—OH Hf—OH ¢=o @ j=o
HO—+H — HO—CH — HO—(|£H ) Ho 4

HC—OH HC—OH HC—OH HC—OH
2-
CH,OH CH,OH CH,OH CH,0PO;
Xylose C5H1005 Xylitol C5H1205 Xylulose ' C5H1005  Xylulose-5-phosphate

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

XK: Xylulokinase
Figure 1

Azl 0 b ools ctS (1 L) ctS lasme 40 ()5 aie lgie 4 ;5915 2,50 g Xylose o5 o 4053381 LAT36 g
4l i sloagw Xylitolods il Gae 4 aslsl o (graph A in Figure 2) as oJg xylitol 5 Y0 sg0>

RESRUW) oé‘dw..fo..\md...afugj)bsow wL.»)J)



O Xylose
® Xylitol

N\ Glucose

0% 10 20 30 40 (h)

€ 4

)
30

20 —

10

1 | (B. S, Ko et al 2006)
0 10 20 30 40 (hr)

Figure 2



(Disruptant A) One of the XYL1 genes of the AT36 strain was disrupted.
(Disruptant B) Both of the XYL1 genes of the AT36 strain were disrupted.
(Disruptant C) One of the XYL2 genes of the AT36 strain was disrupted.
(Disruptant D) Both of the XYL2 genes of the AT36 strain were disrupted.

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)

Graph A Graph B Graph C
1) AT36 Disruptant A Disruptant D
2) AT36 Disruptant A Disruptant C
3) AT36 Disruptant B Disruptant D
“) AT36 Disruptant C Disruptant D
) AT36 Disruptant D Disruptant C
6) AT36 Disruptant C Disruptant B
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S GialesT aS csls o 51, € B slagmisloA  jgudyy DNA gilussilen slo by, 5 Jgol (o590l Bon o
E. cOli slaJskos 31 plaS ;2 45 Lloiatia s 5 SalSsi slooml 15,5 blia b 1, I Vitro Lyl,5 oDNA sjlusslen

IRV RNLE JOR P T P B 2l G LA jauds 0SS5 ciog ool gl Sl

oos oy RNA labad &4 JaeDNA oligS g glarss, S5 Slakad g DNA Jigb g slanss ) G @lakad B ggmisls gl
Dy o adgs JalS (glans ;9oDNA Ll .ssog

Lol 00,55 aslal | (polymerase I) Vo LB (s4ails :R1

ool 00,55 aslal | (polymerase I ¥ 510 LB (ggzisls R2

Lol 00,55 adlsl |, (DNA ligase) ;KB sgiils :R3

DNA Ll .50 00 g5 (5 LwsDNA oligS g (glasn, G lakad g DNA igb ¢ glas, G olaks € ggomiils gl
g ons odgi ol (glas g0

ool 00,55 adlal |, (polymerase ) ) e LC (sgiils R4

el 00,55 aslal | (polymerase I ¥ 51,0 LC (s4eils :R5

el 00,55 a8lsl |, ((DNA ligase ;IKJC sgoeiils RO



Choose the combination of the number that most likely caused the failures of students B and C.

(2 points)
No. Student B Student C
(1) RI RS
2) Rl R6
3) R2 R4
) R2 R6
®) R3 R4
(6) R3 R5
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ps5 o3l a5 Cenl oal ateie 5 el 8,5 18 cw ) 9550 (ke Ol o35 psis e yo Slaiegh Cdphn b
el Sl oy ilizeo o il

Slkee VY B YD fm plilabiny 25T 0535 3500 (63855 pos yiin 30, Saspu 5 Joolu JLSLe b Sl (5 5k«
o Jsb b Soe ¥ g Gl 35 ol i

1) 25 ea Olils psiy
Choose the correct one by number. (2 points) PO AT S £
S S (Jo S

”_‘ ’ ]
Bar: 200 um

Genome size (large - small)

(1) A-B-C-D-E
) A-B-C-E-D
3) A-C-B-D-E
@) 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
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95 sl assbla pesa .o ls wSelus g aSsble >l o Sai; a5 > b o Saccharomyces cerevisiae sl oz
oo 4 a-type 5 A-tyPe slaJsbo o5 Jloj S o 03, Jiis jsb & 45 Casl O-type 5 A-type e oy e
S50 el 355k d sl (13,08 0508 (o) 40 igdi oo b @/Q-tYPE) wdslos Jsho 4 g s ol s i o
5« Be b iy g9 o0 WS oo adgs Jobo JSIs (Q-TYPE Jolu 93 5 A-TYPE Jobo ) jorl Sz 5 035

