20 2 54
B AV Ny N
PRI FER A A R AR
AP EREL 4 H A
7/
B 9 :30~11:30

R FIH

O ZBAITHBRBRGOEMPEHHET, HEOL > THEEZ R TIIWITEHA,

© RREMT (1365 EBRAMK (240 PEAA SN TWAHZ LaMB LT EE
W, MEM - EBRAROT R TNRZESL > TV ZRWEAICIEHA LHE T ZE0,

© FAOZHREZLBLORAEZERZHBOTEDOHMICFEA L T EIV,

O MEIZ1 48 CE1R»6HE140) 0 EJ, 2EZERL, ZNENOME
DRI > THRZEL T TEE 0,

© FIRL-MEEZ L2l x OEZHAME A, BEESMC, BRU-MESES %
FALTLSEE N,

2025 April enrollment
Tokyo Metropolitan University
Graduate School of Science, Department of Biological Sciences

--Biology--
9:30 - 11:30

e Do not open this document until notified.

o Confirm that you are supplied with two answer sheets along with this document.

e There are 14 sections. Choose and answer two sections. Follow the instructions for each
section.

e Use one answer sheet for each section. Write the section number in the “Question No.”

column at the top of each answer sheet.
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% 1R (Section 1) ; RHFF
IRORINTE 27230,

M %koQ) ~ @WOEANS Z0Z2 B, FNENIZHONWT, FHEH TR IN TV HEER
FTRTEHNT I5ITREO/NG L EER L7 S0,

(1) FERIBISR SRk

(2) B JES ARG

(3) HAZIE HIPER S
(4) HEE A MR



42 (Section 2) © HE(LAMS
ORI 1, B2 T _XTIZEZ R IV,

i1 DLTOM 13, XIZHBNAER a DBEIZOWTHE LA XOFRKTHSH, =
DERIZEET 2R D) ~ @) D/IHT RTIZEZ RS0,

(1) FE o EHEROEOHE BETICL > TIEEISNDIBEHTHY . ZOBGTHEIC
X207 LV (St s) WEET D, FlaZ5|SET7 Lnidseaemrt () *
TIFERENE (B THDH, FE a IFBEELEEOTLLELBICE s THIERI S
NAHMPEHE & HIZHITRETHIA L Z W,

(2) T a 13 XOFFETHHAAH bR LN, EMHOBRE o OFIEHEITA X
IZHARTE DR, 2D XD RIEVHEL DHDITRED, BEXONIHEEZ A XOFK
BLOWMBRA B E X T TTRETHALZIY, B, A3V IICBVTHHERE a 131
X LR B R T EOBE I Lo THERI SN, BEEIFIA X EFEETHD,

(3) i a DX IIT, SEIFRRIVUTBCHERIC L > TRES N D, A XS OAEDY)
b, REMERZSINSELT ) APFOBRMEFEIRAZR Y A2 DFELZ—DbIT,
ZOFELEHE TATRETHBA L2 S,

A B‘ [(J4z:E% 4R &SR«

Q ARIEE ‘)‘Z:‘E@%O{

[ O

M

K1, FEHRalCET 34 X0FEEK



2 BEOMERIZBET 2L T D) ~ G)O/NT X TIZEZ RSV,

(1) ZEEAROMELE DS 111 Th A AEWERIZB T, KT L ORI E 2E& % - W, —i%
WCEDIELDENRKEVDITIELLDOMETHDI), FZ20XHIRIEL X DE VT E
D L9 72 E OEA & BHEMENE W, Bl E HIT T TITRE CHB L3V,

(2) HHFENT, HITEIEROVEL D 1:1 ORI PN TWAEM A L BHEEER OV
D11 ST TWARWER BAR®H 5, Zhb0EMNOEFEEARENE U TH - 28
BT ) AEROBEHIERIIELONRRELS D EEZONAN, £OBLONDHH
HEEHIZTITRETHBA LRSI,

(3) MM SLAERAE O FNTIE, 16 OB 2 8 F L TR O 2 ME R & & 2 i
ND, ZOX D REAENIERAEMIC L T6 LD 2R kE, TITRETHHA LRIV,



% 30 (Section 3) ; EiAfE s
WO 1, B2 T _RTUEZ 230,

M1 ROELEFE, ZRICET DU TOW), @0/ ~Tic, Zheh 10~1547C
BRIREY,

While examining a population of invasive birds on an oceanic island, you discover that the
beaks of the birds are considerably longer than in the original source population on the
mainland. On the island, you find that this species has no direct competitors, while the
mainland population is known to coexist with several congeneric species. Previous surveys
indicate that the island population is around 40 years old. The introduction of the species

occurred only once, and there is no gene flow between the island and the mainland.

(1) MWESOEEEET, LVEVWE (K BIXL) Ml sncHla 23T 520Gl E — 2%
Z. AL S0,

(2) Lo/ TRE LI Z DR ARIET 272D D FERMNT & TN b ED XD
BREERDFOND EFRENDINE, TNTHOIEHRIZ OV THH LRSI,

12 WOKILEFA, AT 22U TFO0), QA< TiZ, e 10~1517T
BERIREY,

Generally speaking, the optimal level of parental investment in offspring is expected to
be determined by the balance of costs and benefits. Benefits are derived from the
increased fitness of the current offspring resulting from higher energy investment (e.g.,
increased size). Costs are proportional to the resources invested and therefore unavailable
for other offspring. Costs can be expected to rise as a linear function of investment in a
given offspring, while benefits will be a saturating function of that investment (.e., once

a certain size is reached, there is no benefit from further investment).

