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p=1{1(}

FHoE P

FLEN I 31T D A O I T ER R e B IR, SRR L OWRHAEIZ K
DRSS, MEVEARSIHIA T & 2 IR O RITEEAIACLC & 72 2 AR ARSI AR I
~ U ATBWTHEER 6.25 H (embryonic days 6.25; E 6.25) JRTAL= 7 7 A hMHE
23T Blimpl 3 KO Prdmi4 35 PERIRL E L CHIBLT % (Ginsburg et al.
1990, Saitou et al. 2005, Saitou et al. 2012, Matsui & Mochizuki 2014), <& D%, {KHH
fa oy 20T L0 ¥EHE L 7208 © T REAFE A~ 87 2% (Saitou e al. 2012, Tanaka &
Nishinakamura 2014), REDOVEREMNAE U 5 E12.5 £ TITIF & A K ORAIR A
fuixBEh 2 5E T L, EWMREEOMICH > THFESILEBHBT 5
(Albrecht & Eicher 2001, Adams & McLaren 2002), PEFFEA) /L1 D E14.5 I
TIEHFBENL WS NI VF A Vg a MR AR 2 K95 2 & T,
PRHAAE 53 70 IR Sy S~ & M oy SRR AT L. NRER A~ & 41+ 2
(McLaren 1984, Oulad-Abdelghani et al. 1996, Koubova et al. 2006), * D%, 3K
O YIREAIRD % /72 SRR AN 5 > A MEEN 5N D K 5127225 (Pepling
& Spradling 2001), HZAE%, Z O A MEENFRE L, —>—D>OIIEEHIIE S
SRR PH E T JFARIR AR A Al S 4L, ARTEIC B W\ TIRRHMI AR 23 A &
N5 E TIRIRIREE 2 #5935  (Pepling & Spradling 1998,2001), F7-. JEAAIPN
PIEAL S 45 F TITITA T OIS — R Aai ok 5, —7.
AR E SR, —HEOBFURIIAA R~ BT 5 &0 — I, ZkIp

ks KL OMLRINE~ L ERFER L TV E | KGR Z5%ET Lic 77— 75l



fa~LE 5, ZOIEE & FRF L CIREMRORE b ET L, FERRE IR
MR, AR AR AR 2% C . 40 ICER L7 9EZH (Germinal vesicle: GV)
HIRRHRIIEIC B D, FERRE SRR GV HIIPRHII A~ & a3 2 il 120
FHAIf R R AR & X, ~ 7 ATiIdB L% 3 M. B FTlEBEZE 3 AL

ks 77 —7HRNO GV BIINREMIIL, BT RIS T, PRI S A,

— BB R AR S, B AT (Metaphase in the second meiosis; MII)
W E TS AN EIT L, 2R HE7e MIT IO -~ L AT 5, 2 GV #i5p
REE A MIT HIRF-~BAT 3 2 8RR 1IN R I pl Bus e & E T, ~ 7 ATl
¥H, B FTIEBLZE2HZET S,

N3G DTN A 2 OrfET 2HE )1 (G84ERE) AL TRV, ZORE
REDMERFIL, IR~ o3 b & 13N, LT, IFREIIR R Iz W TA T
%o ZDOTDIFREIIIRIITRARE AL TELT, lkELXZET L GV
IR BN TR U O CRAERFEAERNDRE SN D, IR R R
BOTHREFRICIR SN D I har R 7 EOM/NEE SOk 2 70 8{n 1
® mRNA - Z 37 B ORI PR AR~ DT E PR S TR |
I HDKRFITEHERF RSN TV D (Zhang & Smith 2015), FREEHIIAAL
RAZHE D Mt o XOHINE, Z ORMERFORTEEZ R 5 B2 6N TEH
D, ~ T AR CIIRE 2R D Z & T, MRERN 15 pm 225 75 um £ T
FR{td % (Hirao & Miyano 2008), & 7= AHILE ~DRHER 1 DEFR D 272 57,
B 7253 K OWRF AT R R R 72 IR DO REERI R T & 2 38 B O B 45

b, ZOIFREIaR RIS IC W TES S D, BARESICHIT T, R



YIEEMIAE Tl FHERT-& LT BALD NirpS <° Zarl, Ooep, Tle6 33 Z NG
HCHA E# DR & X B 20— T 5 Zpl R° Zp2, Zp3, Actb 72 £ DEx
FTRERICEGRB IR Z Enmbinngd, T, BERT & LT
BET HMREM A/ NRE THD I bar FU T, IR AR s T
722 b2 U7 DNADOEBEZITW, 20— CHREAERRICBW T b=
> RU7 DNA EHAZWMEIT22 LT, BEFHFIIICEILII a2 R
DNA BRI\ o TenT v 7T A I —Dfafitt & /RIS Z T2 (Cao e al.
2007), Z D X S ICHIREHIR R R IT L A T X v 7 Ml O b & R,
BN SBE ISR T RBFIE R N =2k W illfT T2 2 3B HN D,
L LS, BERTF-oRSR 2 o R 7 B o — N9 5 8 s O R 5 R
R, I b3 v RY PO A SR 20 THREITIA S L 7o Tz
VW, ZNFE TIZRMERTTH D Nips X0 Zarl 72 & OEE T, NOBOX <°
FIGLA (20K S 2 ONEH i R IR AT 2 i 285 % » b U — 27 OTEME(L
%, B X LRI B a— K15 Zpl £27Zp2. Zp3 & RIREICIR R A 1A
BB AFEI NI b, PRI IS 1T 2 REPER o ME R o &
570 & OYNEEE AR R (2 36 0 D R BAUEAR 7R BL 2 DRI HIE 3 S 8
Ty NT—7 OFENTRE Sz (Hamazaki ef al. 2021),

¢, ZHE TITIREIIE - 987 O RAERESO RO ER L OZF DR
SAELE BRSNS B R D mE SN TE T, ZORABE L TET
B REH e Rl B R 2 (RO BB 2 (RS S 28 (in vitro maturation; IVM) 23R

HEENT, IVM X, 7Y SIRRHIA 2 IV T 1935 ARSI TS &, R



T, RUART v b, ¥, BV, TH B RMRERALREVEICE T D
IVM 2345 4172 (Pincus & Enzmann 1935, Eppig 1977, Hirao et al. 1994, Harada
et al. 1997, Torre et al. 2006) % D%, IVM & BN (in vitro fertilization; IVF)
B X OMRINEEESE  (in vitro culture; IVC) Z#AGHOE D Z & T, IIRHARNA A
T L RARER KO AR ORI ATRE L 220 . HER 9 Hili~ v AHRO A
RSN REMI 2> & AR 21 Bilin~ 7 AHKO GV HIIRAIICE D £ T,
Bk 7o R B PRI BT A IRREIIR O 2 > BT v o — S REE S v, I RERERE AR
IHE S T2 EARE R X OV A REIE 1S O 45 M3 /R 47 (Cross & Brinster 1970,
Sorensen & Wassarman 1976, Wickramasinghe et al. 1991), % ®—J5C, Eppig IZH
A1% 8 B~ U AINEICHRT 290> 7 A OERMNERIC LY | viex
T2 GV BIINREMAG A AR 2 S R 52 (in vitro growth; IVG) A L7z
(Pincus & Enzmann 1935, Eppig 1977, Hirao et al. 1994, Harada et al. 1997, Torre et
al. 2006), D%, b b, UHF, UvBIOT X2 ETIVG & Wiz in virro
IR O VEH A3 S &7z (Pincus & Enzmann 1935, Eppig 1977, Hirao et al.
1994, Harada et al. 1997, Torre et al. 2006), Z#UE TIZ IVG Fr L DM b iy
SNTETBY, TORT, FIRIRERIOBRMSRLE L IVG B~ D & sy
FlEEHARY E= e n ) RUORNC &Y BHFERBEARIGEN RSN
(Eppig & Wigglesworth 1995, Hirao et al. 2004, Hirao et al. 2012, Mizumachi e al.
2018), IVG Z1Z U L% IVM, IVF 38 LU IVC [338% 20%0 32 1 5EE T
THEMEND, THUTETHIRNBERIRE 2 - 9% & i+ 2 L mFRETH D

EBER DIV, RERMRAREIC &2 IR R~ DEZ BN RS S5 08, H



EE TICEE IVG KR BHRRE DR EITITE > TWigw (Fischer er al. 1992,
Basini ef al. 2004, Clark et al. 2006, de Castro et al. 2008, Redding et al. 2008) ,

MAFIEE TIX, B HAEIBATRIO E12.5 ~ 7 AMBFHIINEE in vivo
BT A AR 10 His (post-partum 10 days; P10) (ZARS2 17 HREIOZRE B
FAHWMLUC ORI Z MBS L, IVG EflAGhHE 5 2 & THEERIINRED S X
OPEFOEHIC KT L= (Morohaku ef al. 2016), F£72iT4E, ~ 7 AZBW TR
PEERAI IS KOV L2 RB MR AL 32 0 i [ A= S R R Bl oD 43 AL A8 1 3 e ST
& 7= (Hayashi et al. 2011, Hayashi et al. 2012) , /3UiF38 & 7= dhJs AR S AR ER
Aia &~ o 2 IIDN B SRR 2 B R AR S, SR BRI KON IVG Ik
5 Z LI XD RN RSB S AL, 2 KV IR - DRI Ao
OIS D RSB ATEE L 72 57 (Hayashi ef al. 2017), L L Z DX
9 7 in vitro SRR D FEAERRIL in vivo IR REMIAE & bbiie L TRV (Morohaku ez al.
2016), A E TIZYUAFFEERTIEL, E12.5~ U AJR{FICHRT 283 17 H B O5F
B, PO~ RICHKT S 10 HEOIIER, BELO P10 v~ 7 RIFHEDOENE
D ZRIIE AR L, 12-14 HE D IVG IV T, 17 O TVM & FhE 3
528 XRARINTFZAPE L T&E o, BEMBEORBMEIZME> T3 AERDOKRT
NTRINTA, 26D IVFIZE W ELNZZREININTILOHEE D 20%F2
JE UM AR & CRAETE T, in vivo JIRHIIEDOFEASR 59% & g L C—
FRIIE W AEBEZ R L= (Figurel-1), 2D Z £ D in vitro JRRFHIIE O AR

I, BEMMICL ST, BATO IVG 21T 2 UNRERINE D38 A e B 158 o



AREEMITERT A Z &R i, IVG IR OB AR FEIC L D in vitro
JiF1EHARICEB T 2 RUGEN IR S vz,
Z ZTAMIEIZ~ U A IVG DR ERGERIEFRIRE OGS L O 04 jRdk

R D 0 TAW IR OBfR 2 B L L, AT 2 S LT,
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Figure 1-1. in vitroBBF D F A RERRHT