LEUL g 0dss o5 95 slapm 3l oaisS oS slagys Jle (loie 098 o ailiss SargS B, b atdly g slogy

5 uslgs o 0yl |, LEUZ (5 a5 slaadl g digh oo atdg ...y leuZoleulasl iy slayjg...9 LEU2

5L emg) 9 Julyee 40 0, sl (genotype: a, ura3, leuZ) XY-1A osshle g oS ob;) Guwg) 08l oS Lo

D10 55 agd g (pdwiend 4 03, sl (@enotype: @, his3, leul)XY-2B assble 4w )l
5 XY-1A w40 55l b @/0, ura3/URA3, leu2/LEU2, LEU1/leul, HIS3 /his3) XY-3C asslos aygu

LIS Lsme 5 wiilgs oo yge! Ly XY-3C agges 3l oiel cawss & gl VF+ s 51 o] Cews & XY-2B a5

5,10 3925 o> slapsjeeg,S (59, aep HIS3 g LEU2 LEU1 .URA3 imating type oo cposs slocy;

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

No.

©)

2

3)

“4)

)

(6)

(7

®)

spores

10

20

25

40

50

80

120

150
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DNA aalad G )] [0 a5 o S adl g dgm SO ook olS G 50 04290 APl )5 68,80ee oy J>lye 50
Sl a4 59555 ATl ()5 (6l aysms (0l o5 Ll 51 0gy 423 )18 April o5 9,0 ey L3 KD Jsb 4 (T-DNA)
dal Caws ) SEogs b baails wg, o0

Jlasl >l JSs o950 slo s canl oo ools olis T-DNA o aslsl oS> sapril o5 azas (Figure 1) o
A olS a5l 095DNA ous ools 0is; Jol> slaails .o >k KubgisPCR (gl a5 vas o lis 1) ol ool
8 plowl ot > (slayasly 5l eolitel LPCR s 2] 5lC 4B

Qe o e ApTil 5 6l 1, C g AcB olS as gy (Figure 2) jo oo eols oylis 5,571 J5 5,589,550 ol

28 et |, €5 AcB aggs ans ST-DNA - 3l gl (o225 55 5 (055595 (55098 Conyd oS 3

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

in Strain A, B, and C. (2 points)

4=mm Primer 3 I
| TDNA )|
Non-coding region Non-coding region
I—
Primer 1 mm—p 4=  Primer 2
| ] ]
I I 1
250bp 250 bp B cxon
Figure 1 — intron
(bp) (bp)
2000 | 2000 |
1000 | = 1000 | =
500 | oem  mm — 500 | wm
200 | 200 | — -
marker A B C marker A B C
PCR products with primer 1 + primer 2 PCR products with primer 1 + primer 3

Figure 2



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) | wildtype | homo hetero
(6) | wild type | hetero homo
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ol edalice 5,10 dubs g g, (2 el e, 0,8 A bl Lian bt sla S 0olidl g0 6y S 0 ead caiS ylals

als gy ly g s Jlo cpais Sde a4 llS

2wl (cross-pollination) - $s 4 (self-pollination) li-s45 a4 0B oL ol A

2,005 0929 oL cnl jo 00,5 adgs (@il 5 U5 ) (e bLsyl B

5 Al g plyie 4 dge cnl e i Gla S IFT s ol 3l den i gl 5 (gllo ol 3l (olilags L C
i pamie WWagsos lsie a5 a5 )L o waes

e U5 Al s lsis 4 dgges ol s T oS LISFT s ol 3l aem o T oS (slyls ol 3l >Woss L D

a5 et BB ayss plgie ap g 4285 Sl o

il alBFT s po asis 5 9, 2 el G S o9, 2 SladS syl S8 (iogs I g

s aLFT L s i 5 50,8 6l S jey8 sl U5 slyls o3 >lalogs 5 ey

AW }mLL:F]. S jo u"T 5 s b 5 ¢ an sla 5 lylo ol 8l > Woss 3o

I ® m m

it alFT s o U5 6lacks, ded cajb 4 le Uik sloJS s lo oldl >lidogs 1 ms

b alBFL s o gy o Gla S i sla S 5 of slaJS Gogeel 5l

D5 s it BFL s 5 sk 30,5 oS Lol wscies U5 b o 5 305 U5 b o8 il 3 o
@ g del Cewd 4 ol gy 3,8 J5 L o8l aes ] 0 aS 508 IS Al asge G je,8 sla IS L ol 3l lalags
2 5 I35 sLRR aygu lgie