(1) EOREOEREENBUCE > TRIEIZELEBEZ LN EHI LS, SillCiEXN % i
WTH LV,

(2) FTTIZFEFOBN, TN LICEIE L TF 2R AIREMDR 2 WA i R E I3 T
TR DD & T, EOLIITEMT D 0EHHA LRSI,



AR (Section 4) ; M AREF
W’ DHL (Delavaux et al., (2024), Nature 627: 335-339 X V) —#ikZ) % i, Z U
THLTFOR 1~ 15 T_XTITEZRIVY,

*elusive: difficult to find, catch, or achieve

1 EXCPoZzE (X)) ICHhTTE LR E Y REHFEFFLE R IV,

M2 FHERGE) 'the latitudinal diversity gradient (LDG)' & 13{i73% . 6 1TLAN TR L7g
S,

M3  THER3GL) 'traditional physical drivers of island biogeography' & iZfin %, 121704
TR L2 S0y,

4 TG 'plant species with mutualists'iZ & % mutualistic relationships D% —
DT, 8ITLANTHBI L2 S\,

M5  TFHEGv) 'plant mutualist filters on species richness' DOZNEZ MO 57202, K
TR O B TAT 9 FERERI 2R AF R A2 15 TTLAN TIRE - Fil L2 S, 22388, BHRIC
I, PR 0.1 km PLEDED 600 LA EH VD . £OARMNE DR, Z<HENHDN5
FEROE L9 1900 km HEN 7= b O E THex Th D, ZNHDOHFT, b RE R EBOREFITA
69 km2 TH 5,



% 5[ (Section 5) ; AW
ORI 1., B2 T _XTIZEZR IV,

M1 koA ~ (DOHEEMND =Z2&ERV, ENEIUT DV THEBEAY ORG-S AE P BE
ST HATRETHH LRI,

(1) FHERBHA6HEHE  Mechanisms of translation initiation

(2) k7 ARV Transposon

(8) 72 /FEERME  Amino acid auxotrophy

(4) b A F L AJR%  Oxidative stress response

(5) FME DL FZ K  Bacterial chemoreceptor

(6) IVELERE  Type IV pilus

(7) N4AHE Endophyte

M2 JIEIZRET DA T AN HDREAEWENEE LT, ZOFREEMDO = 3L
F—RPFER L LTEZONAEREZ =0T, EOFEXBZHhI TV A EEd 5 k%
FHALZREV, HHBET20~301TREICELDDLZ &,



%6 (Section 6) 5 £
ORI 1., B2 T _XTIZEZR IV,

1 ROAMFACET Q) ~ GOEANL =2%EN, THEN 3 ~ 57T LS

[
(1)
2)
€)
(4)
)

B Ry DEFEBR

U 7 OfifiE =5 (Catalytic triad)
NRTFUIRNA & T X ) T L RNA
NUT VT ER—L

Wile 7 &= LILE (hZEILE)

2 wOEBRIZETHQ) ~ @)D/NHTRTUTE 2R S0,

[528%) & oWEFR X &, TOIEEERIEICMED A NPOEEDOAT » 7 THRE LT, TO5K
BDORT v T L THNABIa~ 8T T 7 4 =517, TNENOEHE I ONT, %K
AT H D 280 nm DI & H I OEEEIGMEZHIE L7 iR 4 X 1A 12, SDS-PAGE (2 &
LERGKENE, 7~ =7V VT TG LR A 1B R T, S5, HiYY 6
CHGy 14 DE U RTENY REGID L TEESITICH L, ED A OF ) LERD B
2R EDOT X BRI ERE LTz, 7 ARSI ST I kA 1C 1SR,
THRHDRERENS, E4Y 14 THONEZ 7 ENBROEEE X THY . @R TR
TERERwmOT T,

(1)

(2)

(3

Z R B EBHT 5729012 280 nm DO EOROCEZHIE L7eA, mOBERTEE L R
TSy 14 128 T 280 nm OWIUTIE & A ERRtE o7 (K 1A), LoLARR S
EERIKEEDTFND 7~ —T Y T NI —OFERN G B4y 14 121X, H5) 6
ERBEORED X U RIENREGEEN TV (X 1B), LEOFRER LXK 1C O ¥ R0 E
ALZURIEBOT I JEBHMEEIEC, XV BEALZ T EBOELLRHESY
14 YT A 08l & & I 5 ITRECTHII LRIV,

BEONTICLD 2 o X7 EERAIRIEIZBWTIE, XTFR~RAT7 o =TV T 4
TR, ZOFEDREZ 5 TRRE T L Z vy,

ERUKENOFER D W5 6 DX NI E LWy 14 DX R ED G EIFIZEAE—
Chol-, ZTHIZHL b LT, FVARr a~ 7T 7 4 —Tld, TNENDOHEHIRE
ICRERERNELTWND ChSWETFOES DTS, FHRFRNEY), 2 OZEHEN
EUTEHEREZZBZL TR LRIV, £/, BE L ERZHRGET 2 720 03252 —
BRLARIWV, IR ZHWTE Ky, ZRPAE UHERNOZLRE L FZRED - DITER
L7ZFEBRIZOWT, HbET20/TREICELEDD L, v—H—L L TZu~v rT7
4=t L= o0 F1E, FRFH 20,000, 70,000, 110,000 D4y FETH 5,



CE&EYVINVEBD7 I /BHERK (%)

