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ZEME KR¥EE BERE (RAR) FEORERE

BOA anleis

(13 & 1 4#H)

[1] BRI T, (60 )

X 51T, 2]~[9] oFr s 4 BEBERLTEZRI WV, (% 35 K)
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ZEME KR¥EE BERE (RAR) FEORERE

ORI

(13 e 2 4 H)

KD 20 DFEEDOHNS 4 FBZEN, ZRFNFHAT X,

(1) PCR %

(2) arr

(3) (&)

(4) (&%)

(5) (&)

(6) (H%)

(7) (1)

(8) (W&, LLEZEW¥HIGE
(9) 71 7 —EH

(10) EFDA

(11) (B%)

(12) (#%)

(13) (#%)

(14) (B

(15) (#%)

(16) (W&, LLEEFEHEER)
(17) FmEEEIE

(18) FHIRBEEK

(19) (#%)

(20) (W&, ML L1EHAENEHRE
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ZEME KR¥EE BERE (RAR) FEORERE

ORI

(13 b 3 #H)

z O f(z) = e -logz IDWT, ZDH n KEMEE ) (2) L h <, UTOMBEIREZ o

(1) (), fP(2), kD &k,
(2) EQOBE n ITOWTU T OHERAL D 10 2 & ZEIE &,

T

PR ) = () + 5 (5

dax™ \ x

(3) f(2) BH1DELNTTAS—REEL. (x— 1) D ARDEETEDT, (2) DEREANTD
X,
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ZEME KR¥EE BERE (RAR) FEORERE

RO e

(13 # 4 ¥ H)

74 TRIEERORS L EFOZEPHIONT VWS, GH5B7 74 7<iFhSHXeYZbD, n
HEIZZD7 7470056 X, Y TRIMREZ ZNEN 2,,y, &5 D0 2x 2175 A ZHVTUT

@IC%P%‘K_ 6ﬂfb\é Z 3 60
<:):n+1> | <xn>
y7l+1 yn

A— (0'8 0'3> rF B L E. ROSMICEL
0.2 0.7

(1) ADEHM A, N &, ZHZNOEHMHET 2 KEX 1 OEHRY ML vy, v, £ LD &,
(2) BEEHNXZ PLOEHEEIC L > T, 1 HHOMER r1,y1 BB

<$1> = kiv1 + kovo
1

Zi"%éﬂét?éo po)t% 2EE®%+$2,QQ X

i) i)
=A =kA koA
<y2> <y1> 1AV1 + kg Avg

YRING, TEOITH X ZOEAEMENBITEERZ bl old Xv = v 2 WS EXEHE
TIEIWHEELT, <$”> % ki, ko Zffio TEDOYE,
Yn

xT

B) n >0 DL E, ( n) DICRAEZ KD &Ko

Yn
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ZEME KR¥EE BERE (RAR) FEORERE

WO Y

(13 #Hh 5 #H)

DNA — mRNA =& > 78 v W3 BEEROFINE

W95, DNA &

HOX VAT FPREGLEWETH 5, DNA Z, #MIEATEICEHFET 525, #MlNFETH S

(c) ()
Thob, X
ERE LY
) | zheiucsLiT (g
w5,
ROBINER X,
(1) FEH (a) 25| (g)
2 pNAA (o | # @

bR &K,

(3) XV HEDLHTE 1OBIF. ZOMAER R X,

WHTEET %, mRNA X

(e)

HEOX 7 L AF FH

WA B b Y LRE £ 7213 T 2Rl .
WKHHFET 2 e b TSN, MBS 5

aLi-YE

URVBETIVBPEESLEYWETH B, mRNA A S & Vo7 BEHINOBIFRIZ. &
IR BB T — TV E DT TN S, EENEEESRIE. 3 OD0EROHTH S

FBHEO7 I VBEEEIE (D) DED HTHNT

(4) DNA ¥ mRNA QB0 RERWETH 20 ? ZOHEELHE 2T, DNA £ mRNA O
oW TZENZENE Y,

(5) DNA - mRNA =»& ¥ 7 H W5 RIGHHE Z 2 DAATE RNA 7—L Fewd RNA Do EHC
BHEDD 572D TREZVP L WVIRHDD 5, ZORFDRME 72 2 FE% 1 DB &K,

(6) BEESRIZINTOENTBNTEHTWS, ZOFEEIrLHESND Z bR EK,
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[5]

ZEME KR¥EE BERE (RAR) FEORERE

WO Y

(13 #Hh 6 #H)

DFBREFZDOFRCET 2 UTOMICEZ RSV,

(1)

(2)

(3)

(4)

(5)