B U RAIVGEMMBEBSRMOWREE I har R TEEDOF
Bt

HH S

~ U AIREL L0 B L 72 IR A (RSN CTRUE ER R T S IVG IZIR R AR
R RO L. AR AR 2 22 WO BRI RG> S B RE 09 IR R R
ZAREL T2, LLARR D IVGIZ XD EH S 47z IVG IR O sl ds X
OV ARENT in vivo JIFHMIAE & kR THEICS D 2 L 03 47z (Morohaku ef
al. 2016), Z DO Lh b, BIATO IVG IO % 1%, 4G 59 568
HHT LRI E ZREDOARTERR LD THD Z LRI,

IVG XU & L, IVM, IVF BE O IVC 1L 20%0 35 8 B ¢ 3£
SNDH, TIUTEIEEGBREE I DIERIRAE 2 - 9 % & il 5 L sk
BTHLEFAD, o, TNE TITIMRER I - T2 I ER = A DR T
M X T % (Fischer et al. 1992, Basini et al. 2004, Clark et al. 2006, de Castro
et al. 2008, Redding et al. 2008), IFRRRLRZ Y - 72 INHE L BMIME ORLE -
MHAL S HE S, 20D O ERITIPREANE~DRELH/VE G LUK
W OPEH ORI A 08 LTI R~ DT SR 6N 5, JIaEREE DK
e 2 LI X R AR IZ 3517 5 Hypoxia inducible factor (HIF) “Z27EM: % 6] b &4,
HIF T Vascular endothelial growth factor (VEGF) FIFHE, BLOZThIC
o el RIM N~ DO MEF EOFHENH|E SN TRV | (RERFE BRI M8

Ha LTI R~ 592 LS N T\ D (Neeman et al. 1997), —



T, MEHEZA SRV~ T 2 ZRIIFLO IVG (230 Tl i R 4 20%05%
FEIRPE LR U, S%RRRIRFESME TSR T D IVG IR O s ARE R L O 4
BEDOUEN RS S 7z (Eppig & Wigglesworth 1995, Neeman et al. 1997, Hirao et al.
2012), ZAUC KV A EZ I S 720 OMEEIC X o TR SR BR B2 23 I REHI
R D REAEER L OV AERRERICH 5T 5 2 LRB Sz, — T, MEEAGM
FREREE T OWEFRIRIE 2 - 9%ITHE 23 2 #iPH T OFEM R 85 B 3R S O BT

O TELT, FERAERUEL R TL2HROAHATH S,

fth 7 CREVEIR 7 & U COR PRI 2/ L TR~ S U5 M NS s o —
ThoI har FUTIE, IR R RSV TR L, £ D% O IR
Fa s FE TIEFE 72 ATP SRl i U COMRERIIa A OHEITIC % 5% (Yuan e
al. 2016), ET-ME~PA SN F a3y R U TSRO L 72 % Fe B A R IE
RINBNTHRDERILAY Y IR E R L, RIS 5735 (Houghton
2006) ,

I Ay RU 7L ATP AERHCE AL E L TBEAFIHNT 5720, KiE
MRFEERE & I b N IR EBECEE T 5 (Sung ef al. 2010, Tiede et al.
2011), ZHVE TITER % 2BV ORI L O T, R REERIC L D
kay KU THSREOUGE 2 o 7o sEGES L OB AROUCENHE Sh T

(Pabon ef al. 1989, Legge & Sellens 1991, Umaoka ef al. 1992, Li & Foote 1993,

Kitagawa et al. 2004, Iwamoto et al. 2005) ,



Z 2 CARFEBERTIX IVG IRREIR O3 ERE N e Kb 5 Bl e 3 5 2 a9
5 EEHIT, IVG IR E X O FENICHKT S IVGIIFICBIFA I ha v R

U7 OFERERAT 21T > 72,

10



M MR L UT5E

1. fEAEY

RIEHT CTRWTZ T X TORE BDF1 ~ 7 A (H4% 8 BHLIKE) XTAAZ L
TEVEEAL, —HEEULOBIEE, #TICHE L7, £72 DBA2N L&/ L
7oA CSTBL/ON ~ DU A% HARZ LT LA L, fET 5 2 & THEFTIC iR
T 2HEM BDFl vV A %572, 2B TN TO~ T AIXTRT 8 RERLT T4 8
IRFYH AT 12 WERET BT 3. TR 20 - 26°CH KON 40 - 60%5:4 T O M RIER
PR A MESRERNTE v & — > SPF X CTHIE Uiz, AHILHRER B 2 [kt
%, RKITWRE G A AGEK 2 RS L, B BB EE, RFRICE T 2425
B, REBEBERTFOHYEREENMH -2 (B LG HARE S

2020048) .

2. GV HIIPRH RIS O MIT U+ DO FEER

0% 5 AR B 0 s BlE BDF1 ~ 7 212 5 IU pregnant mare serum gonadotropin
(PMSG., ASKA) #JEFENTEST L. PMSG LEEZ Jiti L 7=, PMSG 4LEE 44 - 48 [Rf
M2 D~ 7 2 ZSMENLFIIZ K 0 ZZBREALEE U 7o, AAVEIYFiEZ W CURR 2 8
¢, 240 uM Dibutyryl-cAMP (dbcAMP, Sigma) #si1 M2 £5HIPN Tz K{k L 7251
fan b U P8 (NIPRO) BLUOAT T AX ¥ BT U —% HWTRERA
Cumulus Oocyte Complex (COC) Z[E L7z, #T7AX ¥ T U —% Mzt

Ny T X0 UM 2 el BRE LT GV IO REMIN O 7 A fRAT I

11



A L7z, F7- PMSG ALH 44 - 48 K[} #% . 51U human chorionic gonadotropin (hCG,
ASKA) ZEENESN 5 2 & TRRPEIMLHE 21T > 72, hCG JEFENTES 15 -
17 WEEIB IS SEMERLFTIZ & 0 22500 AVER U 72 @ FIRIPALER ~ 7 2 1 0 SV RHH ik
ZRAWTIE ZEE L7z, 03 mgml b 7/bn =% —¥ /M2 EH#HN (Sigma) T
VU U E AW TIER R L D A COC A LT, WIAF YT Y —
AW EN YT 0 IRV I Z B RIZBRE L, BB 2

LT H D% MILEAIN - & U THMTICHSEA L 7=,

3. IRUPAE O BiEERS & ORI IR RE A O PR HR

EL5T ) & W2 BRI X 0 ZeREAEALER L7 P10 BDF1 ~ 7 A L 0 AR TIE
EHWTIIREZRE L7, 04%KR ) =111 R (PVP, K36,000, Sigma)
AN LIS 5z VT, 27G S (NIPRO) & FHVC RN AE A HLEE L 72,
BR L7 ZRIEE, T 7 4 A A NTEST 0.1% 2T 47— / L15 B
200 pl OFUINFIZHT T AX ¥ BTV —2HANTH L, kL (9043, 37°C),
HITAXXET V=AW T 4 7Ok, ARERRY O A IEL
#7212 0.05% kU 7 -EDTA (Sigma) 200 ul Mz, yE{LL7= (10 4>,
37°C), Z0H, HIAXXYET Y —ICLDERyT 4 VT E2ITVRBIL,
ROMIE X 0 8& U 72 R IR 2 B, 4y 800 M2 BE CUif L7, £
B U7 B MO0 RER R X B AR S 8 K OV EAT 2 7 b 7 = 7 Tmagel
(Schneider et al. 2012) 12 KX DT A 1TV BRI L 72 R BIIRREMIR D 5 5 |

GV MHER S 7= b D ZfRHTIC R L7z,

12



4. RO ERERFE (IVG)

B L 72 I A 0.1% = 7 7 —F¥ / L15 §5H (Sigma) (2X Y 28 /3D
BERAVERT: . 0B 0.4% PVP USHI L1S Es i Ceid L=, JLERR O “ RN %
Transwell collagen-coated (Transwell-COL) A > #— Kk X 7 L > (Cornig)
(B S 5% VHE{FME (Fetal Bovine Serum; FBS, Sigma). 2% PVP, 0.1
IU/mL JFfa ¥ A< v € > (FSH, MSD) ., 1.5 mM 7 A 22 /)L & & (Tokyo
Chemical Industry) ., 10 units'ml ~=3"U B LN 10 pg/ml A FL 7 b= A >
(Sigma) %S/l minimum essential medium alpha (alpha-MEM, Gibco) 2T 12
AR L, 5538 3, 5. 7. 9 BX O 11 HHIV-EOR A% I L=, B
BIZHWTA o F 2 _N—F — Tl R SR 20%EEFRIRE (37°C. 5% COa.
95% Air) (ZHNA, ZEHRIFIHIT X DM ERENC X > T 5%, 7% LT 10%}12
FEMER T, BEEIT T, BBIRFMFIC L DELINEHMIIL. ZO%DIK
SEEFE (IVM, IVF B XLV IVC) 13 IVG & [RIBRBESM FCHhE Lo, B4
BRLORETREOREEZSBEIC LT (Morohaku et al. 2017), 72 BAMILTIL
IVG IZ X W AEH SN IR Z TVG JPREMAG & FERR L, & OBE IR R LRI
JE U T, 5% IVG, 7%-IVG, 10%-IVG ¥ & O 20%-1VG JPEHHEIE & 2 312 FUERR

L7,

5. RSN VM)

13



BRER U 72 R COC % (A Fh AR 28 5 Hh; 5% FBS. 0.1 IU/mLFSH, 1.21U/mL
hCG (ASKA). 4 ng/mL EZpEKF (EGF. Gibco), 1.5 mM 7" A /LB,
10 units/ml X=>V B LN 10pug/ml A F L7 h~A UM a-MEM (24 Z A
FyETV—2HNTBL, Vo LHOBENC L 504 % 2 BT 2%, K4+
AL A 400 ul 22 72 4-well 7 L— MIZ T 17 BEfEEEE LT, BE8ida v

X aX—F—NTIToT,

6. AR L UWREEE (IVE B L TUVIVO)

SEMERLFIIC X 0 ZRRSEALER U 7= 8 BDF1 ~ w7 ANE BB R 2 BRE L 7=,
PR MR & PR Lo, S ERT 4 v v add A v~y M
MAWTitd, U Ut a W TR 32 B, TYH £ (LSI A7 4 = )
1N 200 pl 7 C 90 SR DRI 2 FEki Uiz, KT USINERNICT 7 A% ¥ 7
U —% W THEA COC &R/ 28 A TYH B2/ NiE (100 ul) (28 Lz, Riks
BHROBEFREESy b~ 12K D Swim-up I XK 0B L, K452 A0
TN U7z, BIRSF-BE3. IVG HERIIF-05E 1.5 x 10°, IVM HRIIF- 0
BB 2 x 10°, in vivo HSRIFF DA 4 x 10° sperm / ml & 725 K D IZFHFE L=,
A F 2 "—Z—NT4EH O IVF D%, TYH BUNE I TSRl L O
TEHNTAXR YTV —ICXVBRE L, BREEH KSOM+AA (Merck) /)