FIIB|IVINVEA|YVINVEB

Ala 9.4 3.8

Arg 6.1 2.5

Asn 4.8 2.1

Asp 71 7.6

Cys 2.1 0.8

Gln 4.8 4.2

Glu 6.9 6.7

Gly 9.6 9.2

His 0.8 3.8

lle 71 5.5

Leu 7.8 8.0

Lys 8.8 8.0

100,000 = Met 2.3 0.8
75,000 == Phe 0.8 5.0
Pro 4.8 4.2

60,000 == Ser 4.0 4.2
Thr 6.3 7.2

4,000 = - == Trp 0.0 5.0
25,000 == Tyr 0.0 4.2
15,000 == Val 6.5 7.2

1. R X OFERLE S5 HT




% 7R (Section 7) ; BF4EWF
WO 1~ [ 3T _RTUTEZREN,

M1 o)~ @DHEMND ZS%HRY, THENE 5ITRETHI LI,
(1) DNA # F/14k

(2) UARAA v F (riboswitch) 12 & % s B4

(3) 7F 7 #UTHIT 5 DNA 1 Rtk

2 HHMEPIZENT, Binf alla—FShdF o "7EHAZ LEWC LG L,
BART b ORG24 2 EHIEN 7 TH 5, ME P ORERIALED C 2T 5 L,
BisF b OmRNA &IIHINT 5, BlsF b DEFHENZBNT, # o X7H A, EE5E
PAERF (77 F_X=F—=) HLVEBEMHINF (V7 yd—) L L THEELTWS A
RN DD, T EHEANRELLDORF L L THIEL TWDDONEHRLFEERE — o2& % |
THENLMEREZD THHA LSV, SiHEIEOETIITREL TS 2L,

3 A OERBISHERE LTI~ D 720 (LG x ZIINT 2 & ME X Bko~Y 1—8 D
FKENFEEIN AR y ZHRINT D LHIE Y HRONY B—VOREANFEIND T T A
S REERLZ, ZO7T7AI REMEX EMEY SICEALEER, ZREROMED 7/
AEONY H—BEREBIGTHEXERE YEER L, %X YERWT, SILEWIR
Nt 1 KRS 5 DNA RS2 HE LR 2K 1 IR d, ZofEN»S ., ERHLA
Bz BIT S DNA N h—FB AN h—Fu—F—LOFERIZONWT, YD LD RGN
BZOoNDF LI, £, TORBAEFTEHTH72DIZITED L 5 eEREZ T T X
WEB L2 SV, S bE T I5ITREL T2 L,

S 100—

H 75—

ﬁ 50—

.5-,-?

2 25— 1. %X LB Y215 DNAH
Z BT

0 +HEELTROIEBRTMEN TN S
IvEmx — + — — + — TlE, —ERNERTOARNT EERT,
&ty — — + — — + HEIE, TR ZROBIZE I 5 R OB
X Y P& 100% & L= BEDFIXHE %R,



% 8 (Section 8) ; Al
WO 1, 2T _XTUITEZ RS,

1 AREHICBE S 2 RkoQ), QAT N TIZE LR SV,

1) BEEAYOMEIOEITICBIT A2 A 27 VA7) UMEkFEESFT—F (CDK) @
HE 2 SITRE T LRI,

(2) MinEH %2 G2 Wi TEILS T2 BLEYER A LT 5, Z DAY DOFERGAR #
VNI BEBHIT, E6IZZOEWNED X ICHEMOEIEEFHEE LB LD
. T OERGE A o OMEE L BSOS T 8 ITRRE T L7Ze S,

M2 WOSEEGR, UTOW, @0METSTELRE,

BRI, mmAW@%_m@m@ YPGB R 5 L AR Th 5, Al
SYAD I IS IR R IR > TR, RIS 2 A5 B 0 OV M A e
PBHFIRIRERT .

(1) ffa KoKz, BRI AR OB BB 72 % B 213 7- 3, BRI NE &
EOXIITHAEMEA L, ROEOBEIZHIE L T\ D0, EOMA % 8/TFEE Tl L

72U,

(2) Yt RAEMENEC DR Z ZoHF TRt L. BEENMicaECTH LB E LT
ZE 20 DGR E 15 ITRRE T U7e S,

10



9 (Section 9) ; Bfr
WDOLFEEFi, LFOR 1~ M5 T _XTITEZREN,

XA v a vYa UL Drosophila melanogaster (D. melanogaster) Tlt., oigfs %
REFHT LI FESEREWDHESLSNTND, & A0 DNA HEIEFESINC T & AIT5E
AR (LIF, ZBR) 2% UIERRH AR L, 2000 O Hh 6 MElRIC BH 2 /R385 5%
K% Bl U C nemuranai X8R & 4 U7z, nemuranai 75 SERITE AR L T L < E
IRFERIZNAD L T2, £ D% OMEIZ X Y nemuranal ZERKIZI R—RXI L N T U AKR—
4% — (DAT) % =2— FT 58 7F0O@X/VER (null mutation) #H>Z &, £ LT, HEIR
IRFEICBA U Tl nemuranar 28503 ME (1) Th D Z L3 nro7z, DAT ITHhER R
OB EICHFET D R T AR—F—ThH v . MRS ST AR BEDE R —/ 2
e AREPNIZ R D AT o & EI A>T D,

M1 FHRBOIELT, BETEREREL b, TOREICONTENEEHT 5
(PREECHA LA S,

B2 FTHREGDICE LT, XVER (null mutation) & 1XED X 5 B FERO Z &)l
BICHH L, HEERICXVERZEZ 9720121 DNA BEEEY] i ED X 5 2B {bRnE Ch
XLV, ZREEOGIZ BT, bR THITRETHI LRIV,

f3  MRsEWE F—/32 13 D. melanogaster DIEIRIZHT L CED X 9 2 Hlill 217> T
WhHEEZEZLNDD, ERROBEREL LICLTHBAL & HICHITRETHI LA SV,

M4 SEANZFHLCIERICHT D F—"IVOEHZHXL =D, BEMD D.
melanogaster \Zxf L CED L D BRERZ LT TEHAZH T I v, ZoBEEE LI
I01TRE CTEZ RSV,