LT D a~f O#fEE, WEYIOYNIEN S5/ & DNA 2T 2 FIEERLTWS, FlO LS k#E
SR CIE LWIREFIRICNE 22X W™ (il ta—>f—>e—>d—>c—b)s

a G L7HEEL T DhORT,

b KZEMZIEET %,

c TR/ —NVEMZEET %,

d #HOTHEL. FEBAREZET 5,

e FHEEMFIREFT PV Y LREDA - B REMZIEST %,

fEOLDEEL, FEARZEINT 2,

77 5 DNA Z88 DNA © LT, 2B TFDEZ 200bp @ DNA ##HE . £X 400bp @ DNA
HIHZ PCRIEICE D, 22O F 2 — 7 THEIEL7z; PCRYA 7L LT, A BD2i#
DZHWV, EH55D0RIIHLTS A BZlOF 2— 7 CTRIGEE, % DNA ORIZE D
Fa—7THRILE Lz, 512, HlIF 2 —7WBWT, % DNA ofUb b IkEEKE AL b
MW, oK IZZOMDF 2 —T e L, BDPCR YA IV %EITo7, ZDRE, 500D
PCR IRz 1572,

<PCR ¥4 7L A > <PCR¥4 7L B>

ZFyF1: 95°C,1%) Z2Fv 71 95°C,1%

2FvF2: 95°C10# 27y F2: 95°C,10F

2FvF3: 55°C,10 0 ZFvF3: 55°C,10F

AFyF4: 72°C10 0 27y T4 72°C10 0
AT 7 2~4 [\% 15 [\ DIRT, AT 7 2~4 A% 20 [E#E DR T,

PCR V%R T 2720, 7HR—AFVEKIKE 2TV, K LR TEKENGEEZE2, DL —
Y THERD PCR EVMDIKE X7z,

BONEBLIKIED 1~4 DEL —VIZBITF % PCR EYOEZ (200bp ¥ 7213 400bp) & FEli
L7 PCR¥A 27 (A 7213 B) 2&EZ7EW,

(2) WRTESIKENGRDO L — > 5 Tl 5% DNA Ofb D ITHEKE ANT=D, Z DDA
ZoMOL - FAUTH% PCR RIS ZIKEI Lizce ZD XD BEEELITOER LoERICO
WTHE L 72 E W,

T4 —%HZEEE L. 300bp DE XD DNA fEBICOWT (2) IZRL7 PCR ¥4 7L B
T PCR MIBLERIKEN R To728 25, EoE D LNy R2H LT, 200-500bp kI
ERT Ny KBz, BWO PCR EVER27-H12iZ,. PCR A4 Z LBV THIFRHD R
T TEEDIIIEZDLE L VWEEZLNEEFHL IV,

DNA #iliti 3 X & DNA O BXIKEI O FEICHE L TS T3, DNA OMWE ZHHH L 7%
W,
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ZEME KR¥EE BERE (RAR) FEORERE

ORI

(13 #rh 7 #H)

1 BRUKENR, M il Xz — > Tlid. 100bp, 200bp, 300bp, 400bp, 500bp DE X D DNA WA
DIREEEINT~—H— DNA ZkEI L=, WKENZ. L—YDBEDRRINTWARFILD Ll <4 F &
Wi, TS5 ZAMTIT - 72,
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ZEME KR¥EE BERE (RAR) FEORERE

WO Y

(13 b 8 #H)

K1BLU2D6 20 RNAEHEFANEX, b bPavEYREELTE300auF Y 4 LARH
(SARS-CoV-2, Bat-CoV-RaTG13, Bat-CoV-BM48) %/ AEFID 55, HEMEREOZEA L
FETEIANR IRV ERZA— T2 SEIETE. VANLVAT ) LERETEIXIVA AT PR
YU BEaA—- KT NBEFIZOWT, RFEMTHRAZR &S 24 EE) 2a PRl Tw
%*,

® 1 BRMCBT 5 S BIETO—HED DHECS
SARS-CoV-2 5’-GGU AAU UAU AAU UAC CUG UAU AGA UUG UUU-3’

Bat-CoV-RaUG13 5°-GGU AAU UUU AAC UAU CUU UAC CGU CUC UUU-3’
Bat-CoV-BM48 5’-AGU UCC AAC GAA UUC UUU UAC AGG AGA UUC-3’

2 BRHICBIT 2 NBIET O—H7 DALY
SARS-CoV-2 5’-CGU CGG CCC CAA GGU UUA CCC AAU AAU ACU-3’
Bat-CoV-RaUG13 5°-CGU CGG CCU CAA GGU UUA CCC AAU AAU ACU-3’
Bat-CoV-BM48 5’-AGA AGA CCG CAA GGC CCU CCU AAC AAC ACA-3’