d5m Olsie @ g onl diad alBFL s ) 5o 4 Jlo (riis sla S L o3l RR asm s BB g (8501 51 ey K
RERPRRCAE ;).

odigh Lol BRWW aygn sEogs 5l JolF2 s 1o 50,8 4 ble an sla J5 L ol 81 asST oz

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

boxes. (3 points)

aolS pl 0 5Ky a4 bagsye slagyy loads a8 )5 Ll oF1 s laie 0 5 (lalogs Bo0l) ¢ sy cpl jo azgs
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g y9 (gan sl SAlS g5 3 0gdle Wigd g0 (goialil dpS 50 D9z 50 sl SLAlSy LSl Bl gl las g

e dsS oll 1 asl asls MPT KYESIN VIV ST ST V) PP S SV L S T ST QT}!

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)

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 (template of mRNA)
F HIV (retrovirus) Single-stranded RNA

Answer group

(1) A,C Q) B, F
) B, C (6) CE
3) B,D (7 D,E
“ B,E ®) E,F
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o pBR322 285 o 1,8 oolaiwl 5,0DNA oS 555 sla ool sl odél pPBR322 coadb 15359 VA ans yo

6L®p.>))—‘ Ja..uy w).v olf.vl} Y’ 45 w‘ u...li....ulju 9 U"'L"“JKSHJ L u.nsl.fbo LSLQU) le)lo 54‘361 bp Jj—"’ L J.uo))‘l.v

el 00 o0ls lizs Figure 1 o aeyd cpl aids .o,ls 00isS dg0

EcoRI
Clal EcoRI 5’-G|AATTC-3’
Hindlll
Clal 5’-AT | CGAT-3"’
‘\ Bamtil Hindll 5’-A | AGCTT-3
\ BamHI 5’-G | GATCC-3’
Pstl amp’ Sall Bglll 5’-A | GATCT-3"’
tet’ \‘ psti  5'-CTGC | AG-3’
pBhaza 1 Sal 5'-GlTCGAC-3’
(4361 bp) / Xhol  5'-C | TCGAG-3"
on Restriction enzyme cleavage sites are
‘ indicated by arrows

tet’ : tetracycline resistant gene
amp' : ampicillin resistant gene
ori : replication origin Figure 1

Q o35 lasmid DP 5 55 2 a5 w05 (b b |y (talel DNA oS 550 (ialejl (bg) 6050k Bas &
ool s Gialesl Jol,e (Figure 2) g 5,1 pPBR322 4 5180 5 00isS 0905 o 51 5l eoliiwl b (plasmid 2)
sDNA axkas (351 cows &y (gl 5,585 250 plomil 5 canslin 00 gm0 3T L Y aeodl bV ey Gy o) al> e
QUP o5

olin oS 3ga5ms w3l L PBR322 5, ¥ b e

sl S g amedly 5051 o 4 sl 555 QL P (5 g5l-DNA aalad Jlasil ¥ al> e

QUP 5 ssoDNA asbld (0,51 oo 4 (612 5,589 2800 plowl 5 conslio 00 90000 @351k 1500 aea Dy (30 F al> e
slin 005 gamme @ 3T L 3l oS g dpe Dy oy O a5

ol s 55 aeodl 2 QU P o5 sl-DNA b s # el 5o



dea iy S5 5o (gilwaiilon lae 50 lojen jpa> Nigd oo ol (b el 4 Cuaglie bawgi S 55 E.COlE gla Jslos

g o ol JulS aaisSgame (slagr] Lasi e sl iy 955 55k o1 5l 5 005 5l wpad als el

. ori

Pstl
Hindlll

Hindlll

EcoRlI

Plasmid 1

Sal

Pstl Plasmid 2 Bglll
BamH
Hindlll
e
Pstl
5 < sl \  EcoRl
BamHl s EcoRl EcoRl .~ Bl
Figure 2 ori : replication origin

A o) S calio 3ily8 sae Jgo ,0 o sols ylis Jleel 5l ailoads asieX-Y GA-l &g 4 f B ol Jlee!