15 D. melanogaster®i&is 1 xD /A INE )V 7 2B FHGEIE - xDFRBLEN DT 5 B HK)
& nemuranarZ B a A O ZEAETERREAER L, 2o 0 ZEERKROMER
IRFFE] IR B AR & [RIRREEICEIE L e, BIRFxRnED X I RV BaEa— RLTW5
ETREINDIDZODOFEEMEEZE X, TNENEDO L DI U CHERFFRINAEE L2 B2 5
ML IPIBITIREE TR L2 S0,

11



%1 O] (Section 10) ; FEAAWMF
DRI E Z 70 &,

[ JRAEMA AN £ 72 R 2 1S . — R L~ TOTERRAE AR DO TERRTE U H kT %

W Z A L2 S, RIS ORI D 5 0 T ORR 2 3 072 S, 30 ~
40TREICE LD D Z &, IR EHNTS L,

12



%1 109 (Section 11) ; fEM/EFE
WO 1, B2 T _RTICEZRE N,

M1 wo@)~@QDIHEETRTIZOWT, R DEBY: « ALY - A - o714
Wy B S CL N STRRE TR L &y,

(1) EoH—

(2) JFE [

(3) JPHHAL DIEMEAL

(4) BEEHUE

B) 74 b7 v A

(6) sl = f il

(7) T-DNA i AZ5 5

(8) A

f2 WA, Q015 —2%FFEAT20~301TTEZREIN,

(D) W 7HEd A LW TR B OZELEBR AT 72 & 2 A W THi A OIER W T B ©
HEECHIELTZOL, IEMENTERENZME L7223, RO O NIZEL TV eho7e Z &
B BT DR ORNNIIEE T A X2 AT L NOE R H D Z ENEZ LT, Zi
FTICH LN SN TWAIERE N A X2 ZADHFIIZ DWW TP LT 5 2T, #E74E
W A DI E DR B OIRD 5 NIZEE L7320 T2 JRIRIZ O W TR A LT, DR
A RRAET 2 EBRA I L2 &0,

(2) W D AEFLSE D —o12 . DNA X° RNA 72 E OEEOEMC V7 1~ F » O

FRIC KD BUnFRIME D D D, TN DD MY OEBSEMRE OBl Z —oH T, €
Doy TR 2B L7 S0,

13



%1 2 (Section 12) ; Kk - fifs] - PR
WO 1, B2 3T _RTUE LRI,

M1 ROXFEEGEA, LLFOQ) ~ @)D/NNET R TITE X/ 30,

LB ORTATIZB O LI LITEIR & S IROW EFEEDSBO bivd, HDEIET
X OERIZ LY | ZOWERMED KD T EERIZ I T AR OTE T M OHERF DMEGHE L 72,
Z DR E AR (KUE 5°C) (i LC 1 RE#I% O MR O E 2 JIE L7okER 2B 11, 3R
RIE ORI ZEAL ZJE LR 2 #R 1 1ord, o, BAMOEERZKE (KR 5°0) %
FOER (KRR 44°C) Il L7-E 2 A, 21271 Xk 9o, KEMEICHBT D Mo &%
L7,

HFER
37°C 29°C 22°C D
M < L BRBO G
36°C 28°C 21'c : )
)
ERE
37°C 32°C )
gk @ ———> D
24°C D)
WA < _ D)
16°C 18°C 21°C )

X 1. AR T 2BAR & BRI EREE & ik OIRE

B AE AR CIIARRATIZ B O TEIAR & SRR Y &> CliEEL T, ZBRIKTIEZ O
W RS A b, BIRE HARDEENL T LE > T\ A, K1 : Mo mE; HE KR (KIR
5°C) T LT 1 FREfE O Mk O,

# 1. [KiRICHE U 72 BR 0SB D EAL
IR (KUR 5°C) (2l L 7= BROTEIAIR 2. EICIREG 2/ A L, 1Rl < IClE L,

IR 0 hour lhour | 2hour | 3hour | 4hour | 5hour 6 hour
(°C)
B AR 38.1 36.5 36.2 36.4 36.4 36.3 36.2
PAESUN 38.1 36.3 34.8 34.6 34.2 34.0 33.5




@ 25
8
S 20
E
315
E
m'%" 10 2. (KRB L OFIRICHE L7z BR O AT i1}
E 5 % M DB DAL
§$M®@%%ﬁﬁ(%ﬁ5%)ﬁiw%ﬁ(%ﬁ
O | 40 ML RO BRI B o R
O @] )
&é @9 %§ LT, Mo&EIE 1 4MIic m0g®ﬁ%%mnk
A D R% & 5T,

(1) M5 o S DMRIR O PEHERFC E D X 5 1I0H 5T 50 ST THA L S0,

(2) FAROERZIGIE D 2 VIEEIRICI L= & 2 A, 2 O LD ITEERAITIZIB T 5 i
DODENEL L, ZOMKOEDOEFIED L I RMEHMAIC I~ TRZDEEZLND
Dy, E2ZOBGIIEIROEFE AR IC DO L HICFEETHEEZLND), K1-F1
DFHRBLESEZT, HOETI2/TRE TR LSV,

(3) BT TINERBRBE D 1E 8 M & (R DAL ZA T ST (RIRFRER LS 0 BAR ] 2 & 15 C
SATREAEE TR L7 &y,
[ 2 FHEEW OREIEOFFE R 2N ERITR O A AnzE$ 2 AT OV T, LT O MEE

T RTHWT 20 1TRRE T LZe XV, siBIIE a2 HvW T kv,

AN, BABARAGL, AR, MRS ETAAL, 7 v 5 X R, o, iRk, ON
OFF R, 27549, M5 #mifl

15



%1 3 (Section 13) ; AWWE~
WORINZE Z R &0,

RS R - RIC BT 5 S E S E R AN EMBI AL REB S TEX, KDOQ) ~ 4)
DEHAND —OZER, ZNENEAT 5 E & LITEMBFELBICBIT D5 EEMIZHOWNT
FURE N, BATFE OFNEFNOMEIT. 15~20 FTRELTHZ L, FHFICIIRE AW
VC%) J:l/\o