WSulliZIF2B L, T AX v 7 U —% RO 72U OB 8N X 5 i

14



Z=[RILL BT o7, ZDH%, 2HIENRA OGNS DZZIFINE L, KSOM+AA 1
ul H720 128 & 705 XD ITIRFEAEMEHIZBEI L, 5 ARORERR LU 24
M3 & DIRDOIZREBIE & Fhin L. IRFEEREZ AT L7z, U 35 mm dish
(Falcon) (ZAER L., +HBEDOA AN (FHTATRAY) THEoTz, KERIC
Wiz ToM/NNEEMIEATA X0 S L, B L7e, AR

Tukey-kramer /512 X D MEZ1T o 72,

7. T —TEHWEI Fayv R U THRED RN

GV IR/ LOMILIIR -0 X b= RUTREB LI har kU7
BEEAL, ROS #HAf&% MitoTracker DeepRed FM (Thermo), JC-1 (cayman) 5
F O* CellRox Green (Thermo) T X 2 FFEAYHOE T v — 7 Yuthds UL RBAM
B2 T s OB ) 2 L2 K 0 i#HT L 7=, MitoTracker DeepRed 13 100 nM,
JC-11X 102 4%, CellRox Green (% 500nM & 725 & 51 M2 EEHICTAHR L, Yt H]
/N 30 pl ZFfHE, T T 4 A A VB YN 2 B L T2, IR REHE
fuds X OURF 2 Yt AT/ NEIC T 7 A% v £ 7 U —%2 W TH L. MitoTrakcer
DeepRed ¥ L T CellRox Green (3 1 IK¢fE], JC-1 1% 15 73ffA > F 2 _X—2 —HT
WiE L7, #ER, oo M2 B5HiClEL, W I7ARMLAT 1 v va

(MatTek) (ZFERK L 728123 M2 K50 5 pl I L, Nikon Al G R L —
VBB (Nikon) BX 2055 L X CFI 77 > 7 "7 v~ — b Lambda

20X (Nikon) Z F\T z#if 2.5 um Z & OAOEEIE Z TS L=, &V 7 /Lol

15



HEPRRERD zICB T 2ENT 7TV EBEGHSTY 7 b =7
NIS-elements (Nikon) (Z XV ENT L., 27 B/ BT b OO E 2 TS L7z,
HRERE O in vivo BEFYMECRRE S5 2 & THAMEZ FH L, LT icfitak
L7z, BFEREIZE L CR—EEEGRGRMICID T2 205 Lz, 22k
GV HIIRRHHIIE 2 fRAT 9 2 BR 1% M2 Es i 4o 0 12 240 uM dbcAMP #s/1 M2 £
iz L, Yt - BIERPORRARE LTz, otk oI L Owp
T OEARIIAR ORI TIT o 7o, &R Tukey-kramer ¥AIZ KV BiE &

1T-o77,

8. GVHUIRHHIED I b=y B 7 JRIED /R Z — il

GV HIURRMIc BT 5 hay RUTRENY — % GV JH L
(perinuclear) F & OSHIARRJE D ER (cortical) D F-HMEEE D LLERE ¢ L1250
¥8 L7-, MitoTracker DeepRed THefa L7- GV HIUNEHIfR OB BT — X 128
WCHR R RS A e Kb T2 z Bl A kI 5 & L7z, Imagel 1280 BL—JRREM
Z M ROl THRE L., crop L7c7 — & ZfifHT L7=, Imagel % H\ > T&IFRE/AR
DYV LOMEME, BV GV FLLEEL L GV BEEZIE L, 2
NHDOT—5%4 LIZUTOFEREZSEIC R & W THEAT RISk D S8

ZRM L7 (Fiugre2-1),

9. GVHIIFEEMmD I h =2 KU 7 DNA flitH

16



H—o GV IR X OYMITEIIR 72> & QlAamp DNA Micro Kit (QIAGEN)
ZMNTI bar FU 7 DNA & h—# /L DNA 24 L7z, 7'm ) —B et
(Z X0 B 2 BRE LIRS L OUR -2+ B o0 M2 B TR %, ATL
Lysis /N> 7 7 — 15 ul # & ¢ 1.5 ml loBind tube (Eppendorf) (ZH T A%y E°Z
J—%HWTKE LANT, proteinase K 10 pl Z Nz, {EFit%. 56°CT 90 4y M
& L7, ATL Lysis /N> 7 7 — 50 ul, AL Lysis /8y 77— 25 pll 8L 1 pg/ul
career RNAInAE Ny 77— 1 ul 22, BRI L7z, &HIT100%~% / —/L 50
ul Z3nE K ONER LERE (5 43, =ik #%. ©%% QlAamp MinElute column
W27 774 L. 8,000 rpm T 1 43filiE > L7, Flow-through Zfil¢3E L 7= QlAamp
MinElute column 2 AW1 }8 X TN AW2 /S 77— 500 pl (2 X 0 ¥eif L7z, 14,000
rpm, 3 43 DL KV 2 S 72 QIAamp MinElute column (Z 40 ul ddH,0O %
T4 L, #iE 24, #EiR) L7k, 14,000 rpm T 3 MO OLZITV,
k= FU 7 DNA sl Z R L7c, R L7 b= R D7 DNA gL

i £ CT—30°CCIR1E LT,

10 I h=> VU7 DNA = B —¥ & =T

Tagman 7 v & A & HWWofxh @ EEIC X0 B—IiRE 3 L OWRFIzEs T
23 b3 RU 7 DNA a =& ES 2% (Cao et al 2007), 1 H TN
Y TaqMan Universal Master Mix II, with UNG (Thermo) 10 pl, 2.5 uM Tagman
probe 2 ul, 10 mM X F 2> RU 7 DNAKFER 7+ TV —F7 T4 ~— 1 u B L

N1I0mM 2 22 KU 7 DNARFERM U R—A T T4 ~—1ul ZIEFAML 14l D
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qPCR & (20 wl Bhisk) L2, Z 212 6 pul @ mtDNA HhiH ik 2 30
L. PCR RUSIZHEGA L7 (Table2-1), H > 7/ & RIRHICHIERSZ 7 7 —=
L7 T7AI RERAWTHE LAY (100506 10° 2 —) 240
7zo PCR Btz (50°C 2 57, 95°C 10 43, 95°C 10 # -+ 60°C x40, 4°C ) LW
7 — Z FEEUE QuantStudio 3 (Thermo) (2L VW FEIT Lz, AX X — REBXOW
VT IATRAR R 2 TRERT L. ) CUE A ENTIC AV e, BRI O CiEas 1 B4k
HEN TV DT o TV IIT R R 0 BERAN LT, B &G R 1L Tukey-kramer {512 K

D BEZAT o7,

11. S ha R 7 DNAFTR 79 A3 RO

T har RUT DNA 2 E—¥fric B VW TAZ o A —RELTHWS S
AI R H—% TA 7 a—= I X VIBE L, KIFE~OERfE L O
B, 77 AI FHIC K> TR Lz, 2 v KU T oo v —HfiEhr
774 ~—ty N HWWT ddH,0 27 pl, 10 x PCR Buffer for KOD -Plus- Neo 5 pl,
2 mM dNTP 5 pl, 25 mM MgSOs 3 ul, 10 mM FpRH 7+ VUV — K7 F 4 ~<— 1.5
ul, 10 mM FF#EA Y N—R 75 4 <— 1.5 ul, KOD -Plus- Neo (1.0U/ul) 1 ul 3
X OV invivo GV HIIPREAEAE H Ok mtDNA fliHH i 6 ul & JEF1 L, PCR UGHE (50 pl
BOGHR) LT, REALIY—~ YA 7 T —% iz PCR & (94°C 2
57, 98°C 10 + 60°C 30 F) - 68°C 20 F) x 25, 4°C o0) (T & V1572 PCRFEEM D 5
% 45ul % 10x A-attachment mix (TOYOBO) 5 pul &iEF1 L. 60°C 30 4y HE IZ

&V DNA Wrhitidm(s AMINZEAT > 7, RISEMZ 2% T T 0 — A7 Wi K 58
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KUKES (100V, 30%4)) BLOxF VT AT u~A Rt (304)) (ISR L, #
BEEIE OFFE% . 360 nm $RAME F CTHI N REY)0 H L, NucleoSpin Gel
and PCR Clean-up (TaKaRa) % W\ CH U 2470, ddH.0 ([CIEH L=, £
Df%. Nanodrop 1000 (Thermo) % F T DNA JEEHIE 21TV, T-easy vector 1
pl 1ZxF LT mol & & 725 K5 ICFFR DNA &% ddH,O THi#&, 2 x Rapid
Ligation Buffer, T4 DNA Ligase (3 Weiss units/ul) & JEF1 L T, 4°C overnight T
TAF = a SR ER LT, ATy hRASOWIZT A A= a VG
2-4W Nz, KE3DFER, VA—F—ZAZHNT42°C, 35Dt —
Nravrzahz, ¥<IOKEIZRERTZ ETRERREZIT -, IWEIRR K
WZE7 ey RN LB PR BICHERE L 37°CICTHEE L7z, FH . colony
PCR 2LV HHJ DNA Wil oA v —va VGRS zan=—%2T7 B
U I LBIRIRE Iz ey 7 7w 7L, BiaksaE (37°C. 200 rpm., 16 FEfH)
R LT, BERIC K VL E#IL. GenElute Plasmid Miniprep Kit (Sigma)
12XV 50 ul ddH0 ~f#iH L 72, Nanodrop1000 (& X D& FEEHIE Dk, SP6 7T A
v —BIOTI 774 ~—2 W\ o T—— 2280 A % — RSO
M a{T o712, o W —3—  AXFASMAC IZERE L, D izfiis T —4