S et | L3S g0 oS S g dalad

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)

A: Cleavage of plasmid 1 with EcoRI and BamHI to obtain a DNA fragment containing gene P.
B: Cleavage of plasmid 1 with EcoRI and Clal to obtain a DNA fragment containing gene P.
C: Cleavage of plasmid 2 with Clal and BamHI to obtain a DNA fragment containing gene Q.
D: Cleavage of plasmid 2 with Clal and Sall to obtain a DNA fragment containing gene Q.

E: Cleavage of plasmid 2 with Clal and Xhol to obtain a DNA fragment containing gene Q.
F: Cleavage of pBR322 plasmid with EcoRI and Clal

G: Cleavage of pBR322 plasmid with EcoRI and BamHI

H: Cleavage of pBR322 plasmid with Clal and BamHI

I: Cleavage of pBR322 plasmid with Clal and Sall

X: Ligation of the DNA fragment containing the gene P with the cleaved pBR322 plasmid.

Y: Ligation of the DNA fragment containing the gene Q with the cleaved pBR322 plasmid.



oo sols yLzs PBR322 ol @ g0, cslo s &0 Y=\ J>lye 5145 Jol oS 59 o db g adgl pPBR322 ooy 1aso5

Step1 |[Step2 | Step3 Step4 |Step5 | Step6
1 | A G X C H Y
@) |cC H Y A G X
3) |A G X D I Y
4 |D I Y A G X
) | B F X D I Y
6) |D I Y B F X
(7 | B F X E I Y
@® |E I Y B F X

Ry
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338l G el gyl ygudis Vo Jolao Ly ja5 ae cpl aS o jlo |y o Cowgel olawd o piin il dole O > lowess

ey g5 5loj 50 Ggrkee ¥ Loy B abe talS e

N W A O o o~

}
AN >

Number of germ cells (X10°)

-
4 '\‘“—“ -

W 5l ow ole olaws Agi 5lam sla Jlo

<B>: g <P Sl <l Sldl e

(0305 3,50 ,0) .0uS aseine ) p5 sl o 135 51 Gy (V) (cw,ob b (V) ow,0 Q23-1
| ML‘:‘ u..@lf ZV‘ ‘.\.’wv BY °)5°bew55‘ 45...:‘4.:4}9.’[:..\]9_\ uLA)l)l)‘) Lng J}Lu Sl

(0305 1) oS bl JB sl 0,5 5 slp 1y oae i ) sle 4 S o 51 Q23-2

b oS el b5 sl Jsbo 5| 5| a8 s oo (6 NS Ko 3,3 65,k 095 Jsb o 4 als Comssl laws

) 0393 043} J)L..o

(1)0.001% (2)0.01% (3)0.1% (4) 1%
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[ 73 J(o,ei V) oS bl ) sl 0,3 oy 51 1, allee ol e (sl alosr oy 55 comslin
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gl Comaggl 3 (509505,5 G il Gloj 05§ (Vs ()
gyl 4o 3 lailinl pué slo Sgs od yi (3)

la el (transformation) ss5 5 (4)
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Ventricular

Figure 3
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< %25 (Endochondral ossification) 3g,a¢ 9,8 (s5le olgenl b 4y sanld b ollaibaw o la sl i
oo gome gl il Lot T iy ey 5 s oo U5 |, cdSul gl ads) o) ol o Bepad yolie anld o s
o ol 1) ige aily lgseial Sy (B9yad (500 3l plezil wnld I slad ) gl Vb S 10 WS e niSilr
Oyl s B 5 A slo o5 Loss of funcion L Gain of funtion Lyl s o anld ol (JSo ol Cand [0 uizred oS

oS 2y Jgoz 50 ALY la an3F 5l akies Lo cdSl 585 anT g 0 B g A 5 90 ,o el oo ools ylis bge il
(005 ¥) oS bl By A sl» 5 :s 3 Endochondral ossification sl ol 1,

