/am SCRIEE - S BRE K4

Z O/ SCGRER T, BT O FOIREBAFROEE, B L0, mENREED
B & T a CEOCHAX A ECRIT LN EZMDZ E2AMELTHET, [
BEOFREIITRZEDHR )y &, FETIAEMSCEMBASEZET L E L TWDLEONH
DET, REICHT--> X, (MEXOBREOHANT) B TRUEHRELTH
2 Th., FEETAHEYLCEMBLICHESNTEZTH, FLLTHRVWERFA, W
THNOEEDL, EOLHITEBX TN ERHBICERTHZ LICEELTLEE N,

SHIIZ 87 o Tk, ZBAE— A — A DREERCE LM B L 5 FIEO S B o
HEWEEELET,

k. HIORMEPET 2 THOROMERFTLHZLRHY £,

LTOMBEXZEHA. B 1~6CHEZATLEEL,

X OEETIZL BN CC, AR EZ s BBV S = LS RS E T,

X HEEMERROONTINSE E&XIZIE, TEXDE1T LR 5 805 DEE
FFINFET,

X EEHMDIEE D RARN— R E|FHA S 20 L 512 L TS 7S,

AT, SARDOYEKRE O FAOEMAY T, Z0OEWIT, kE

ERHREBOIR LN OHHE L CWEET, TR, O L XTI,
TNETNOREEREZER L, Zoav—% 1 K922 o0Mia (D1 & D2)

B L ET,

D1 D2
@ @ ®

AW A DOyEERREE R LA IREO [N, NE O 3 AR
DYLOAR % 7”7,

B11-1) AW AL 3T CoOREBEREMT T, HHBEE T, 1TIT 2 M —
R LFET, B3I, &P 10 HOAEY A 2RI AN, BErls D
RWNE LT, 24 BB LAY A O A2 L TS0,

f1-2) BAIOEW A OE%E N, L Ui-W, ¢ B o EW A OfE N %3
BT (CITEEH) 2FE N0 TLEIN,



N ORI - S BRE K4

Ml 2) YRR (D1 & D2) ~BEhd oz VT, b L, K@D 6
RKOYPEERZNZFNN DL £ D2 IR UERTRBEI L, FOBE)Xfho Y
BROBE) EEBUR CTH D LHE LG A. KOO L ST, 2 SOl
ELWEEKROHZ EMEIC Ty MO OMELZHEL, ftEOBRLEZ
OB & L HIZHZF LT ESN,

f3-1) HERINLEAEKREL FHOD X 512 2 DOMIIZ EMEIZHET 5
TeOiid, EDX D R FHIRAMABPRLETL L 9D BAONDL A=
AL2fEH (1L 1D 2, TNENHEHOTRB LTSN, FAE,

RIEOHAAZTY ., FEOEMPE S A TENEVEEA,

f13-2) RI3-1TEXTAI=AXLDEHNTWDT=, AW A OIRFIED

Yoo fRKiE 3 KDIXTTTR, IZhbrnbbd, ZHEIAE, TROD XL HIZ,
Yeta % 4 REFOM 2 VRS TE Lz, £9 LTZDO XD i iiEE~

ELHDOMN, ENENDAT=AL[ L IDIZHONT, B2 TLEEN,

@

fM4) AW AL, ZOBEBEHEHREEV 1 ARORAK TR, 3ARDOYEAIKIC
ST TRFFLTOWET, BRORGEEREHER T LI2ED L) Flm &R
RINHHEBZBNET D, m L TESV,

1]

%Rﬁ

=}

—ESAE EMA DS

PRI LBIZL CWD I BIZ, MilRnnTH 5
REIIWCELEEZIIHENPEZD Z

HIE LEROTE L,

1]

%Rﬁ

f15) ZOW|BENED LS RAAATEZ D200, BN E 1 D%
FTLEE, (FERT, REDMHEMA TS, EEOEWDE S A TH
NEWNER A, )

f16) f5 CY.CHRiAMiE T 2720 DEREZ T A L TLEEN, F
T2 PR E D FEBRFE I X o TGRS 22 E5EH £ 7213 BGE S L D D% i B
LTL7ZE0,



Short Paper: Number Name

This examination is aimed at measuring your abilities in logical thinking and writing (including

drawing schematics) and your knowledge of biology. The setting of the questions contains both

imaginary and existing organisms/ phenomena. You are free to choose imaginary or existing
experimental settings unless they are described, but please describe your settings clearly in the

answer sheet.

When we evaluate the answers, we will take research backgrounds and future
research interests of each examinee into consideration.

The questions are not necessarily formulated in a step-by-step basis. Therefore, even if
you cannot answer a given question (or part of a question), you may be able to answer

subsequent questions (or subsequent parts of a question).

Read the following story and answer Questions 1 to 6.

* Effective use of schematics and/or tables is highly recommended in your answers.

* When multiple answers are requested, answers from different angles are preferable.

* Please write and draw your answers within the assigned spaces in the answer sheet.

Organism A is a unicellular and haploid organism that has three chromosomes. This organism
proliferates through cycles of growth and divisions. During cell division, replicated chromosomes

segregate into the daughter cells (D1 and D2) as illustrated in the figure below

D1 D2
@ @ ®

Schematic drawings describing a cell division of organism A. Grey circles represent

cells and bars within the circles indicate chromosomes.

Question 1-1. In a culture medium with nutrients at 37°C, organism A divides approximately
once in every 2 hours until it reaches to a certain concentration. Dr. Mishima started culturing

10 cells of organism A in the medium. Predict the number of A organisms after 24 hours.

Question 1-2. Given an initial number of organisms, No at the start of the culture, give a general
mathematical formula to predict the number (N) of organisms after ¢ hours (¢ is positive

integer).
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Question 2. Consider the movement of chromosomes to daughter cells (D1 and D2). Assume that
each of the 6 chromosomes in the panel @), move to either D1 or D2 with equal probability. This
probability is independent of the movement of the other chromosomes. Calculate the probability
that both daughter cells have the correct set of chromosomes as shown in panel @ in the figure.

Please be sure to describe your reasoning and assumptions behind your calculation.

Question 3-1. Please consider molecular mechanisms to accurately segregate replicated
chromosomes into two daughter cells as shown above in panel @. Propose two plausible
mechanisms (I and II) using schematics. The proposed mechanisms may be imaginary or may be

related to known processes.

Question 3-2. The mechanisms you described in Question 3-1 should give rise to organism A
daughter cells with three chromosomes. Nonetheless, Dr. Mishima observed a small number of
cells with 4 chromosomes as illustrated in panel @ below. For your two proposed mechanisms

(I and II), describe how such cells are occasionally produced.

@

Question 4. Organism A's genetic material is maintained on three chromosomes rather than on
a single, longer chromosome. Please discuss possible advantage and disadvantage for

maintaining multiple chromosomes.

While repeatedly observing divisions of organism A, Dr. Mishima found that cell divisions occur

when cells reach to a certain size.

Question 5. Describe a possible mechanism for this phenomenon (again, the mechanism can be

imaginary or may be related to known processes).

Question 6.  Design experiments that test the hypothesis/mechanism you described for
Question 5. Please explain how possible results of the experiments will support/disprove the

hypothesis.
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Answer sheet : Number Name

Q1-1

Q2
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@3-1 Mechanism I

Mechanism 11
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03-2 Mechanism 1

Mechanism 11

Q4 Advantage

Disadvantage
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Q5
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Q6 Designed experiments

How is the hypothesis supported/disproved?
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