IZ. ATGC (GENETYXS) % HWNTHEHT L 7=,

12. ATP & =fEHT

H— O EWIINREME, GV #IINEEE R X O MITEAYRF-72 & Intracellular ATP

AEX > b Ver2 (RFEE—x v b) Z AW THIILP ATP &4 & 2 & BT L7z,
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Y EL U2 IR REAE - DR 1A+ D 0.1%8 Y B =L 7 /L a—/L (PVA, Sigma)
WMPBS Z#HWTHESEL, D& (1-2u) @ 0.1%PVA /PBS &3 8#F = —
TIWZK LTz, 3 <IC ATP JlHHEREE 100 pl Z3RINL. 6 OBy T 4 7 Xk
LR, EE -5 FRE Lo, #ER. BE 6 MOy T 0 72T,
ATP R & i . LIRS I3OK ECEE L7e, F72RIRFICATE O ATPAEHERIE (1
X 103 M) ZHWTHBRS] (104 05 101°M) 2% L=, B 96T L —
MZ 10 FO 7 Aralz, Z20%T<ICH LN UDFHE Lz ATP R
100 ul Z¥AN, SpectraMax i3 (B L F 2T —F /34 R) & U CHEEEE & %
Hrite, AZUE—=RBIOY U VIERIER 2 H50E 3 T Lz, E&

it Fe % Tukey-kramer EIZ & 0 BE AT o 72,

13. 2 fARIC BT 2 2 b v KU T REENNRT

R CHT (BT a—T7 AW har R THEEBEDOMENT) FEEIC L
T JC-1 7ua—7Z T IVF BitA 5 31 BRI IS BT 5 2 Mlaiis 2 fifsT L

77 EEMBEII-REICLVBREEIT- T2,

14. 2HfHARICRB I A X b oy KU 7 BT & BARROHRIT

IVF BA%a 5 31 K12 IC BT 5 2 Ml IR &2 fE AT ICfiE5 L 72, 100 nM
MitoTracker Green FM / M2 55H1 60 pl HC 1 el OYe etk 520D M2 %
HWTHEEIT 72, 26 D% 35 mm dish (Falcon) [ZFH4E L 7= 8152 H M2

R MU 5 pl (28 L. BTX-Z 20Ot EE (KEYENCE) Tt 4 |
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NIS-Element (Nikon) (Z & ¥ SEBEEEE 2 A% L. MitoTracker ¥ 277 /L% X b
ay RYT7EELE, T—XBE%OKIE, 5L, LinKID® micro25 5%
M7 4 v = (DNP) (2 L. IVF BRts 100 B # £ CIREER 217\, IRF4A
RE A4 HOCHEEEE & OV AH1T CEBR L7z, £72 IVF Bis 100 R 212381T 55 %E
BRI X ORI IR 2 2 MR CRHl L7 X b= R U 7 & EA I %)
TAHLEIZL > TR L, L BTy h ICR ¥ 7 A~DFEBHE 41T
72o VERCEVICR M~ O A 2 KEEREER ICR fE~ Y R LR EH L B h~v D
AL L, RE#ZISHBEIZL Y Y b~ AZSAMENLFIC X 0 2B L |
TE ARG, SREBIOEFRE DD U L, BREREICHHT 5 ERKER
FOMERFE AR 2T LTz, FEBITZ BT > 72, in vivo B E in vitro RIZE B L
TZf#EHTTIX student D t-HE A, IRFEAERRIL Tukey-kramer {£% . WRFEAERRIL X?

BEZ MW T T2 72,

15. IR ATV BIXOR3-AFALT T =N IVM

IVM B LU DR OFEARMNT I, 5 5 —Hi-5 B L O % _fi-6 [HE -
TAT o7, BRI A ClH SR RNE SR 20%5F THEME L, B L 72 in vitro YR
REAMAE 08 5 S B R e 3 20%5: 1 T 0 IVG IRRERIC sk L7z, /3~ A &
> (Adipogen Life Sciences) X DMSO (nacalai) IZX V&ML, 10mM A v
7 IR, 3-AF LT T = (3-MA, Sigma) | ddH0 2L Y 100 mM R |~

7 iR L, M £ T30 CTREFTIRAE Lo, ININEEAISBEIREEDS 1% LT &
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A X O VR A TR U7 AR IVM B2 % AN T IVM 2 5508 L7, S8Rk

I Tukey IEIZ X W BRIEEIT - 72,
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Table 2-1. SkOVF1)7 DNA QE—¥@EHICERLI-TS51<—

Oligo name Sequence (5’ to 3)

B6-for AACCTGGCACTGAGTCACCA

B6-rev GGGTCTGAGTGTATATATCATGAAGAGAAT

probe-B6 (FAM)-TCTGTAGCCCTTTTTGTCACATGATC-(TAMRA)
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MitoTracker Cortical Perinuclear

ﬁ}o_a @}1.3

1 1
oocyte GV

Figure 2-1. GVHABRER#IRRICH (TS haV R 7 BRI R FiE DB

MitoTracker % (435 Jo OV AE s BAASEEARAT I X 0 157- GV TN LM AE o> bt e 4 /)
O AR E % (Cortical) 35 X ONGVERHS (Perinuclear) Z AV 4L D SEH f
il 2 B 45 U 7=, cortical 58 4 13 JN £F 4 fd (B0 £ 80 % -100 % 23 i < F BR fE Ik % |
perinuclear fE 11X GV [E.£8 1 100%-130% A3 i < M BR fE ik & fig#rxt 5 & L 7=, DOI:
10.1530/REP-21-0209
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1. ~URIVGIIBIT 5 EHBREEORE

IHNETIZ® U X IVG 2B\ TE R IR B ORI 2L 23 (EH ON AR I oD 36
AREN BT E T 5 2 EARE N — T, K0 R e R S AT &
LTy (Eppig & Wigglesworth 1995), % Z TBWEAE S (20%) 12N %,
5%. 7% LN 10%EFREREE T C IVG INREIR A 1EH U, F8AERRARMT & 90 L
7zo fEHIU72 IVG IRREfEZ IVM 38 KOV IVE I L, MITHIPR 7~ il #vE
B X O & COREREE L Uiz, @R (MID #1907 5u/Es 28 IR0
1%, S%EEFRBET 76% (277/366) . T%MEFHE#E T 83% (181/218), 10%MHEE#f T
94% (215/228) . 20%MEFHEEET 93% (273/294) L 720 | S%ERFHEEER L OV 7%/
FREC B W T F RS 20%0E & il U THE RGO T 25380 b7

(p<0.01) (Figure2-2A), & O— 57 CHAER (MEIRIIMRE/ZREINED) X, 5%
BRFEREIL 77% (103/133), 7T%HRFEREIL84% (58/69) . 10%MeFEREIL 54% (45/84)
20%MEFRREIT 60% (70/117) & S%MEFEFEFS KON T%MFEREIZI WV THLOREL Y

BERBARUGEDN O (p<0.01) (Figure2-2B), AR L UFARDF
BEVEONOMIEHZIERIL, B S 20% B FEHED 56% & ik U, 7% ERE
T 70%Z KR ATE, —5 T S%IERFRETIE 7% R EERIER OIS ARER L3R 5
NI b BT, [FIRFICEEARORZA AR T2 E T, BROEHZIERIT 59%
LB S L R o2, PLEX Y TRII O R B BRI IVG UREEAI
DaAET IR L, SRIOBEBIIZIBW T IVG BEERRLIT 7% T

H%ZEDIRESNT, WITEFIRFAIE 20%5 000, BEMRERE 7%
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B L Win vivo BEIZEB W TIRE I % IVF % 132 FFff & THER L, WR38AEERE
TEORAERER LT, BERMMTOAFE (UG REE ISR kP
) BIORAERIT, 20%BFEREICHB VT 84% (326/387) . 86% (205/238) .
T%ERFEREIZ BT 86% (325/379). 95% (216/223) L HE/RZEIIA LN/ -
7= (Table2-2), Z=D—JT, MFAERIT 20%BFEHET 40% (50/125), 7%MEFE
BT 77% (85/111) & T%MEFRSAFICB T b A ERBAERUEL R LT (p<0.05)

(Table2-3),

FIAREOFRAEBM T L ORARE T 5 & FE WM E T in vivo BET
1% 99%. 20%MEEHET 73% (91/125) B LN T%MEFHET 80% (89/111) & [FIfE
JEDFRAEREZE R LTz, ZHD OFFEHIRIL in vivo FET 100%35 L OV 1%EEFR LT
96% 3 IR A ~TEATT D DITx L, 20%FEFERETIE 55%0 F 53 sk fa 3~ &
1T L7z (Figure2-3),

VLB RV EHEEERRE 20%KFICHRT DIRIE, SERBID & IR0 R~
OBATHNCRAEFENKIBICE T L, EEBRRRE 7%5%M: ClE 2 oy

TREENRET DL EBPLNE T,
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2. IVGUIRHMIIC BT 5 2 F v R U T EhREfEAT

I b RU T ATP AR OB TG E L TBBEAFIH L, HRmRAR
B & OO B BEMERN I 5% (Sung et al. 2010, Tiede et al. 2011), %
T CESEMESRSLIE IVG IR laD X v RU TENIEIC G 2 5805 H L,

T ERR IR 20%51F 1, EEPAFRIRE 7% X OV invivo BED GV HiPRRE
bS]

=6

s O MILEIIRF 2 figtr L 72,

%512 MitoTracker YetalZ K 5 X b= v N U 7 JRfEMNT &2 Ehi L 7=, in vivo D
GV HIIFREMAE CIEIRREZ RN ~D I h 2 R U T JRER R 6D DI L,
IVG B CIIE T /2~ T IR 2B R b7z (Figure2-4) o il 52 a1 550
(cortical) (Zxf9 5 GV J&EfxFR (perinuclear) O BN AE & 72 V) O FH KRR E 2
I 7= JRTEE AT 24TV in vivo (2 5L &I 2 IE % 72 JUAZ KA J8 30 ~ o [/ 1E
(normal) , F&& 72 INEZRE~D JTE  (perinuclear) 35 J2 ONHEAR IR JE &~ D 1T
(cortical) |2 L7 (Figure2-5), Z DGR, JIRHMIIZIZISIT D normal DE|
Al invivoE (62%. 32/52) IZHHEL T, 20%MEHEE (36%. 28/78) XL UN7%
MRFERE (27%. 15/56) TIKT L7z, 7B REMMIIEEBESMEIC I R
2o TR Y., 20%0 % BE Tl perinuclear (50%. 39/78) 73, 7%M& 3 B Tl
cortical (55%. 31/56) 23Z%i% 57 (Figure2-4), MIHITIX in vivo i Tl
HaRIZ, b LATHLER KT DI har R TS LIc—FH T,

20%FEETIE A~/ A DNA 5~

171

bov RU 7 OREE RIS LN

(Figure2-5), £7= in vivo SR D 20%EFEEREE T IVM I L W B 57 IVM
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YIF-TiX in vivo RO X b2y R T REEAA RO, BERI har Ry
TIRIEZ IVGITERT 5 L B2 b,

WIZ gPCR # HW= 3 2 R U 7 DNA 2 B —H D & BT 2 Ehii L, &/
I bay R TEREERHE L, ST ORER. IVG BT RCR BRI R Tl
231+ 65 % 10*2— (n=46) 25 AHLTHY ., GV NN TIZ3.06512d
72% 6924494 x10* 2’ — (n=34), & HIZ MILHIIIFTIT 125108725 82.4
+385x 10* 2 — (n=34) £ TI b= KU T DNA (I L7Z CEHME +
SD.), ZNHITBEOWEICHE Lz (Figure2-6) (Mahrous ef al. 2012),