(1) vy sg A= 7 (Calcium imaging)

(2) BB/ N T AR (Artificial synthesis of membrane vesicle)

(3) 7 v 7 e VA = %L ¥ —&E) (Uphill excitation energy transfer)
(4) Moy TS (Differential interference contrast microscope)

16



¥ 1 41 (Section 14) ; EFEM
WO E 2 72 &0,

il

t b ABO o RHANIZT AR, BA, O, ABRID 4 LDV, £ OiEEH
L1 BETFE3 T LVGE T S G, T7hbb, —DODORIGFREIZ A B, OD 3F#
BEOT VARG, A, BPEIZ Olzxf LTl (B), 4 & BB T~7 n 4 K
DORBFIN ABAZ /D NI D THD, LinL, 0BT, TIZENZi A,
alt B bDO2T VRSBV, AROBEE I AAbb & Aabb, B RO (s 1L aaBB &
aaBb., O OB THIX aabb. = DMOEETHIT AB RIS &) 2B THE2 T L
IR THHATE D, ZNHD ODEMDO ELLNZY THL0EMRIET D72, 100
ANDHARANDOMBEHR T TRz A, ARI39 A, 0% 36 A, BA! 18 A, ABA 7 A
EVOREREGT, ZOREND ERRO 2GR OMEEETEZ R LTc, AT D) ~ (6)D/MH
TRTCWEZREN, B AN—F f— T A =T OIERNTIR Y Lo TV D S ET 5,

(1) 1EEFVE3 T LARBUTIESWT, 7L A, B, O DK% ZFNENp,. Pge Do TH
ST edh, AB BE QR ABEO4EEOERMOEEL . TH LD, Do
Pl o ThHHb LARS,
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Section 1; Taxonomy and Systematics

Answer the following question.

Question Choose three topics from the following (1) to (4) and write a short essay of

approximately 15 lines for each by relating all of words/phrases.

(1) interspecific relationship, phylogenetic tree
(2) islands, adaptation, phylogenetic tree
(3) Japanese archipelago, geographic genetic structure

(4) vascular plants, reticulate evolution

18



Section 2; Evolutionary Biology

Answer both question 1 and question 2.

Question 1: Figure 1 is a family tree of dogs showing the pattern of inheritance of disease

a found in dogs. Regarding this disease, answer the following (1) to (3).

(1) Disease a is a genetic disease caused by a single autosomal gene; there are two alleles
(S and ) at this locus, and the allele causing disease a shows either complete
dominance or complete recessiveness. Answer whether the disease a is caused by a

dominant or recessive allele with reasons in approximately six lines.

(2) Disease a is also found in wolves, the progenitor of dogs, but the frequency of the
incidence in wolf populations is much lower than that in dogs. Explain the possible
reasons for this difference by considering the domestication process of dogs in
approximately nine lines. Note that disease a is caused by the homologous single gene

locus in wolves as in dogs with similar penetrance.

(3) Various phenotypes, such as disease a, are determined by genetic factors. Choose one
method that has been used for narrowing down the genomic region responsible for
phenotypic variation in various organisms such as dogs, and explain how it works in

approximately nine lines.

A B‘ [:l d": Normal - d": Disease «
O 2: Normal ‘-?—: Disease o

C:j D E F G H

M

Figure 1. Dog family tree for disease a
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Question 2: Answer the following (1) to (3) below regarding animal sex ratios.

(1) In a population in which the sex ratio of breeding individuals is 1:1, which sex
generally has a larger variation in reproductive success, and what kind of traits are
associated with the evolution of such differences in variation? Explain with at least

one example in approximately nine lines.

(2) There are two populations of the same species: population A, in which the sex ratio of
breeding individuals constantly deviates to a large extent from 1:1, and population B,
in which the sex ratio of breeding individuals does not deviate from 1:1. If the number
of breeding individuals within these populations is the same, which of them is
expected to exhibit higher genetic diversity in the genomes of its constituent

individuals? Explain your reasoning in approximately nine lines.
(3) Some intracellular symbionts manipulate host germ cells to bias the sex ratio of the

next generation towards more females. Explain the possible advantage of such

manipulation to the symbiont in approximately nine lines.
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Section 3; Animal Ecology

Answer both question 1 and question 2.

Question 1: Based on the following paragraph, answer both (1) and (2) in 10 to 15 lines

each.

While examining a population of invasive birds on an oceanic island, you discover that the
beaks of the birds are considerably longer than in the original source population on the
mainland. On the island, you find that this species has no direct competitors, while the
mainland population is known to coexist with several congeneric species. Previous surveys
indicate that the island population is around 40 years old. The introduction of the species

occurred only once, and there is no gene flow between the island and the mainland.

(1) Provide two possible hypotheses to explain the reasons why the longer beaks are

observed in the island population.

(2) Describe experiments and/or analyses you might use to test each of your hypotheses,

and the anticipated results.

Question 2: Based on the following paragraph, answer both (1) and (2) in 10 to 15 lines

each.

Generally speaking, the optimal level of parental investment in offspring is expected to
be determined by the balance of costs and benefits. Benefits are derived from the
increased fitness of the current offspring resulting from higher energy investment (e.g.,
increased size). Costs are proportional to the resources invested and therefore unavailable
for other offspring. Costs can be expected to rise as a linear function of investment in a
given offspring, while benefits will be a saturating function of that investment (i.e., once

a certain size is reached, there is no benefit from further investment).