Wild type Wild type Wild type
Day14 Embryo New born Adult

Cartilage
|:| Mineralized bone

Gene A Gene A Gene B Gene B
Gain of function  Loss of function  Gain of function = Loss of function

mutant mutant mutant mutant

= -

No cartilage,

No bone formed

1
I \
I
|




Choices Gene A Gene B
Cartilage Cartilage- Cartilage Cartilage-
formation bone formation bone
replacement replacement

(D Not required Promote Required Promote
2) Required Promote Required Promote
3) Required Promote Required Repress
4 Required Promote Not required Promote
%) Required Promote Not required Repress
(6) Required Repress Required Promote
@) Required Repress Required Repress
®) Required Repress Not required Promote
) Required Repress Not required Repress
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Figure 2
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Table 1
Allele frequency (%)
Genotype of CYP2C19 | Phenotype Country
*] *2 *3
*[/*] Extensive metabolizer
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*Q/%2, k2/*3 *3/*3 Poor metabolizer
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Japan 27.7 49.9 22.5




(oyos SSD U A 51, 50)

SealaS a4y Jsl al> po 53 s (o i 009 pselinl 1 5 30,5 oo e plas | (STt Dpgo w85 gla gyl A
fanlee JUsl 05 slo a5 5

Sl SBexl s 1

s .2

(ol ooy I3 .3

oS3 4

S, 039, . O

ez omeprazole g)ls S by Sow o5 oligS a4 Sl yley Gae o yiden 5l a5 ols olis gl an ;S elas’ B

el Tuoeo QL:w o‘) )‘ 0L

(2) *1/%1 > *3/%3 > *] /%2 (1) *1/%] > *1/%3 > *2/%2
(4) *3/%3 > *[/%] > *]/*3 (3) *3/%3 > *]/%2, > *] /%]
?.\;5 o Sl ot Wl sl omeprazole oS sie aes Sad i gyl o jeiS plst C
(4) Japan (3) China (2) France (1) Sweden
Omeprazole 51was lis 5l 3 o5lail 4 CYP2C19 5 SNP cle o Clopidogrel ;420 )l ;0 51 D
Seusls oy oo ,Wal Clopidogrel il cly ol ames 4z (oS 3| g5 s)ls pely s,
XS oo i |y L1
3,005 31 w86 .2

;macsag;@LYl))S'l.B



Sl

Q29

BT L sl p3¥ Js! 5l al> o du s b Ll drol> 0 ol al> 1o 4 ZOONOLIC (5l o aSST 51 i

Gl 2 sl e sl ale (el iz il (oo 45 wed o g g 5l (895 1 ug g UgysS () o)led pga).aten

V) (08 Dbl 1) oo slo o135 51 (S ) Samo o Gl A ol e g g Us)sS (55 515,555 plas’ Q29-1

p"'A m

Natural reservoir . Human Pandem|c in
X human society
\ ’ f
N B ’
U4
»
v ™ |
Intermediate host Figure 1

Sl 0als ablol oS b g g po5

s,ls (proofreading as Mol slo gl ybjue ;0 DNA (g5luasilen 0l 3

ool S350 s RNA G 6l psis ol

s,ls envelope g9

(o yod

o o T

ol 00 (500 s (POLYCISEIONIC) Sy diz S5 ankad wix L pgsy €

(D a),b) (2)a),c) (B)a),e) (4)b),c) (5)b),d) (6)c),d) (7c).e) (8)d),e)

Sl | o sl 0,135 51 S5 So,ls e \lie BY g B (sla al> o o JUl 4o 5 sla o155 51 Sslas” Q29-2

[90 J(oyms V) (ais

S o0 B e b e Olsee Glie @ o AL )0 (5)le
Dgd oo law RT-PCR jloslatul b jle G slo olas g9dan ;0 o ugpg Ug,ss 5l g95 pai b

Aues (Nocturnal) o e plas gle 4365 51 gob; olaws €



(Climate change) Jls» 5 ol &lss 5l b Jase olpss d

WS el Dl ) egiie glo AT 5l las 5l goly oo €

(D)a),b),c)  (2)a),b),d) (3)a),b),e) (4)a),c)e)
(8)b),c),e)  (7)b),c),d) (6)b),d),e) (5)b),¢),d)