T IVG JIREHAE T in vivo B & LRl L C 20%8E T 49.0£22.8 x 10* 21— (n=43)
BROT%RET 4414228 %102 — (n=43) L AESRI M= N7 DNA =
E—HOIEKTFRR O (p<0.05), F7= MILHIII 12T 20%F£ T 33.4 +
129 x 10* 2 — (0=31) BLPT%HET22.1 £9.6 x 10*=°— (n=37) &I |
2 R U7 DNAZBAZEIAR T U, IR REIaRGARTER T2 0.7 1538 L 1TR0.5
BFHORBELRI F2 2 RU 7 DNA HIEA R o, a2 he—Lbn?
IVM BEIZEB W TIE 66.6+£29.3 x 104 2 &°— (n=39) & 72 0 UREHIREC BT 5
I F 3 R U7 DNA O¥INE 1.0 5 LR TH OV HIBITR O b hr o7
DD, in vivo THRA LT MII HIF7 XL v HFEICIK T L (p<0.05), LLEXD
IVG B XN IVM IZZ IR R Rt L O AVERRIZ R I 5 X b=
RU7 DNA O L TRADFEZ 5 2| KR IVG JF R XA RE R

BWTHHZERI b3 KU 7 DNA OHIENE L 5 2 ERHAL NIRRT,
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NT, BRI Far FUTEREZFMT 572D IC- 11k b= MY
T RN AT 2 AT o 7co GV BIIFEEMI TIX in vivo BE (1.0 £ 0.52, n=46) IZ
KL, 20%FE (0.4 £ 0.49, n=68, p<0.05) T b= KU THEENMNBEE K
T L. 7%HE (0.7+0.80, n=40) IZBWTHIE FEBICH - 7= CEEIE +£S.D.)

(Figure2-7A) . F72 20%HEIX T%HEE Il L7255 10 B W T LA B R BEEAM O
KFEZRLTE (p<0.05), MILHAIF7-Tid 20%#E (0.2 + 0.14, n=52, p<0.05) ¥
LN 7%HE (0.5 £ 0.37, n=55, p<0.05) Tin vivo Bt (1.0 £ 0.51, n=44) L VA
EI ba s N TIEEMOK TR 57 (Figure2-7B), LAEX D I h=v
RUTHEEB L har U THEEZRT I har R 7EEMIT in vivo I
Bl & el U, IVG IRREIILIZ B W TBHE IR I RO bz, 72 GV
BIOMIHNZIBNT 7%HETIL20%HE L i LT b= Y TIREMOK T

PNEERL TR Y, BAERKE DL IR ST,
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3. IVGIPRHRIIICEIT A X F o R THEEERT

IVG JpRHRIC BT 5 b= RY TIREM O TIZL>T, I ha R
T HEREK T IZ X % ATP AEFEREIR F 88 L OVROS AEFE BIEMNOFF LA RIE X T,
% 2T ATP &8 &D E&MHTI X OV ROS & O LRl 4 50E L 7=,

P ATP A BEOERMNTEZN Y 72T —8BT vEAICEVEE L, in
vivo BE T IVG Aii D A EHIFREAE T 0.39 £ 0.20 pmol  (n=24) ., GV HAIFREHEA
T 0.46 +0.15 pmol (n=24) I L MIIHIIIF T 0.30 £ 0.14 pmol (n=24) & IRRE
MR RS RAS > THIM L IR REMIfa B TR 32 Z &3 6t ool

CE¥fE = S.D.) (Figure2-8), —J7. GV HiUNEHHIARIZ 3T 20%HE Tl 0.57
+0.07 pmol (n=24) FB L 7%RETIL 0.65+£0.09 pmol (n=24) &, FAIZK LT
in vivo B & FLl U CHAZIZ ATP 05 E o 72 (p<0.05), L2 MILEJIZEBW T
1% 20%H£ T 0.32 £ 0.15 pmol (n=36) 35 LT 7%H£T 0.33 £ 0.13 pmol (n=36) &
720 . ATP &1 in vivo BE & RIFEEE £ TRV L7z, in vivo B2k GV HIIFRE/ I o
20%MRFEIRESAE T IVMIC X 5 IVMEETIX 028 £0.12pmol (n=24) & 72V | in
vivo F13k MILHIPR¥- & [RIFEEE D ATP &% 7 L72,

WKIZ ROS FERAE N7 1 — 712 L W ROS EE XN L=, ZO/EHE, GV
HICiXinvivo Bt (1.0 £ 0.4, n=40) 1ZXF LT, 20%HE T 1.1 £ 03415 (n=34) B
LR T%RET 1.3 £ 042 % (n=29) &7e~7z CE¥YHE = S.D.), 7= MILHITIE
in vivo Bt (1.0 £ 0.2, n=33) (ZX LT, 20%#£ T 1.1 £ 0.2 /% (n=68) FBLUN 7%

HET13+204102 (n=76) L72o7-. LLEDOFERE LV 20%EEIZ T ROS &I1EH
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RKET ., —FHF TRAERBWENLONT T%EECBIT 5 E 7 ROS &R RS

iz (Figure2-9),

4. IVGINEHIIC BT A ~A b7 7 U — L BARERNT

IVG JRREAIRIC R T 5 MILOR B X OWRD I b= RUTREO—KE L
THNRE BRI Z BT D~ A h 7 7 U—TEMIZEH Lz, £ 2T IVG IR
AR 72 & ONT in vivo JIEHMIRL O IVM 5 H~D~ A & 7 7 O —TEMEA kI L O
TER 2B 2R OWMMBIRFE AN G- 2 5 5B % T LT,

FTINRIA M IVM IZ LD~ A 7 7 O—TEMHE(E IVM & 506 L7z,
TN A L FA =7 7 V=il w 595 mTOR fAF @ L TA— 7 7
U—%FHET D (Lietal 2014), in vivo SIRHHIAEES & OGRS B R IRE IR 20%
SRR T D in vitro SRREMIIEZ 0, 1, 10 B KTV 100 nM 7 /3= A 2 L HN
ST IVM IR L7z, 2 h = R U THRRRAE LY 7 — 7 MitoTracker %
We X by B U T HERE BT ORI, in vivo BETIE T S~ A 3 L IRINRE
IR 72X bary FUTEOFERIETAA S, 100 nM RIIX T 0.5 +
0.08 (n=11) & invitro B 0nM X & [AIFREE T T L7z (p<0.05) (Figure2-14A),
LU S in vitro BETIX T 8~ A VU RIBEICIKE L ha v R TE
DEALITRD bNproTz, FTT R A TINS5 ha v R TR
S R ONT | in vitro IPFORFERI hay RYTERRIZT S~ A T VIR
Mz X vtE Leho 7o (Figure2-14B), F - FARMIT OFEE, T TIZE

WTHERERVER 97 - 100%. IEF SR 47 - 65% L A a2 LT b o 7=
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(Figure2-15), [RIREICIEIIRARICEB W TE 0nM X & il L T E R tE 1T
WO HIVT . in vivo L Vin vitro WEEIZILIEA LTI 3~ A U IRIEREIZS T
TRARITIK MMARICH > 7= (Figure2-15),

WIZ3-AFNT T =2 (3-MA) IRIMIVMIZLH~A b7 72—l IVM %
Fhi L7z, 3-MAZA— 7 7 U—0 Bl 248 5 JEA 7 5 2 T PI3K % [
ETLZLTA= N7 7 U—EIHlIT 5 (Xuetal 2012), invivo JRRFAERL % 0,
1B L TN10mM 3-MA RN IVM I U7z, IPREAR AR IE 0 mM X C 91.9%
(n=57/62) B L1 mM K T 90.3% (n=28/31) Z/~TDIZx L, 10mM &
MMET 0% (n=0/10) &BEFIZIL T L7 (Figure2-16B), MR 3-MA ALERITIN
R 2 i 2 MR 7 5 2 1 PBBK OIFMEILET D Z L8 mbh TRy,
10 mM RINX T Z D2 K0 IR R ME T LIz L &2 b,

2 b=y KU TREREMEOE T 17— MitoTracker 7 V23 b= KU 7 4%t
ERMHTORER, 0mMIRIX 1.0 =02 (n=11) (2% LT 1 mM EIMNX T 1.3
+ 0.3 (n=10) EEBEFEZRMEIMPBFED 67 (p<0.05) (Figur2-16A), L7 L in
vivo SN RERIIFS K ONE B BF 28 BRI 20% 5 REC KT 5 in vitro IR REHINE %
0 BLO 1 mM 3-MA IRINEMET IVM ICHER L, FBAREMIT 21T o 7245 R, 0

mM FINXAZ % U TGRS L O AEROUGEIL R b d > 72 (Figure2-16C),

5. BHES b= B Y TENRENRAREIZ G- R D B DO AT

INETOI by R TEIEER L OMEEMNT OFE . IVG INREME o 2
72 by RUTHEMER, 2L TR~ S, B b2 RUTo

FERER BRI K D R/AERIK TR S Nz, £ 2T IVG UEERIIICH RS 2 in
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vitro IIZB T D RHEI ha sy R 7 O E2 BT 572010, mHEIFALBE
R~ o 2 X0 BRI L 72 MILEIBRFIZ 3K 2 in vivo IS K OVE RS 28 e 34 =
FE 7% K0 R E T2 7%-IVG IR EERIRIZ k32 in vitro R 2 Hli i H]
CBTDI bay R TIRENOMT2E R Lz, £3IC-1 7 r—7%Z
2 hav KU TRREBAEOREE, in vivo IR (1.0 £ 0.22, n=54) LKL, in
vitro IR TIE 0.4 £ 023 % (n=78) & 72V GV HIUNRLMaI L O MILHIYR-7-[FI4K
W ha v FUTEBMPBEEZEICIEKT L (p<0.001) (FHE + SD)
(Figure2-10A) , ¥XIZ MitoTracker 711 —7 % /= 2 b =2 R U 7 ARG & S A
FrizBWTh in vivo IR (1.0 £ 0.10, n=78) &LL#Z L. in vitro IR Ti 0.8 + 0.08
% (n=105) &0, AERIETHALNZ (p<0.05) (Figure 2-10B), F7= =
Fay RU T RAECE L THBEEE~D I b2y R U 7 JREHE R O 550 Ik
25 in vitro IR TR ALz (Figure2-11), LA KV in vitro B TIZINREREND - YR-F-
[FIERIZ in vivo BEIZXES 28R « B2 har FUTOREN LI, IVG P
RARIIC R 2 RE R I Fa sy FY TRMERZEZ I L CEEIRT. HIHIIE
R ST D E AR E N,
WIZI by R Y THRE BT O 2 MR TVF Bl 100 Refii#t £ C
DOIE#REZFEmM L, BMEI har R T ESWBAEICE 2 D EZ T L
(Figure2-12) , 728 in vivo BEIZBW T ha v KU 7 EMNFTHZILD 98.6%
(n=72/73) DRI E CHRAELLEZ b, 2 hay N 7 &R IS
(52 DRBITEATE 200 LE % IVF Billh 100 Bl I123 10 2 3 400K