(1) From the perspective of the parent, at what level of investment will the optimal point

be found? You can use diagrams in your answer.
(2) If the parent has no chance to produce any additional offspring, how will this change

the optimal level of investment compared to when the parent can produce additional

offspring?
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Section 4; Plant Ecology
Read the following paragraph modified from Delavaux et al., (2024, Nature 627: 335-339)

and answer all of the following questions 1 to 5.

*elusive: difficult to find, catch, or achieve

Question 1: Fill in the word best suited to ( X ).

Question 2: Describe within eight lines what 'the latitudinal diversity gradient (LDG)'

(underlined ()) is.

Question 3: Describe within 15 lines what 'traditional physical drivers of island

biogeography' (underlined (ii)) are.

Question 4: Provide two examples of mutualistic relationships with 'plant species with

mutualists' (underlined (iii)) within eight lines.

Question 5: Provide an empirical research plan to determine the effect of 'plant mutualist
filters on species richness' (underlined (iv)) using islands in Tokyo within 20 lines. In
Tokyo, there are more than 600 islands with a circumference of 0.1 km or more,
distributed at various distances from very close to Honshu to approximately 1,900 km to

the southeast. The largest island in Tokyo has an area of approximately 69 km?2.
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Section 5; Microbiology

Answer both question 1 and question 2.

Question 1: Choose three topics from the following (1) to (7). Explain each topic in relation

to prokaryotic metabolism and physiology in approximately five lines in each case.

(1) Mechanisms of translation initiation
(2) Transposon

(3) Amino acid auxotrophy

(4) Oxidative stress response

(5) Bacterial chemoreceptor

(6) Type IV pilus

(7) Endophyte

Question 2:
A prokaryote was isolated from epilithic* biofilm from a river bottom. Describe three
possible types of energy metabolism in this prokaryote, and describe experiments that

could be used to verify each possibility. Your answer should be 20 to 30 lines in total.

*epilithic: growing on the surface of a rock.
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Section 6; Biochemistry

Answer both question 1 and question 2.

Question 1: Choose three topics from the following (1) to (5) and explain each topic in five
to seven lines.

(1) Protein isoelectric point

(2) Catalytic triad of trypsin

(3) Peptidyl-tRNA and aminoacyl-tRNA

(4) Triacylglycerol

(5) Ammonium sulfate precipitation

Question 2: Answer (1) to (3) below regarding the following experiments.

[Experiments] Enzyme X was purified from microbe A in multiple steps using its activity
as an indicator. In the final step, gel filtration chromatography was performed, and the
absorbance at 280 nm wavelength, and the target enzyme activity were measured for each
eluted fraction (Fig. 1A). The fractions 5-7 and 13—15 were subjected to SDS-PAGE
followed by Coomassie Brilliant Blue staining (Fig. 1B). In addition, the protein bands of
fractions 6 and 14 were excised and subjected to mass spectrometry to identify the amino
acid sequence of each protein based on the genomic information of microbe A. The amino
acid composition of each protein based on the genome information is shown in Fig. 1C.
From these results, we concluded that the protein obtained in fraction 14 was the target

enzyme X and was successfully purified.

(1) Although the absorbance at 280 nm wavelength was measured to detect proteins,
almost no absorption at 280 nm was detected in fraction 14, which exhibited high
enzymatic activity (Fig. 1A). Conversely, Coomassie Brilliant Blue staining of the gel
after electrophoresis showed that fraction 14 contained almost the same concentration
of protein as fraction 6 (Fig. 1B). Based on the above results and the amino acid
composition of protein A and B, explain in approximately seven lines whether protein

A or protein B in Fig. 1C corresponds to fraction 14. Include your reasoning.

(2) The peptide mass fingerprinting method was used for protein sequence identification
by mass spectrometry. Explain the principle of this method in approximately seven

lines.
(3) Electrophoresis results suggested that the molecular weights of the proteins in

fractions 6 and 14 are almost the same. Nevertheless, gel filtration chromatography

showed a large difference in their elution times (the fraction with the smaller number
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had a shorter elution time). Explain what may have caused this difference and design
two experiments that can be used to examine the influence of the factors you identified.
You can use diagrams in your answer. Your entire answer should comprise
approximately 25 lines. The three molecules used in the chromatography as markers
have molecular weights of 20,000, 70,000, and 11,000, respectively.

A C Amino acid composition of
the proteins (%)
(]
:; Amino acid| Protein A | Protein B
©
E Ala 9.4 3.8
Arg 6.1 2.5
[
2 Asn 4.8 2.1
©
& Asp 71 7.6
1 6 11 16 Cys 21 0.8
Elution fraction number GIn 4.8 4.2
- e '\Snz’:‘kzlf :|ABS280 —e— Enzymatic activity Glu 6.9 6.7
Gly 9.6 9.2
B « Fraction number His 0.8 3.8
5 6 7 13 14 15 lle 7.1 5.5
=R =E=E=R=E=== =T 7.8 8.0
Lys 8.8 8.0
100,000 == Met 2.3 0.8
= 75,000 == Phe 0.8 5.0
2 Pro 4.8 4.2
= 60,000 = Ser 4.0 4.2
©
§ 45,000 == — == — __ Thr 6.3 7.2
° Trp 0.0 5.0
< 25,000 == Tyr 0.0 4.2
15,000 == Val 6.5 7.2

Fig. 1. Purification and analysis of Enzyme X
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Section 7; Molecular Biology

Answer all of the following questions 1 to 3.

Question 1: Choose two topics from the following (1) to (3) and explain each of these in
approximately eight lines.