I B DEHNZDOWTLL T DORICZE X Ko

(1) 6 5D RNA SEEFHIHAZ > 7 EICHREINZ L, Zh2hE DX 5K 7 I BEINC R 2h%
BRBREWV, 1120, e bRavEVIWEELLanF Y 4 LRADBRTFIE, R 3 ITRTERE
BRIEVIEICHRE N2 b DT 5,

(2) BT iz, 2 00FRMM (il x1F SARS-CoV-2 ¥ Bat-CoV-BM48) DAHFELS D Lk T15
bhd, 73/ BEHE BREHE. 73 BEHRKEERELETEH M (73 BEf:
BEEBEE) 2RD, K40 (a)~(r) 2HDEZ I,

(3) (2) THRLNER 4 DREICH D E, ELOBIRNOERIN DS 2 2lhRIZE W,

*1 SARS-CoV-2 13, b F2fEFE L L COVID-19 XY F 3 v 7 25| %2R LR WHICERI N2 RLTWS) T
H%, Bat-CoV-RaTG13 E7 P 7WKAERTZavE) 2EF L 5%, Bat-CoV-BM48 ¥ —u v IZERTZay
FEVERBELTEIRMTH 5, 11/41



ZEME KR¥EE BERE (RAR) FEORERE

BOA anleis

£ 3EREEE, KEDEALFDT7 LT 7Ry ME, —XNFICE37 I/ HBOKSTH 5,

2EBBDIER
U C A G
UUU | F | UCU | S | UAU | Y UGU | C U
| UUC [E | uce |8 | uac Y UGC ¢ C
UUA L | UCA 'S | UAA STOP | UGA STOP | A
UuG L | UCcG 'S | UAG STOP | UGG W G
L CUU L | CCU P | CAU H CGU R U,
& | | Cuo L joce PoAC W CGC R c| &
o CUA L | CCA P | CAA Q CGA R Alg
2 CUG L | CCG P | CAG  Q CGG R c|g
AUU 1 | ACU T | AAU N AGU 'S U
A | AUC L |Acc [T aac N AGC 'S C
AUA T | ACA T | AAA K AGA R A
AUG M| ACG T | AAG K AGG R G
GUU V | GCU A|cau D GGU @ U
¢ |cuc vcee alcac D CGC @ C
GUA V | GCA A | GAA E GGA @ A
QUG V | GCG A | GAC B aeG @ G
% 4 MRRAIO H
7 3 oy | ey |7 PR
LB
SARS-CoV-2 & Bat-CoV-BM48 (a) b) (c)
SARS-CoV-2 & Bat-CoV-RaTG13 (d) e) f
Bat-CoV-RaTG13 & Bat-CoV-BM48 h

N = | N o

SARS-CoV-2 & Bat-CoV-BM48

— |
. o
~ |

~~ |~

)
)
)

SARS-CoV-2 ¥ Bat-CoV-RaTG13

B

O

Bat-CoV-RaTG13 & Bat-CoV-BM48

—~ |

)
r)
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ZEME KR¥EE BERE (RAR) FEORERE

WO Y

(13 #&h 10 % H)

UToMicEZ Ko

(1) D2AERND 2LV A £ BZ2EZX 2, A OFELH B OMEEBIEN (2 L TEESZ 5

(2)

FEA->BZ, LTOXSWC3 T LI eNTX S,

+ FADPNWZr., fEB OREEEEMNT 5

0 fE A OFEIR, BB OEFBICERIHE LW

- FEAPVZEe, B OEEKELEDT S
HMBICHADNGZZHEB > AROVWTBHFAKTH S, - A3 A B 2 iR 586%
EEZLe, MAPVLZEEBIXHAEINTEPTZ2OTA->BI “--7 B2 VWS LA
BHREEZBTEHETEZI2OTB AR “+7 THb, LUTOZM (a)~(e) IXHTIEF 2L
(. 0. —) &3,

Bt A—-B B-—A

A2 B 2R - +

A 2HE B DFECEE D S - THidr — (a)
A 2 B I2F4E (b) (c)

A D B I FIEE (d) (e)
A B A () ()

ik 2 oK (A fEB) 0 BRI LEIGEEBIFETH D, BOARDEEBNZIEFEVWL S
LD, ZHDPVWARDEEBANZIZIZHOL BIELAELTWS WS, K312, HEDIIERIC
K7z 3 DDE 1~3 TEAHRHE L ZHEFAKD L BIELEDO D E RS,