RRZ &I 2 MR RICBI 2 hary FUTELA IR L., EORE, Wi

33



RN H AT H 2 LN TE T 2 MR (1.02+ 0.072, n=39) &HEGL T, %
FEMHETLNRBE L) o7 2 MlaRO I =2 R 7 7 —7 O E{E
1% 0.99 + 0.078 (n=43), 7= 2 Ml CTHRAZIFIL LR TIEII ha s FUT
7'a—7 OFEEED 0.95 £ 0.059 (n=11, p<0.05) &7V, AEIZI b= R
T 'mPMED o 7o (Figure2-13), 20 5 BV £ 7 135 ERE £ THRAE L
RZ 2 MR RIZB I A hay R 77 e — 7 OB in vitro FEEE) X
DEWE hary FUTERE, FHIVEWMEI har FUTERISORIL,
Ly B YU ZA~DIRBHEERZB LTI har R 7 &0MEIRFE AR
5.2 D8RR LT, BRFER LOMERRAERZ I U/ R . R C
OEFEFEARITEI bar FUT7EEE (10%, n=4/41) SEI ba FUT&E
B (8%, n=3/40) MICBWTHEREITIA OGN hoTe, Lo LN HAEKRE
IR b RUTERE 46% (0=19/41) LML, (K b2 RUTEBET
23% (n=9/40) L AEIZIL T L7z (p<0.05) (Table2-4),

U EDFERNG . IPRMIEICRB TSI Far R T OEFHIZ, oI k=
VR TEFHEICEEE G2, EEI ha v RY T ENEAEREEL S
D2 EMREN, in vitro IROBEFAERO—RPEI ha > FUTERETH D

ZEDIREE S LT,
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INETICEFERRJMETH D 20% IR L 0 AROEERIRE SR TS
BT 2 IVC, IVM B L TNIVGIZ LV IRREARESCHRAGEEDH L2 #E ShT& 7,
IVC T¥U A, B b, ¥YF U¥F VY UVBIUNLRZ—RREDSL
BRAREMIC I T ARBER AT TIZ K 2 IRB AR D EAVRrEShe (Tervit et al.
1972, Quinn & Harlow 1978, Pabon ef al. 1989, McKiernan & Bavister 1990, Thompson
etal. 1990, Batt et al. 1991, Legge & Sellens 1991, Umaoka et al. 1992, Li & Foote 1993,
Noda et al. 1994, Watson et al. 1994), F72IVM TlE~ TV A, NAAZ—B IO
ZICBW TR AR N RAR E B AERE N ELSEL 2 LB HE SN
(Haidri ez al. 1971, Gwatkin & Haidri 1974, Kitagawa et al. 2004, Banwell ef al. 2007),
ZLTIVG TIE~ T AIZEBNT 5%, 10%, 15%33 L OF 20% B8R S H Iz B0
THERBRIRE DK FIZfE - B AEROUEN RSz (Eppig & Wigglesworth
1995), AFFFEITISVN T 5%, 7%, 10%35 KO8 20% BRI FE SR 51T 5 IVG
YR RRAE DA REMEAT 2 F2hiE L 72 R, ~ 0 2 ZIRINIE O IVG EIE IR R )3
T%THLZ EBW LN ERoTe, AT R T DIEFRREIL 1.5 - 8.7 %
ThV ., SEIOFEEEFEFLIFOITRER L TG L72dro>7-, (Fischer et al. 1992,
Basini et al. 2004, Clark et al. 2006, de Castro et al. 2008, Redding et al. 2008), K%
EREICBT a7 vy —0WEIL, BRBFRE & A RN~ LT
F% 2 LIZX 2T, in vivo IZBT D 5E R iR . BRES K OWRREE T
2B 2D in viro \IZBIT O BBMEA LIccn B2 bz, L LR s —i

OHW|ETIHMEMRETE LN a7 o —Iixf L, AIENT L Z EnHmESn
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TW%, 74 IVM TIHMERBEREREIC > o AEOE TR 6T, v
IVM CIEREAEIME T L7 (Pinyopummintr & Bavister 1995, Hashimoto ez al. 2000,
Park et al. 2005), E72 IVGIZBWTH 7 o TIIEBRIEHEIRE 20%5 12~
S%PEFEIL LS CRURER LU ARDOK TR S 7228, IVG #ifo iz
BWTHEEBBIREZ 5% 20%~U0 R 5 2 & THRAERD 20%MEHE R
FEE D bkET D2 ENME SN (Hirao e al 2012), & 5 IZARBFIER
Eppig OO L Bip D | a7 7 —BABIZ X 53R EMOREZITHOTIC
Fhi SN~ T X IVG Tl S%ERFRESRIMFIZI T 2 e L OFE AR OK
TORENT (Smitz et al. 1996), LA E XV | RO C Rl &L R S
THZEAR Y | E IR E B ICB W T L Z OMBEREN R > T D
TEDPRRE N, v U AT RIMEICET 2 BRSO R HES IR S
i,

Flo, SWEEFRRM LV b T%EEHE LM CIMEHZN SN @R & LT, 5%
IZFB 1T 2 ISR EE DK T 235 2 HALTe, 5%-IVG 2R W THEZEIN O K
X SUTAIREFE LD 20%-1VG £52800fim & bl L€, BRI/ N &<, ([REp %
et CIE ST RF R S SRR FE OAR N 23R8 S 4L, Ki MR BRI 0% L CIR R/
DI bay R 7 EEH L Mg L — RA 7 OBRICH D Z &3
Bz b,

EEET R FRILE T% MR 2R AR EUET, 20%BELFTR O
CERFEWI O ORI TROUEIC LD Z E N o T, IWEIEAE .

REIMEERINZ BN T LN E TIRIEME(LIRIE I 572X b= B U 7 oGk
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NHBN, 20 by FY 7iEE B, WERRERICES5$ % (Houghton
2006), D72 20%FEFE S IVG IR Bk 3 2 I3 1 5 MR
TREEO—RE LTI Fary P TEEE TR IS, — 77 TRARSEDN
BN T%EERFEMHIZENTIEI b2y R 7 OBERSGED R I,

in vivo YR BRI 64 2 18 5 B R BRA IR L 20%36 K O B B 2 IR SR 1 7%5%
fF IVG IFREIAD X = R U TEIRE AT Lo, £ ORIR, BrEMsa R
L 6T IVG ULt X O UL k42 MILEIURF- Tl in vivo # & R L T
BERI P R TORENRREGIL, I bary Y TEEMBIOI hav
RUTDNAabE—HOFERIETbHALNE o7, TNETICI Far N
TRERLI hay RYTEEM, LTI b= FU 7 DNA 2 KRR
~OBENRE SN TEY, IVG IFRMIIC T 28 E R I o FU 7135
ERRIKTO—K L7220 552 LARE I (Nagai et al. 2006, Ge et al. 2012, St
John 2014), Z®D—7F T 71%-IVG JFREMIE T 20%-1VG JPRFMf & Bl L, < b
22 R Y THEENAR F ORISR o, I a2y B 7 IREN O 5 A RRUEE~
DHFEDRRE ST,

IVG JRREAEIC B 2 RE R hary FUTEEICE T, S har KU 7
HEREIR T IC K % ROS AEPEEHIING L O ATP APERIK FTAVRR SNz, ZHET
IZ IVM B L IVC 2 AW THE SN 7RI R R ORRAAGE - BARE~DOFG
X, S P FUTICED ROS AEREDOERBIZHED Z ERHRESHTND
(Pabon et al. 1989, Legge & Sellens 1991, Umaoka ez al. 1992, Li & Foote 1993,

Kitagawa et al. 2004, Iwamoto et al. 2005), L 7> L7223 S ARMIETIE, 20%-IVG I}
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R L OWR 712381 %5 ROS EOHAMNT A LT, THIZK LT 7%-IVG §F
R L OUR IR W THEFEITHEIN Le, £72 ATPIZBWTHINF ATP 5 A
i L AR DO BIE M ST WA — 7T, IVG JPREA CIIssEmesa s
TR X B3, invivo BE & HElE LT E 72 ATP S IIAN . 64172 (Van Blerkom et
al. 1995, Ge et al. 2012, Yuan et al. 2016), ZiLHD Z L NHAMFIEICENTHR S
T2 7%-IVG YR EE R O F8 A RES B 2k L T ATP 836 LUV ROS DA 3/ &
W2 EREZ BN,

IVG IFRERIAEIX in vivo ISR DOIIRE/E & s L TRED ATP 25 A L T\,
ZHE TIZIIRIEA RS FRIZ BT D IRREMII S h =2 B U 7D ATP ARER X
R & SRR~ ATP S5 BE 3 2 @ 13V, Ly LIRREM AR R
2GR E I ERE S D RHER 7 DR, FIERES L OMERRICKED ATP % 2
RKTDZLITEATHY . IVG RIS W TRMER F OSBRI END
ATP ZERVED @O EW IR OIGTEME T L TV D algEME A R S vz, F
72 D—J5, IVGIIEHAIT in vivo JRREMG & His L CRED ATP 25 /7 5
CHRL BT, A%, MII HICIEZORBHNAENELS /2o T, 2 ETIC
PRI G R IS 31T B ATP EER L ONHAE DB 5T 5 (Yuan ef al.
2016), IVGIRFRHMITIZI b= R U 7HEREIK FIC X 0 SRREMIR sk BRIz 5
7% ATP AEFENHE BV N - Tm b D LB 2 B, T D% OYIHIFAL
FICHT D I b ay B THEREDERZI LMK T RE S,

IVG JPRHIEIC KT 5 in vitro IROIRFEAERED —[R & LT, BH 22 INREH

fe « JRF-X Fa s RUTHREREMEI Far FU 7 & L TRERICHEKS
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HZENRBEINTZ, invitro R TIX in vivo IR ELEE L, I b2 N U T EEN
BEIOIMar RUTEOKTFAAELTEY ., GVHIIIREHIE X OMIT IR
TROLNTZI har RYTEEREEET, A2 LRI L0
z b,