(1) DNA methylation

(2) Regulation of gene expression by riboswitch

(3) DNA replication mechanism in the lagging strand

Question 2: In a certain bacterium P, protein A encoded by gene a is a transcriptional
regulator that binds to compound C and controls transcription of gene . When compound
C 1s added to a culture of bacterium P, the mRNA level of gene b increases. In the
transcriptional regulation of gene b, protein A may function as a transcriptional activator
or a transcriptional repressor. Describe two experiments to determine whether protein A
functions as either an activator or a repressor, including the expected results. Your

answer should be approximately 20 lines in total.

Question 3: To investigate the mechanism of replication initiation in bacteria, a plasmid
was created that expresses a helicase of bacterium X in response to compound x and
expresses a helicase of bacterium Y in response to compound y. After introducing this
plasmid into bacteria X and Y, strains X' and Y' were generated by deleting the helicase
from the genome of the respective bacteria. Figure 1 shows the results of the measurement
of DNA replication activity 1 hour after the addition of each inducer. Based on these
results, propose a hypothesis to explain the relationship between the DNA helicase and
the helicase loader during the replication initiation step. Describe experiments to test

your hypothesis. Your answer should be approximately 20 lines in total.

—
o N O
© u o
] ] ]

Fig. 1. DNA replication activity in
strains X' and Y.

Relative replication
activity (%)

25— (+) indicates that the respective compound is
added, (-) indicates that it is not added. The
0 vertical axis shows the relative value of
lication activity in each strain, with the
Compoundx — + — — + — rep ’
C P d maximum replication activity in each strain as
ompoundy — — + - + 100%.

Strain X' Strain Y’

26



Section 8; Cell Biology

Answer both question 1 and question 2.

Question 1. Answer the following (1) and (2) regarding the cell cycle.

(1) Explain the role of cyclins and cyclin-dependent kinases (CDKs) in the progression of

the eukaryotic cell cycle in approximately 10 lines.

(2) Suppose you discovered a novel chemical compound that induced cell cycle arrest at
the G2 stage. Suggest a potential molecular target of this compound and propose a
hypothesis to explain how this compound induced cell cycle arrest with regard to the

function of this potential target molecule in approximately 10 lines.

Question 2: Read the following paragraph and answer (1) and (2).

The kinetochore is a key protein complex involved in chromosome segregation during cell
division. During metaphase, the chromosomes align along the metaphase plate, and
microtubules extending from opposite spindle poles attach to the kinetochores of sister

chromatids.
(1) During anaphase, the kinetochores play important roles in chromosome segregation.
Explain how the kinetochores interact with the microtubules and regulate

chromosome movement in approximately 10 lines.

(2) Explain three potential causes of aneuploidy, and discuss the reason why aneuploidy

could be harmful to cells in approximately 20 lines.
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Section 9; Genetics

Read the following paragraph and answer all of the following questions 1 to 5.

In the fruit fly Drosophila melanogaster (D. melanogaster), ovarious techniques have

been established to induce gene mutations. A mutant named nemuranai, which showed

abnormality in sleep, was isolated from the mutant lines constructed by inducing random
mutations in the genomic DNA sequences. nemuranai mutant flies showed significantly
reduced sleeping time compared to the wild-type D). melanogaster. Subsequent studies

showed that nemuranaimutants had @)a null mutation in the gene encoding the dopamine

transporter (DAT), and were recessive for the sleep phenotype. DAT is a transporter
located on the plasma membrane at axon terminals and is responsible for the reuptake of

the neurotransmitter dopamine from outside the cell.

Question 1: For the underlined (i), describe two methods for mutagenesis and explain

their principles and the differences between them in approximately seven lines.

Question 2: For the underlined (ii), briefly explain what kind of mutation a null mutation
is, and describe two types of changes in DNA that can induce a null mutation. Your entire

explanation should be approximately seven lines.

Question 3: Explain in approximately seven lines how dopamine regulates sleep in D.

melanogaster, given the information above.

Question 4: Describe what kinds of effects are desirable in drugs which can be used to
study the effects of dopamine on sleep in wild-type D). melanogaster and explain why these

drugs are suitable for this purpose in approximately 15 lines.

Question 5: A double homozygous mutant of . melanogaster was created by combining a
hypomorphic mutation (a mutant with reduced expression) of another gene, gene x, and
the nemuranai mutation. The sleep of this double mutant was restored to the same level
as that of the wild type. Describe two possible proteins the x gene encodes, and explain in

approximately 20 lines how you think sleep was restored by each of these proteins.
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Section 10; Developmental Biology

Answer the following question.

Question: Describe in 40 to 45 lines how morphological changes at the single-cell level
contribute to embryonic morphogenesis during gastrulation or neurulation. Include
descriptions on the molecular mechanism that regulates the cellular morphological

changes in your answer. You can use diagrams in your answer.
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Section 11; Plant Physiology

Answer both question 1 and question 2.

Question 1: Explain the following topics (1) to (8) in approximately three lines each in
relation to the physiology, developmental biology, biochemistry and molecular biology of

angiosperms.

(1) karyogamy

(2) plasmodesmata

(3) egg cell activation

(4) allopolyploid

(5) phytochrome

(6) inhibition of hypocotyl elongation
(7) T-DNA insertional mutation

(8) photoperiodism

Question 2: Choose one from the following (1) and (2) and answer in approximately 25

lines.

(1) In a cross between a certain angiosperm A and angiosperm B, the pollen grains of plant
A germinated on the stigma of plant B, and the pollen tubes elongated in the style, but
the pollen tubes did not reach the embryo sac. These findings suggest that there is a
difference in the pollen tube guidance mechanism between the two plants. Explain the
reported mechanisms for pollen tube guidance, and provide a hypothesis to explain why
pollen tubes derived from the plant A pollen grain did not reach the embryo sac of plant

B. Describe an experiment to test your hypothesis.

(2) One of the mechanisms for regulating physiological responses in plants is the
regulation of gene expression through modification of nucleic acids such as DNA and RNA
and chromatin remodeling. Choose an example of plant physiological response regulation

involving such a mechanism and explain how this mechanism works.
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Section 12; Histology, Anatomy, and Animal Physiology

Answer both question 1 and question 2.