B AWARWE 1 ofE A ARy, A DPWRVWE 2 Of B EEED L BIELEDSHICKE
REWIR L, Vol HENSFEAET2E 3 TIEEA BB OV BRI LEBRRELDH D X5
HRD, bbbl 3 THEIENMLL., ZOK%. BB OANE 2 RALLERET 2, RA
#B., TOEIREREDFED LI REMDPEB ISR I -0, K3 %D ICERE X, infl
JEBIDIE L X 23l S %,
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ZEME K¥EbE BLifE (AR FImERE
WO Al

(13 % 11 ¥ H)

>

Y
w| s
il : |
{iél : :
o :
Z — (BIFLE
W s
il |
fiEl i
b |
H — (BIELE
5%3
W :
il ;
fisl :
g i
> {(bIFLE
5cm 10 cm 15cm 20 cm

X 2

3 K BIXLED A

14/41



ZEME KR¥EE BERE (RAR) FEORERE

ORI

(13 #h 12 H)

ROERINTE 27280,

(1) n ZIEERERK L T2, BB sin(z) O n BIEDZRDIZI WV,

(2) sin(z) OFEREAD DT A 7= f(z) ZRDIZZ W,

(3) f(z) ® x™ DHEDFEEE C,, £F %, Cp, ZHAWVT Cppe R,

(4) f(z) DB n ROEETEZH VT sin(z) DIELUEZFE ST 2 70/ I akidb Lz v, &b, &t
B 277 A05EiRicid, python RE¥ED T 7T IV /FEER, RT3V EiE. IR
7' rEEFRGLIE (Problem Analysis Diagram, PAD) R ¥ % HWT LW,
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ZEME KR¥EE BERE (RAR) FEORERE

WO Y

(13 ¥+ 13 ¥ H)

ROEBWVICEZ RSV, BB, B0 7 J 205 IZiE, python REDTurF I v 7 FRER.
Bl Te T I v FiE. Tu T aEEREE (Problem Analysis Diagram, PAD) 7 ¥ %W T
X\,

(1) ZXOBEE f(ro,21,...,2q-1) EAHE T 27077 02t Lk, MEO5I ¥ 2o, (@ =
0,1,...,d—1) FEHEA x[d] TEABNS, FEBEIE exp(), IEXBIEL sin(), “FIiR %2R 3 BEEL
sart() @ 3 EEIE SR 5N TW2 0L LTHALTE Y, $7. i a,b,c dFH52 5N
TW3HDET %,

d—1 d—1
f(xo,x1,...,24-1) = —aexp (b xf) — exp ( Z !Sin(cxiﬂ) +a
i=0 i=0

(2) Fo =T =2 BH) 1, F17. . ZLTRORHTHEN/Z3Xx3D9ID2DTRY 7D
ZNZC L 25 9 OFEFE LETORELRTIER SR (K4B8), 207 —LDRE
DA buf[9][9] THA SN TWR L E, ZADELWRETH 20 ELEHET ST 0r 7 L%
AEtE Ko

ISR
ISR

M4 FoN—TFL—ZADIx9D<vRH
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Exemplar of the Entrance Examination for the Masters’ Course

Mathematics, Biology and Computer Science

Question [1] is compulsory (60 Points).

In addition, select and answer four questions from among [2] through [9] (35 points each).

17/41



Exemplar of the Entrance Examination for the Masters’ Course

Mathematics, Biology and Computer Science

[1]

Select four of the following 20 words and describe them.

(1) PCR method

(2) Codon

(3) (omitted

(4) (

(5) (omitted
(
(

)
omitted)
)
omitted)

(6)
(7)

(8) (omittted, this and the above are biological terms)

omitted)

(9) Taylor expansion
(10) Normal distribution
(11) (omitted)
(12) (omitted)
(13) (omitted)
(14) (omitted)
(15) (omitted)

(16) (omittted, this and the above are mathematical terms)
(17) Logic circuit
(18) Recursive function

(19) (omitted)

(20) (omittted, this and the above are computer science terms)

18/41



Exemplar of the Entrance Examination for the Masters’ Course

Mathematics, Biology and Computer Science

2]

For the function of z, f(z) = e -log z, the nth derivative is f(z). Answer the following questions:

(1) Find fM(z) and @ ().

(2) Verify that the following equation holds for the positive integer n:

O () = FM(2) + d" (ew>

dax" \ =

(3) Use a Taylor expansion for f(x) around point 1 and multiply by the fourth order term in (z — 1).
Equation in (2) may be used.