SR, T DO SI NI ha sy B 73] E CIETE MR RE
R L, IRITERSIIREIC L0 ATP APERAT D, T Dk, IR I
MERINCIBNTI Far R T REEHE T2 mbi, Z OfEMHE
TR, REAATICE S T2 Z LR bis (Babayev & Seli 2015), £
T, ~ U ZARWIZEB N T ZHIRIBAITOREICHATH 2T /) L&
~DOI Fay RY 7THREEREEOF SN R & (Nagaraj et al. 2017), 2
HOFEIL, MBI E THA LRIE, 2 Mlafisa T har FITERS
<L BRIC 2 HIRRHIIRE LA R L2 IR & Rl L CHEARZEDRBO ORI 2 & L
A LT, £z 2 MR R TOI hay R 7TERS VIR CHEZREREOH
IATRD Hiv, ORI & 722 2 SRBHMEIE RSN DO IEH 7250k ds K OBEREEF
IZBITAI hay RYTOFRGHRREB I,

I F3 RU 7 DNA 2 B — O ERMAT ORER. IVG HETIZIN R a2
FRIZR T 2 K2 X b RY 7 DNA 2 BE—H5OHEAE L7, 2 E Tl
~YUABIOE M IVMIRFIZEBIT S I ha RU 7 DNA =2 B —H001E Tl in
vivo Ji1- & LLiE U7 in vitro J31-X b2 KU 7 DNA = B —H O F A &
TR, ZHUIAKRBITICE T 2 IVMIIFOEER R LGS Lz, Ll

BN TH GV HIIIRBIREF ST h 22 KU 7 DNA 2 B —% % KigIZ
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B 25 RITA ST, IVG INREMIaR R 2 mm X =2 N U 7 iHEEAEO
TEPEIE A R &7z (Zeng et al. 2007, Ghorbanmehr et al. 2018), {53 b= R
V7 OA— K77 V—, ThbO~A N7 7 V=X DHEEI N OBIRPIFRZE
S B, T E TS~ U AR AVRRR B W T~ A F 7 7 P—0
HWHEMITH D Z LR ENTWS, L L, SIS EGERRIC BT 5~
N7 7 =BT 2 EIEZ Ly (Kim et al. 2019), ARBFZEIZB W CTIThiLz
in vivo ARG D A — 7 7 D —{EMKIER 2 B35 7 3~ A U IRINIVM T
X, EHIRFOI bar RUZEMNERIIET L, RORHTA— F 7 7 O —H
TERZA3 2 3-MA I IVM TIIAEHIRT- 2 b= R U 7 EOAE LRI
DBV, ZAGITIN R IR RRIC BT D~ A b T 7 O — B D AR A SR
L7z IVG JRREMIIRIC B 2~ A N7 7 O — &M OF RIS T 21N 2 &7
Mg 272, T34 BLO3-MA RN IVM % %EhE L, {EHII 03 ERE
Rl L7=, L2xL. in vivo SRREMIEES KOV IVG OREHMIIEICBIfR 72 < | AR
MM XV RBARITELE L2 o7, THIEFARICK LT, SEEINEM O
F—=F 77 VIEEITERETH R THLRNWI ERBR SN, ElmEDH
ETIEIA =77 = ARBICEVRONTZI ha s R 7T ORFEEN T X~
ATVUWIMZEVEEE L2 0, IVG IRl IT A b R 7 &
HRAEDBCEEN IR S 7225, IVG IR k32 MI#IORFT T /3= A
TURIMIES TR by R T REREOUCEEITRRD T £ in vivo B
THONIEE S bary RUTEOBD LI 2T, in vivo JIEEREN

TRONDEI R TN A VIR U2 hay KU 7T EOK T2 IVG I
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R TITR bR o7 Z &6, IVG SRR TlE~ A b7 7 U — g

(CHRENEC T D RN R S,
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Table 2-2. 20%E LU 7%-IVCII BN EFEL LU RE

No. of follicles No. of oocytes
o subjected to . subjected to undergoing matured
Oz condition VG survived IVM GVBD into Ml
20% 387 326 (84.2%) 2 238 235 (98.7%)? 205 (86.1%) @
7% 379 325 (85.8%)° 228 223 (97.8%)? 216 (94.7%) @
in vivo - - 128 122 (95.3%)? 115 (89.8%)?

Tukey-krameri&IC kY EEEREZ 1T o=
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Table 2-3. 20%EB LU 7%-IVGERF D SRR B L URER

No. of oocytes

No. of embryos
developed to

2-cell 4-cell morula blastocyst

O: condition SUbiectedto  normally
20% 222 125 (56.3%)
7% 237 111 (46.8%)
in vivo 158 72 (45.6%)

104 (83.0%)° 96 (76.8%)° 91(72.8%)° 50 (40.0%)°
101 (91.0%)? 100 (90.1%)? 89 (80.2%)° 85 (76.6%) "

71(98.6%)% 71(98.6%)° 71(98.6%)% 71 (98.6%)°

Tukey-kramer;&[C LY BB EBREZIT o=,
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Table 2-4. 24iRAIIEEE A THIF VR T EEERELS LUE
HFEEE

MitoTracker intensity
(average + S.D.)

embryos transferred

No. of No. of

implanted embryos living pups

High intensity 1.06 + 0.05 * 37 19* 4

at 2-cell R (51.4%) (10.8%)

2-cell derived from
7%-IVG oocytes

Low intensity 0.95 + 0.04 40 9 3

at 2-cell DR (22.5%) (7.5%)

FHEBEHY (p<0.05)
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% Maturation

100% 100%
80% *g 80%
60% S 60%
©
40% o 40%
<
20% 20%
0% 0%
5% 7%  10%  20% 5% 7%  10%  20%
(n=366) (n=218) (n=228) (n=294) (n=133) (n=69) (n=84) (n=117)

Figure 2-2. 5%, 7%, 10%& & U20%8EEHEIVGIZLY /LN T=IVGER
BHllAOMRES SIUREE

5%. 7%. 10%35 Lk ON20% L35 S IVGIZ L 0 15 5 7= IVG IR REMI I o Rl 2 ==
(MUBIIR 75588 0080)  (A) BRI OSAER (BRI (B) .
TukeyOWSDIRE % IV TH B ZEZREZITV., 2D TNV 7 7 Xy MNIFRERZE

ZRT (p<0.01) ,
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100% -
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O in vivo (n=72)
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Figure 2-3. 20%# &K U 7%-IVGBRF & Uin vivoIRFICHET HIED R4 BB
CEDREE
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MitoTracker

in vivo normal
(perinuclear > cortical)
normal
(perinuclear > cortical)
IVG perinuclear >> cortical
cortical >> perinuclear
GV
100%
o
80% - —— - —
? O i
S 60% O i
5 iii
e 40%
8
5 20%
o
0%
20%-IVG 7%-IVG in vivo
(n=78) (n=56) (n=52)

Figure 2-4. IVGERB#MIICEITBIFaV R 7 DRBE

MitoTrackeriZ & U 15 5 #17220%#E (n=78) . 7%#E (n=58) i3 L
in vivoRt (n=52) GVHIUREEMLD X s 2> N U 7 JR{EfE 1\ %
cortical sk & perinuclearfi sk o> - 28 FEE DO FEHEIZ L 0 235l L 7=,
In vivoRf CIXFIXMEZ1.39 + 0.39 Z/R L7z (CE¥fE+S.D.) .

(A) ZNEBEITHMENLO — 1.8 CEHHE+EIS.D.LIN) L
)72 b D % class i, FHXMENN1.8X D @y (>F¥4fE+1S.D.)
GV~D I h RU THEEEA/RT S D Zclass i, FHXMEZN IR B
O (<F¥IE-1S.D.) % MR E R 1 2 e RTE & 7 L7z class i & L
THEE LT, (B) &classhH & IR 5D 5 E4, DOL:
10.1530/REP-21-0209
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mitochondria/

in vivo 20%-1VG 7%-IVG

Figure 2-5. IVGIRFIZEI+HIFaVRFIT7 D R/HE

MIIEASR 12351 D MitoTracker DeepRed (fkf) 3 L O"Hoechst333421
(vEBr %) oY, BB TR,
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Figure 2-6. IVGIRB#IRaE L UKIVGHEIIF DI IR ZDNA
aE—#

EEMBITICEVEONTZI Far FU 7DNAZ B —H DO KB EHE %2R
L7z (FRZE&PH: +S.D.) . ACEHINELMIAD (Growing Oocyte; GO, n=46)
BLOGVHIZEIT 520%-IVGEE (n=43) . 7%-IVGEE (n=43) ¥ XL Win
vivolt (n=34) . L CMIEICEIT 520%-IVGEE (n=41) . 7%-IVGHE
(n=37) . in vivolt (n=37) X Win vivoREGVIITIRERIE DO IVMIZ H 3k
T HIVMEE (n=39) DOAFH8EE. 3200 > 7LD EEMNT 2 Eli L7, [A)
U3 B IC 3T, Tukey-krameri: & W 7= B 2500 & Fhii L 7=,
BRLTNT 7y MIAERELZ T (p<0.05) , DOI: 10.1530/REP-
21-0209
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membrane potential

20%-IVG  7%-IVG  invivo 20%-IVG 7%-IVG in vivo
(n=68)  (n=40)  (n=46) (n=52) (n=55) (n=44)

Figure 2-7. IVGIIB#IlEE S VIVGERFDSF VR FIEESL

WO EEMEATIC LV EONIZI har N TIREMOFEESEE R LT
(FAZE#IPH: +S.D.) . GVHIZIIT 520%-IVGEE (n=68) . 7%-IVGHEE (n=40)
BELWin vivolt (n=46) . & L TMIIZI T 520%-IVGHEE (n=52) . 7%-IVG
# (n=55) . in vivoit (n=44) OEF6RE, 305Y > 7LD E EMAT 2 it L 7=,
[ UHE A B BRI 38N C, Tukey-kramerik W= BB =M EZE I L=, %7

LT NT 7y MIAERZELZT (p<0.05) . DOI: 10.1530/REP-21-0209
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Figure 2-8. VG B#IlAB L UIVGIRFDATPERE

ERINTIC LV G ONTEATPERO M A2 R L. (R +S.D.) .
R WIIRREAI (GO, n=24) B L OGVHIZIBIT 520%-IVGEE (n=24) .
7%-IVGEE (n=24) B XL in vivolt (n=24) . = L CMIEIZEIT 520%-IVG
BE (n=36) . 7%-IVGEE (n=36) . in vivoft (n=24) ¥ X in vivoREGVHiDH
R OIVMIZ 3T B IVMEE (n=24) OAFSEE, 2161 7 /LD & Befifhr
i L=, R URABREICRB VT, Tukey-kramerit 2 W - A BERT %
FEh Lz, BAR27 077Xy MIAERELZRT (p<0.05) ., DO
10.1530/REP-21-0209
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(n=34)  (n=29)  (n=40) (n=68) (n=76) (n=33)