2L

Q30
ol 3 e SlS sloS 05 5l e (Amaranthus tricolor) s ws,s zb 5 ool 5, a3zl ol
Sl 51 S 52 5 s 50,8 a5 i 5o sl S pr iz S o0 508 SLS 2 St 4 g9, by sl U bl
IS 508405 oS LSCid 5l e 30,8 MlS (slacS p cplol ju el ooy oS5 003 30,8 slbolio § 590 jum (3blie
B 5k 4 50,8 Sy JSis loj wiloige (Bl 5 (g oS 0l 550l 5l Gt S 2 Sy 8! @) S8 5,8 e

(b)
(@) 100 f
a —_~
| 8L16D,
v,
12L12D
\ 3 o
8 2
9 40 |
7 o 14L10D
J 20 +
6 o)
B\
4’ 25 16L8D
\3 14L10D
2 20 r
/ 12L12D
1 3
% 15 |
% 8L16D
v 10+ 7L8D1LSD
3
s -
0 -A A A A A A A A

0 10 20 30 40 50 60 70

BEBES EENE SIS YY)

s

slael .ol oads oolo coiS asclu V2 ‘;.l)bjul.w/\)y .L:,..lj..i;)ocxfo)’”% oL.qu;J o..\..i':c.'aé ‘_ngj).’ C)"" @)

Owd a8lu &59-1 [ 4)[.: )‘ j)_v Cod “yo owoul.w



VE (SO0 el A g el V8 s slacdie) Wi ools cuiS aielw A (SG,6 g axeln V8 o0 j0 LS (b)
Sl cell VY /g8 el VY (S0l cels Ve jei el VE L slacdin) (SO0 cels V- 98 el
Celw VP e celu Al sleo lo) (SO0 celu V8 /90 el A (SO0 el VY 98 el VY ay (sloo 1)
el ) (Sob el A g celo Vo5 ,58) (SO celw A g celu V /(SO0 celw A g celu VL (SO0
S 08 S S Plas a5 wiiie LS €GeS sl Glaldy Laal sols canS ((SG,6 celw A g

A2 o lid |y aig o Sy S sl Sl « 55 (IS slawi» s ls

s.\.uS w).a ciloods wlf&oyprbIﬂ ).)ds‘) °}j) Y. uLﬁbLj 5LQQT).A)5 le.ﬁbgf).‘

| 91 |>] 92 |>] 93 |>| 94 |>| 95 |(3 points)

(1) 16L8D
(2) 14L10D
(3) 12L12D
(4) 8L16D
(5) 7L8DIL8D

adgs Bl 5 S S p )0 oo pos Ll gl ;0 508 S sl X sla JUSKw 3l (S g aS cpl 23 L YT
Sy 6Nl zog Slp ) a8 90 Wigd oo Jile gwl) Al A Soog pgid aalS o laii b el 4 5 wigd oo

iloads 48§ Jai 10 10,8 gogax U sla S

e @ S 308 S5 sl X lagiSm 5l s il 4 5L (S pgrsge ) (S 2 Ol 8 590 Send ]
D10 SH0 5 Caawd 5L 0490
g oo aTRie SUSH Ceomnd | 045 Lg}_:.nkis) Sl 590 Cand (5 pgs yan 0y Job jo I
(o, ) faied ooyt Sledlbl 5 slo (alesl 51 S5 plaS a2 ol (e led 6

ol 59) Sl Celu V8 g el A o9, o asls (335 Wgm 3l e g (59 035 S 2 S, slagSIl w2 (1)
o b celu A joi el VF Lojg, £ aly

69y S Sl A Lo el V8 059, P+ anld 05 Wiy 5| ey 4ald (59, 00B S5 036 S5 slagSIl w2 (2)
uaj")l" celw VP )93 g';\.cl.m/\o)‘s)?' 4.;[.; oLQ‘

el V8 joi celw A Lyll 5logg, £ aold 405 Qg 5l s 4eld (g9, ool JSid o3l oS slo gl o)y (3)
Sl celu A jgcelw Vbl s 4 SOL6

el A joi celw VF Lyl s 5logg, 0 aold 405 Wigw 5l s 4eld (g9, o0l JSid o3l oS slo gl o) (4)
Sl celu V8 g celw A bl s 4 SO6