19/41



Exemplar of the Entrance Examination for the Masters’ Course

Mathematics, Biology and Computer Science

Raccoons are known to have multiple dens. A raccoon sleeps at either of two locations, X or Y. Let
xy, and y, be the probabilities that the raccoon will sleep at location X or Y on nth day, respectively. We

assume the fOHOWng difference equation,
<$n+1) ] <$n>
yn+1 yn ’

where the transition matrix is
A 0.8 0.3
—\0.2 0.7)°

Answer the following questions.

(1) Find the eigenvalues of A, i.e., A1, A2, and the eigenvectors with a length of 1 corresponding to the
eigenvalues, vy, vo.

(2) The liner combination of eigenvectors can represent the probability of the first day, x1, y1, as follows:
T
< 1) = k1v1 + kovo.
A

Thus, the probability of the second day, z2,y2 can be written as

<.%'2> = A <x1> = k1 Avy + ko Avs.
Y2 n

Express (xn> using k1, ko. Note that any matrix X and its eigenvalue A and eigenvector v satisfy

n
Xv = .

Tn

(3) Find the limit of ( ), when n — oo.

n
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Exemplar of the Entrance Examination for the Masters’ Course

Mathematics, Biology and Computer Science

The genetic information is transmitted from DNA to proteins through mRNA. This transmission

is called

(a)

(b)

nucleus of eukaryotic cells. In addition,

possess DNA.

(¢)

()

and

(d)

kinds of nucleotides polymerize DNA. DNA generally exists in the

, which are members of the organelles

kinds of nucleotides polymerize mRNA as well as DNA. Proteins consist of

amino acids. The translation of an amino acid sequence from an mRNA sequence is conducted based

on a genetic code table. The standard genetic table links

nucleotides, to

(2)

kinds of amino acids and stops

Answer the following questions.

(1) Fill in

(2)

(3)
(4)

(a)

(2)

(f)

®

, which is a combination of three

with the most appropriate words and numbers.

()

and

(d)

such stability.

(5)

Provide an example of a protein. Describe its function.

Describe the hypothesis regarding the evolution of cells, which is suggested based on the fact that
DNA exists in

Which is a more stable material, DNA or mRNA? Describe the role of DNA and mRNA based on

In the hypothesis “RNA world,” a self-replication system consisting of mRNA can be dominant

before organisms acquire the genetic information flow from the DNA to the protein through mRNA.
Describe one of the facts underlying the RNA world hypothesis.

(6)

21/41

The genetic table is shared among all organisms. What can be predicted from this fact?



Exemplar of the Entrance Examination for the Masters’ Course

Mathematics, Biology and Computer Science

Answer the following questions about molecular genetics techniques.

(1)

(2)

(3)

(4)

(5)

The following operations “a” through “f” describe the procedure for extracting genomic DNA from
young leaves. Rearrange the letters and show the correct operating procedure, as in the notation
shown in the example a > f > e —>d —> ¢ — b.

a Grind frozen young leaves.

b Add water and mix.

¢ Add ethanol and mix.

d Centrifuge and discard the supernatant.

e Add a solution containing a surfactant and sodium chloride, and mix.

f Centrifuge and collect the supernatant.

You conducted PCR reactions with genomic DNA as a template, and amplified 200 and 400 bp DNA
regions of a gene using two PCR cycles, A and B. You conducted PCRs for two regions in different
tubes and used separate tubes for the two cycles. You used the same amount of template DNA
for all reactions. Furthermore, you conducted an extra PCR reaction with purified water instead
of the template DNA (the other reagents were the same as in the other reactions) and cycle B was
applied. As a result, you obtained five PCR reaction solutions.

< PCR Cycle A > < PCR Cycle B >

Step 1 : 95°C, 1 min Step 1 : 95°C, 1 min

Step 2: 95°C, 10 s Step 2: 95°C, 10 s

Step 3. 55°C, 10 s Step 3: 55°C, 10 s

Step 4: 72°C, 10 s Step 4: 72°C, 10 s

Repeat Steps 2-4, for 15 cycles Repeat Steps 2-4, for 20 cycles

After the PCR, you conducted agarose gel electrophoresis to check the PCR products and obtained
the image (Figure 1). The same amount of PCR product was electrophoresed in all the lanes.

Answer the length (200 bp or 400 bp) and PCR cycle (A or B) of each PCR product electrophoresed
on lanes 1 through 4.

The PCR product obtained by adding purified water instead of template DNA was electrophoresed
on lane 5. Explain the experimental significance of doing this operation.

To amplify the 300 bp DNA region of the gene, you designed new primer pairs and conducted a
PCR reaction with the PCR cycle B in (2). Electrophoresis of the PCR product showed a blurred
band across the gel region corresponding to 200-500 bp. Explain how and at which step the PCR
cycle should be changed to obtain the intended PCR product.