Question 1: Read the following paragraph and answer (1) to (3).

Arteries and veins often run in parallel to each other beneath the body surface of
mammals. In a mammal with a mutation in gene X, this parallel organization of arteries
and veins was disorganized, and the body temperature homeostasis was disrupted. Figure
1 shows the results of blood temperature measurements in wild-type mammals and the
mutants for gene X when the mammals were exposed for 1 hour to low ambient
temperature (5°C). Table 1 shows the results of the measurements of core body
temperature in the same mammals. Furthermore, wild-type mammals were exposed to
low (5°C)or high (44°C) ambient temperatures, and the blood flow beneath the body

surface changed as shown in Figure 2.
Wild-type animal

37°C 29°C 22°C
Vein - 15°C
36°C 28°C 21°C
Mutant for gene X
37°C 32°C 28°C
24°C
Vein
16°C 18°C 21°C

Figure 1. Parallel organization of arteries and veins and blood temperature

In wild-type mammals, arteries and veins run in parallel to each other beneath the body
surface. In the mutant mammal, this parallel organization was disorganized, and the
arteries and veins were distant from each other. Arrows: direction of blood flow;
temperature: blood temperature after exposure to low ambient temperature (5°C) for 1

hour.

Table 1. Core body temperature changes upon exposure to low ambient temperature
Mammals were exposed to low ambient temperature (5°C) starting from 0 hour, and the

core body temperature was measured every 1 hour by inserting a thermometer into the

colon.
Core body
0 hour 1 hour 2 hour 3 hour 4 hour 5 hour 6 hour
temperature (°C)
Wild-type 38.1 36.5 36.2 36.4 36.4 36.3 36.2
Mutant 38.1 36.3 34.8 34.6 34.2 34.0 33.5
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(1) Discuss how the parallel organization of arteries and veins contributes to body

temperature homeostasis in 10 lines.

(2) When wild-type mammals were exposed to low (5°C)or high (44°C) ambient
temperature, the blood flow beneath the body surface changed as shown in Figure 2.
Taking into account the results shown in Figure 1 and Table 1, explain how the blood
flow change may have occurred, and how the change in blood flow contributes to body

temperature homeostasis in approximately 15 lines.

(3) Explain how homeostasis is maintained in animals using an example other than body

temperature control in approximately five lines.

Question 2: Explain how the vertebrate retinal neural circuit processes light information
using all of the following terms in approximately 25 lines. You can use diagrams in your

answer.

Photoreceptor cells, bipolar cells, horizontal cells, retinal ganglion cells, glutamate,

hyperpolarization, depolarization, ON-type, OFF-type, receptive field, lateral inhibition
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Section 13; Biophysics

Answer the following question.

Question: Various discoveries in physics and chemistry have advanced life science
research. Choose two topics from the following (1) to (4). In each case, explain the topic
and discuss its importance to life science in 20 to 25 lines. You can use diagrams in your

answers.

(1) Calcium imaging
(2) Artificial synthesis of membrane vesicle
(3) Uphill excitation energy transfer

(4) Differential interference contrast microscope
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Section 14; Mathematical Statistics

Answer the following question.
Question: Read the following paragraph and answer (1) to (6).

There are four ABO blood phenotypes in humans: types A, B, O, and AB, and the
mechanism of inheritance can be explained by the one-locus and three-allele hypothesis.
That is, there are three alleles, A, B, and O, at one locus, and both 4 and B are dominant
over O. A and B are co-dominant, and the phenotype of their heterozygote is type AB.
However, the mechanism of inheritance can also be explained by the two-locus and two-
allele hypothesis, in which there are two alleles, 4, a and B, b, at two loci I and II,
respectively, and the genotypes of type A are AAbb and Aabb, the genotypes of type B are
aaBB and aaBb, the genotype of type O is aabb, and the other genotypes are for type AB.
To test which of these two hypotheses is more plausible, we examined the blood
phenotypes of 100 Japanese people and found that 39 were type A, 36 were type O, 18
were type B, and 7 were type AB. Based on these results, answer all of the following (1)
to (6), which reflect the process of testing the above two hypotheses. Note that we are
assuming that the Hardy-Weinberg law holds.

(1) Based on the one-locus and three-allele hypothesis, let the frequencies of alleles 4, B,
and O be represented by p4, pg, and po, respectively. Using this notation, represent

the frequencies of the four phenotypes of type A, B, O, and AB.

(2) Based on the results of the blood groups of the 100 Japanese people, calculate the

values of pyu, pg, and py, respectively. Include your calculation process.

(3) Using the values of p,, pg, and py, obtained, calculate the expected values of type A,
B, O, and AB individuals in the 100 Japanese people, and test whether the observed
values fit the expected values using the x2 method. Use the 5% significance level and

the corresponding x? value of 3.841.

(4) Based on the two-locus and two-allele hypothesis, let p, be the frequency of allele a
at locus I and p, be the frequency of allele b at locus II. Assume that loci I and II are
located on separate chromosomes. Represent the frequencies of the four phenotypes,

type A, type B, type O, and type AB, respectively, using pZ and p?

(5) Based on the results of the blood groups of the 100 Japanese people, calculate the

values of p2 and p?, respectively. Include your calculation process.
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(6) From the values of p2 and p? obtained, calculate the expected values of type A, B, O,
and AB individuals in the 100 Japanese people, and test whether the observed values
fit the expected values using the x2 method. Use the 5% significance level and the

corresponding x2 value of 3.841.
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