2L

Q31

o Jokw 3l (0« Xgd oo 00ld 0 cuisS L Jols o900 Physcomitrella patens o sl Ligigp 45 oK

(152 53 o s Lo gisials & o5 at00 o S5, olo >

wlolis e Lo ;0 Ligigp ot 3l ey nieS g 5 ST Lol e 595 8LS (50 )50 d (ol lal jo cutS aisee

5om.\iazdwlaw1owooledw2J&&)oﬁsmli‘wojloou@ll{‘wwﬁslb)eLo.§5.’;5),§‘.x:.ga\b)n)o

855 )8 (s 2590 e ()0 sz ST baee 4 (et S gt b5 ST 09381 315 050 oo atils 4SS o

(1 Jgaz)

b ST g9l Jamme ¢ (5090 51 (g)le e 4 cims ood ST Al el bl il j0 a5 X Al i sle Ligig
& dle S g b ST 0938l Ol 3T L wiald sols et S laore Jold (yguy g oo zedls S g s

spore .
germination
L-==~._ bud
e
\
C= =
protonema
gametophore
Figure 1

Part of the lifecycle of Physcomitrella patens

(A Jgoz) oS oy |,

fresh medium

mesh
\ / protonemata

waste medium

Figure 2

Apparatus for keeping the medium fresh by
continuous medium exchange



Table 1

Genotype i\f:s;ﬁfgne Addition of auxin ii::;i::lr?f Bud formation
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).| 97
(2 points)

® The wild-type protonemata secrete ( A ).
® Auxin sensitivity is (B ) in mutant x.
® Protonemata are more likely to form buds when their growing density is ( C ).

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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Table 1 Bending (o =) of fruit valves after various treatments and in various conditions

all layers combined

outer layer only

inner layer only

living living living killed living living
air water 4 M NaCl water water water
+ ++ . . (oud gox Jsb &0 -
o). (unchanged in length)

++, strong bending; +, bending; —, little or no bending.

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

(3 points)

® Higher turgor pressure leads to (A ) bending of a fruit valve in C. hirsuta.
® A shallow cut (3«c o5 _3,) made on an intact fruit valve of C. hirsuta inthe (B ) direction

would cause the shallow cut to open immediately.
® The outer layer cells of fruit valves of C. hirsuta are ( C ) in water as compared to those

in air.
A B C
(1) increased longitudinal narrower and/or thinner
(2) increased longitudinal wider and/or thicker
3) increased transverse 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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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.
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Tube #3 T A A ATATOCOCCATATAGT A G C C
Tube #4 T A T A T T T C G C AT A AT G T T G G C
Tube #1 Tube #2 Tube #3 Tube #4
(1)  bottlenose dolphin bowhead whale pigmy hippopotamus water buffalo
(2)  Dbottlenose dolphin bowhead whale water buffalo pigmy hippopotamus
(3)  bottlenose dolphin pigmy hippopotamus bowhead whale water buffalo
(4)  bottlenose 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
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Nucleus
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(1) (a) cyanobacterium; (b) green alga; (c¢) ancestor of chlorarachniophytes; (d) ancestor of
chlorarachniophytes.

(2) (a) cyanobacterium; (b) green alga; (c) green alga; (d) ancestor of chlorarachniophytes.
(3) (a) cyanobacterium; (b) cyanobacterium; (c) green alga; (d) ancestor of chlorarachniophytes.
(4) (a) cyanobacterium; (b) cyanobacterium; (c) green alga; (d) green alga.

(5) (a) cyanobacterium; (b) cyanobacterium; (c) ancestor of chlorarachniophytes; (d) ancestor of
chlorarachniophytes.
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Number of Average number of
their own offspring produced by each
Females offspring Number of siblings | sibling
Genotype A 12 3 7
Genotype B 2 8 12
Genotype C 8 4 6
Genotype D 9 6 5

g S 03lo 0015 plod AT WSS (B 38 .S i ) A i o35 (direct fitness) pudioe Ko L Q43-1
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(1) A>B>D>C
) A>D>B>C
3) B>A>D>C
) B>D>A>C
(5) C>A>D>C
(6) C>D>A>C
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(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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