Describe the property of DNA that is commonly utilized in the principles of DNA extraction and
DNA electrophoresis.
22/41



Exemplar of the Entrance Examination for the Masters’ Course

Mathematics, Biology and Computer Science

Figure 1: Note that in the lane marked “M,” a DNA sized marker containing 100, 200, 300, 400, and
500 bp DNA fragments was electrophoresed. The electrophoresis applied on the upper side where the
lane numbers are shown has a negative polarity and the lower side of the gel has a positive polarity.

23/41



Exemplar of the Entrance Examination for the Masters’ Course

Mathematics, Biology and Computer Science

The following six RNA sequences (Tables 1 and 2) show, codon-by-codon, the portions (24 bases) of
the genome sequences of three coronavirus strains (i.e., SARS-CoV-2, Bat-CoV-RaTG13, and Bat-CoV-
BM48!) that are homologous among the strains for the S gene, which encodes a spike protein binding to
the receptors on the host cell surface, and the N gene, which encodes a nucleocapsid protein that binds
to the viral genome.

Table 1: Sequence of a portion of the S gene in each strain
SARS-CoV-2 5’-GGU AAU UAU AAU UAC CUG UAU AGA UUG UUU-3’
Bat-CoV-RaUG13 5°-GGU AAU UUU AAC UAU CUU UAC CGU CUC UUU-3’
Bat-CoV-BM48 5’-AGU UCC AAC GAA UUC UUU UAC AGG AGA UUC-3’

Table 2: Sequence of a portion of the N gene in each strain
SARS-CoV-2 5’-CGU CGG CCC CAA GGU UUA CCC AAU AAU ACU-3’
Bat-CoV-RaUG13 5’-CGU CGG CCU CAA GGU UUA CCC AAU AAU ACU-3’
Bat-CoV-BM48 5?-AGA AGA CCG CAA GGC CCU CCU AAC AAC ACA-3’

Answer the following questions about these sequences.

1) Answer the translated amino acid sequences from the six RNA sequences. You can assume that the
q q
genes of coronaviruses that infect humans and bats are accurately translated based on the genetic
code presented in Table 3.

(2) For each gene, count the number of amino acid substitutions and the number of base substitu-
tions between two strains (e.g., SARS-CoV-2 and Bat-CoV-BM48), and calculate the ratio of the
number of amino acid substitutions to numbers of base substitutions (number of amino acid substi-
tutions/numbers of base substitutions), and fill in (a)—(r) of Table 4.

(3) Based on the values in Table 4 obtained in (2), describe what is considered from the perspective of
evolution.

!'Note that SARS-CoV-2 is the strain that caused the COVID-19 pandemic in humans (early registered sequences are
shown), Bat-CoV-RaTG13 is the strain that infects Asian bats, and Bat-CoV-BM48 is the strain that infects European bats.
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Exemplar of the Entrance Examination for the Masters’ Course

Mathematics, Biology and Computer Science

Table 3: Genetic Code. The letters in the gray cells are single-letter abbreviations for amino acids.

2nd base
U C A G
UUU F | UCU S | UAU | Y UGU C U
U UuC F |UCC S | UAC Y UGC | C C
UUA L |UCA S | UAA STOP | UGA STOP | A
UUG L | UCG 'S | UAG  STOP | UGG W G
- CUU L |CCU [P | CAU H CGU R U | .
28 C CUC L |CCC [P | CAC H CGC R C | &
g‘ CUA L |CCA P | CAA Q CGA R A 8"
@ CUG L |CCG P | CAG Q CGG R G |2
AUU I |ACU T | AAU N AGU | S U
A AUC I | ACC T | AAC N AGC |'S C
AUA 'I | ACA T | AAA K AGA | R A
AUG M | ACG T | AAG K AGG R G
GUU V | GCU A | GAU D GGU G U
G GUC V | GCC A | GAC D GGC G C
GUA V | GCA A | GAA E GGA G A
GUG V | GCG A | GAG E GGG G G
Table 4: Comparison of homologous sequences
Number of Number of amino
Amino acid Number of base acid substitutions /
substitutions substitutions number of base
substitutions
SARS-CoV-2
and Bat-CoV-BM48 (2) (b) (c)
SARS-CoV-2
S Gepe |_#nd Bat-CoV-RaTG13 (d) () (®)
Bat-CoV-RaTG13 .
and Bat-CoV-BM48 () (h) 0)
SARS-CoV-2 .
and Bat-CoV-BM48 (1) (k) M
SARS-CoV-2
N Gene and Bat-CoV-RaTG13 (m) (n) (0)
Bat-CoV-RaTG13
and Bat-CoV-BM48 () (a) (x)
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Exemplar of the Entrance Examination for the Masters’ Course

Mathematics, Biology and Computer Science

Answer the following questions.

(1)

(2)

Consider two species A and B in an ecosystem. The direct effect of the presence of species A on the
population growth of species B, A — B, can be classified into three categories:

+ The presence of species A increases the population of species B.
0 The presence of species A does not directly affect the population of species B

— The presence of species A reduces the population of species B

The same applies to B — A, which is the effect species A has on species B. With regard to the effect
of species A on species B — A, consider, for example, the relationship in which species A preys on
Species B. In such a case, A — Bis “—” because species B is preyed upon and decreases in the
presence of species A, and B — A is “+” because species A is nourished and propagates in the

presence of species B. Select the symbols (+, 0, —) that apply to the blanks (a)—(e) below.

Relationship A—-B B—A
Species A prey on species B — +
Species A and B compete for the same food - (a)
Species A parasitizes species B (b) (c)
Species A is commensal with species B (d) (e)
Species A and B are symbiotic (f) (2)

The beak depth of two closely related birds (species A and B) is a genetic trait, and thick beaks are
suitable for eating hard nuts and thin beaks are beneficial for eating soft nuts. Figure 2 shows the
distribution of beak depth for both species sampled on three islands, 1-3, with extremely similar
vegetation. There is no significant difference in the distribution of beak depth between the species
A population of island 1 without species B and the species B population of island 2 without species
A. However, on island 3, where both species exist, there seems to be a difference in the average beak
depth of both species A and B. Suppose that both species originally differentiated on island 3 and
only species B then invaded island 2. Consider what evolution occurred in species B under what
selective pressure after the invasion, based on Figure 2. The logical correctness of this argument
will be evaluated.
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Exemplar of the Entrance Examination for the Masters’ Course

Mathematics, Biology and Computer Science

11/ 13
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Figure 2: Distributions of beak depth.
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Exemplar of the Entrance Examination for the Masters’ Course

Mathematics, Biology and Computer Science

Answer each of the following questions.

(1)
(2)
(3)
(4)

Let n be a non-negative integer. Find the nth derivative of the function sin(z).
Find the Taylor series f(x) of sin(x) with derivatives at the origin.
Let C,, be the coefficient of the term of ™ of f(x). Express Cy,42 using Cp,.

Write a program that calculates the approximate value of sin(z) using up to the term of z™ of f(x).
A programming language such as python, a pseudo-programming language, a program structure
notation (a problem analysis diagram, or PAD for short) or the like can be used to write the
calculation program.
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Exemplar of the Entrance Examination for the Masters’ Course

Mathematics, Biology and Computer Science

Answer each of the following questions. A programming language such as python, a pseudo-programming
language, or a program structure notation (a problem analysis diagram, or PAD) can be used to describe
the calculation program.

(1) Design a program that calculates the following function f(zo,1,...,24—1). The function argument
x; (i =0,1,...,d — 1) is given in real array x[d]. The three functions (exponential function exp(),
sine function sin(), and square root-returning function sqrt() ) can be used as given. In addition, it
is assumed that the real values a, b, and ¢ are given in advance.

e goal of the game Sudoku 1s to a 9 x 9 grid with numbers so that each row, column an X

2) Th 1 of th Sudoku i fill a 9 x 9 grid with b h h 1 d3x3
subgrid contain all of the digits between 1 and 9. For an answer given in array buf[9][9], design a
program to determine if the given answer is correct.

Figure 3: 9 x 9 squares in Sudoku
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[1]

A Sample of the Examination

For Design Futures Masters Course, Graduate School of Design

Theory of Art and Design Practice

Read the text provided and answer questions below. (100 marks)

[Texts related to Art and Design Practice will be provided, such as the following

example. Paper-based English Japanese dictionaries may be brought in. Electronic

dictionaries are not permitted.]

(1)

(2)

Our failures are a consequence of many factors, but possibly one of the most important
Is the fact that society operates on the theory that specialization is the key to success,
not realizing that specialization precludes comprehensive thinking. ... All universities
have been progressively organized for ever finer specialization. Society assumes that
specialization is natural, inevitable, and desirable. Yet ... Nothing seems to be more
prominent about human life than its wanting to understand all and put everything

together.
Quoted source: R. Buckminster Fuller, Operating Manual for Spaceship Earth, Lars Miiller

Publishers GmbH, 2008, pp.24-25

In approximately 500 words, describe your own thoughts on the above statement on
"specialization” in the answer sheet provided. Please give a practical and concrete

explanation of your positive or negative views and the reasons for them.

In approximately 500 words, please describe your thoughts on "understand all and put

everything together" in the answer sheet provided, giving practical examples.
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[ 2] Select five of the following sixteen key words (or key phrases) relating to Art and

Design Practice and provide an explanation of each in approximately 250 words in

the space provided.

(100 marks)

(The primary colours

of coloured light)

Design Thinking Human Centered Branding Social Inclusion
Design

Co-design User Experience Postmodern Design | Arts and Crafts
Design Movement

Styling Observation Affordance Universal Design

The three primary Dada (Dadaism) Found-object Russian

colours of light Constructivism
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instructional strategies, independent learning, tiered activities, differentiated learning

[ Literature |
Carol Ann Tomlinson (2014), The differentiated classroom: Responding to the needs of all
learners (2" edition), Published by Association for Supervision and Curriculum Development
(ASCD)

WLESRE - 7=V =AY AV b
[¥—7—F]
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[k ]
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A Sample of the Examination

For Design Futures Masters Course, Graduate School of Design

Culture and Environment

1. Read the article provided and answer questions below. (100 marks)
[An article from an English newspaper or magazine will be provided. The article may be
about 500 to 1500 words. The content of the article may be related to current affairs,

editorial, and others. Paper-based English Japanese dictionaries may be brought in.

Electronic dictionaries are not permitted.]

i) Write a summary of the above article. Please write the summary in the answer sheet

provided.

[Your summary should be about 600 words.]
ii) Write a short essay with respect to X from your perspective. Your essay should be no more
than 2 answer sheets.

[X is something that will be discussed in the article provided. Your essay should be
between 750-1000 words.)

2. From the keywords given below, select five keywords (or key phrases). For each keyword

(or key phrase), provide your answers for (i) and (ii) respectively. (100 marks)

[Fifteen keywords (or key phrases) will be listed in this part of the question. Three
keywords (or key phrases) will be provided from each research area (Design Philosophy,
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Environment and Society, Design for Education, and Cultural Policy/Arts Management).

The questions below are based on the given keywords (or key phrases).]

i) For chosen keywords (or key phrases), briefly explain each keyword (or key phrase) in the

answer sheet provided.

[Your answer for each keyword (key phrases) should be between 50 to 100 words.])

ii) For each keyword (or key phrases), discuss any relevant current issues that may be related

to the keyword (key phrase). Please keep your answers to within one answer sheet provided.

[ Your answer for each keyword (key phrases) should be between 350 to 500 words.]

Research Areas and References

Candidates may prepare for the Culture and Environment examination by referring to the

following keywords and references.

B Design Philosophy

[Keywords]

functionalism, design semantics, pragmatism, human-centered design, moderation, concept
in design

[Recommended reading]

Read books on design epistemology, design onthology, and design ethics.

B Environment and Society

[Keywords]

sound material-cycle society, biomass, renewable energy, plastics, environmental behavior,
sustainability

[Recommended reading]

Read books on sound material-cycle society, biomass, and renewable energy. Also see: K.
Kondo eds., For design of natural sound material-cycle from regional perspective, Kaicho-sha,

2010 (in Japanese).
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B Design for Diversity and Inclusion

[Keywords]

diversity and inclusion, social design, co-creation, facilitation, project design evaluation
[Recommended reading]

Read books on qualitative research method. Also see: The Agency for Cultural Affairs &
Kyushu University Joint Research Team (2019), Social Inclusion through Culture and the
Arts: A Handbook for Beginners, and idem (2020) Social Inclusion through Culture and the
Arts: A Handbook for Evaluation, Social Art Lab at Kyushu University.
(http://www.sal.design.kyushu-u.ac.jp/english/publications.html)

B Diversity in Education

[Keywords]

instructional strategies, independent learning, tiered activities, differentiate learning
[Recommended reading]

Read: Carol Ann Tomlinson (2014), The differentiated classroom: Responding to the needs
of all learners (2" edition), Published by Association for Supervision and Curriculum

Development (ASCD)

M Cultural Policy/Arts Management

[Keywords]
cultural policy, cultural resources, cultural support, arts management, art project, workshop,
outreach
[Recommended reading]
Read books on cultural policy, arts management. Also see: Sumiko Kumakura and Art Project
Research Group (2015), An Overview of Art Projects in Japan : A Society That Co-creates
with Art, Arts Council Tokyo.
(https://tarl.jp/wp/wp-content/uploads/2017/01/tarl_output_38-1.pdf)
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