Figure 2-9. IVGER Bl s S UIVGERFDROSEMR

TEERNTIC Z V15O NTEROSEDAFEAEZ < LTz (RRZ&IPH: +S.D.) .
GVHIIZ BT 520%-IVGHE (n=34) | 7%-IVGEE (n=29) I X WVin vivoft
(n=40) . = L CMINZBIT 520%-IVGEE (n=68) . 7%-IVGEE (n=76) .
in vivoit (n=22) DOEFH6RE, 280 > 7LD E MM &2 Fhi L7=, [Fl URA
BYBEIZ BT, Tukey-krameritkz W= B BEEREX FEhe LT, Bigb 7L
77y MIAERZEZ T (p<0.05) , DOI: 10.1530/REP-21-0209
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Figure 2-10. in vivod &Tin vitro 2§ARaHAEIZE (F53~aV Ry
TEEMASLUVIMVE)7E

IVFBEAA31HEE# din vivods K Whin vitro 2HIIRIC 1 AIC-1c X 5 2 b

oy RUTIEEN (A) BELUMitoTrackerlZ X5 X b= KU 7 OFEXE

& (B) (EHfE+S.D.) . Student t-testi= L 0 A & =M iE &2 F i L /-
(p<0.001) .
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in vitro in vivo

(7%-IVGHERE)

Figure 2-11. in vivo& &UWin vitro 2HIBHAEICEITH MV FU T BIE

Mitochondria

IVFBHAA31E 1% Din vivods L Wlin vitro 2 EAIRIZ 31T A MitoTracker Green (g
fh) oYutamig, eSS TR,



IVF IVC AEFEtE HEOEE
IVF# 31854 IVF# 10085 R4 (3zE#198H)
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Figure 2-12. 2H#iRBAREICE 1T HSFaV R 7B E R EREREN
IVFBHAE3LEE 74 0 24 f IR 2 MitoTrackeriZ X A 3 = R U 7 E BT ICHEER L 7-% .

IVFBEAA 100/ M 4 £ TOIRAEREZIBI L7, €DK, WRIBHIIKS 5 W3S MBI
TRAELILEEZ LV Bz b~y A BB L, ERFEAEREZ AT L7,
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Figure 2-13. in vitroBEEICHITHIFaV R 7EEH ERE
IVFBA 4100/ 2 12 36 1T 5 5 MO HEAT L2/l iz T 5 I k= R

T B &2 LTo, Tukey-krameriEiZ L W B EEMREZITV., 2571
77Xy MIAEREZRT (p<0.05) .
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Figure 2-14. SIARA LV FEMMRIVGRFDIFAV K 7RERE
ICRIZTEE

in vivoSIREHIE R KX ONVGINRE R 2 7 X~ A o BN TIVMIZ i
A L7z, IVMZ OMitoTrackerBiEEIC KD 2 =2 KU 7 HAXE = fFEHT
£ (A EIbar R TREOCHIE (B) . Tukey-kramerikic LY HE
EREZITV, BAeDT7NV7 7y MIFERZZ7RT (p<0.05) .
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Figure 2-15. S/8RAL U BEMMIVGIIFD R BEES JU KL RE
125z 588

TN A T IRIMIVMIR - O3 A REfRAT Zin vivo (A) 3 X TR20%-IVG
JREEAE & S ICfEAT L7 (B) o BREVE (MIEASRF/fii3XCOC) B X
AR (MR AR GERSAEIN) 13 TukeyDWSDE % W CH EZRE
% FJii L7~ (p<0.05) .
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Figure 2-16. 3-MAFRMIVMBIF DI,V R 7 HE KU R ERERT

in vivolFREMIE 3 K ONVGEHI RN Z 3-MATINIVMIZ G L 7=, IVM# Din vivodi+-
\Z 3B D MitoTrackerBEFE il 2 VN2 2 b= R Y TR ERAE (A) | in vivo (B)

B L U20%-IVGIFRHHIIE (C) DREARER K O AREMMTRE R, 2 b= RU T EIX
Student ttestic X W A E =M EZ FEhE L7- (p<0.01) . REER (MIEHI /LR
COC) FBLUFAR (MRS FEIN) 1L Tukey DWSDEZ HWTH B &M
B % FhE L7~ (p<0.05) .
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FAERE & B 12 72 O FE R B IR R AR I IR RE R R L2 38V T U BB AR Al <0
RIS A 2 AR DAk % 72K 1 2 SRR E B2 & & CRARE R AT
Lo ZHUOITRHER T LRI, 2 Far R 77 EORIa/NRE Ok~ 7
57D mRNA « Z X7 B BTV S (Zhang & Smith 2015), subcortical
maternal complex 7% 3% PADI6 <° NLRP2, NLRP6 (£% > /37 /& & L CTIRIZHkK
A INHREWRBER T THD (Monk et al. 2017), T AL 5 OFEHLHI4E 2 5
B 72 B3R - 12 S 20722 > TWRWE DD, Nobox X° Figla, Lhx8 7% ¥ DY
FHHIRRR R AT IC B W THILAIERI 2 48 5 IR B K 1 O BIs F I BU > TIH
WEATDZERmMbN, Figla X Lhx8 KIERLEBIIIRERALIC BV CRE
KTFT5Z ENMESH TS (Wang er al. 2020, Hamazaki e al. 2021), £7-
mRNA DURRE THTR S 4v, RREMI R TR ICEIRR S 5 2 & THERET %
85T & LC Brgd, Zfp3612 1 X O Cnot6l 72 E 3 5305 (Sha et al. 2018), LA
FoX oI, BAEREZRET 2 RHMERFIZZIGITHED | ZORFITIREY S0
2725 TR, F72 2006 ORERF 2SI R R B TICRE 59 2855
K7 ORBU LS TREFEIND Z LT LN > TWD D, FBAERRES
(2B % e 72 iRl EN RE 2 S IIRTEAHITH 5,

ZD—FT, THE TITEMRREREZIZEL Y IVG IR D REE - F84E

BEENHE SN TE Y (Eppig & Wigglesworth 1995) . M4HFEIZ BT Hal
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FEAR T TR L 20% 5 IVG IR RE/IAL & bele U €, BRI AR 7%%& 4 1IVG

R CHRARB O EZ A LN Lc, T OREERESMO KiEI

IVG SRR X b KU 7IEEAL O T OBBAFRD by, &GRSR

BREEN ED X DI LTI DT AERIZTHF G LIZNHKARE LTRATH S,
Z 2T, in vivo JIFHAEE KOV 5%, 7%, 10%33 £ Y 20%0E 5 514 TVG JiRE

M DIBAR - FE BT &2 Ik L, BAERRICHE L 2 20 FRREDOFREZIT 272,
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M MR L UT5E

1. 3> 7 )Lt/ RNA-seq (scRNA-seq) T A 7 T U ks

GV HJRREAE 2 5 QlAseq FX Single Cell RNA Library Kit (QIAGEN) (2L Y
scRNA-seq 71 7 7 U ZFH% L, NextsSeq500 (Z LB —r v 72k ) —
RTF—%2 %430z, X har N7 5 A REERICINRERING 2 BRI L7z, &9
wbRE L, TrEO PBS (=) T, H7AFv 7 U—2H\T 1x107 5
7R ERCC RNA Spike-In Mix 1 pl B8 X OVPBS (—) 6 ul /M x 721K% 3% 0.2 ml
F =2 —7 (TaKaRa) |ZF L A7z, Lysis buffer 4 il %, ¥ v & 7285
BRI, AU AT L, R —~ A 7 T — TR (24°C 5
7. 95°C3 51, 4°Coo) (THERA L 72, KSR > 77112 gDNA wipeout Buffer 2 pl
EMAL 77 ABRERIE 42°C 10 79) (L7, 1 7 bH ey
RT/polymerase Buffer 4 ul, Oligo dT primer 1 pl, Quantiscript RT Enzyme mix 1 pl %
BAL 6 pl OWERESOSHE (12 Wl BUGKR) ZiFE L, 7 ABRESH Y 7
b6l AR L, WERE L (42°C 60 57, 95°C347) ZHFEf L7z, 17
&H7-V Ligase Buffer 8 ul, Ligase Mix 2 pl Z{EF1L 10 pl ® ¢cDNA 71 7 — =
VEOSIR (20 pl SUGR) ZFREE L2, cDNA 741 7 —3 a3 VISR 10 pl Z 33
B S% cDNA H > 71 10 pl E{BFIL., ¢cDNA 71 77— a Ut (24°C 30
47, 95°C 543, 4°C o) IZHE L, DNA LD T A —va v &f1o7, 1%
> 7 V& 72 Y REPLI-g scReaction Buffer 29 pl & REPLI-g SensiPhi DNA polymerase

1 W AR 2 Z & THRMIERIGK (60 pl SUGR) Zii#E L. cDNAT A 7 —
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Va YROSET TV 30 ul 2N, FiREEEAOS (30°C 2 KEfE, 65°C 5 47,
4°C o) 12XV cDNA HEIEZIT 72, fF 5472 cDNA FHIRIEIESICEY) 1 ul &
ddH,O THA R L. Qubit dsDNA HS Assay (Thermo) % FV>T cDNA %5 HAE <
JEPER) AT LT, B L OVER L7 cDNA FRBEESISEMIIZ A 7 Z
U ST S 5 F T —30°CTIRAF LT,

14> 7 &7 10 x Fx Buffer 5 pl,  ddH>0 25 pl, Fx Enzyme mix 10 pl % 7&
L. cDNA Wi {LEUSHE 40 ul (50 pl )SsR) B L7z, Z 4% Qubit O
EEIC IS E ddH0 % AV T 50 ng/ul IZA7R L 72 cDNA 28R HE IR KOG EY) 10 ul
SR L, WrhfbBUs (4°C 15y, 32°C 1043, 65°C30%7, 4°Coo) IZHERAL T2,
Wr A AL BSOS PFEMIZ X L C Adapter Plate DX ST DT = b T X 7% —18 1K 5
Wz, 621 %770 5xDNA Ligase Buffer 20 pl, ddH,O 15 pl 3
J UVDNA Ligase 10 pl ZIBFI LI L7127 X 77X —F 4 75— a U IROSHR 55 ul
(100 pl B5R) Nz, Bt 5, 77X —F 47— a e (20°C 15
43) %, 9 <IZ GeneRead Size Selection Kit (QIAGEN) ZHWTTZ7 A4 77U D
W EITole, THTH =T34 —v a VIRGEY &% 1.5 ml loBind 7 = —
712 L. SBI Buffer 400 pl % #$/1#% . MinElute spin column (22 &EME L 72,
15,000 rppm, 153 D%, Flow-through Z i3 L MinElute spin column % 80% ™
Z ) =X ZRBEE Le, B 15,000 rpm, 1 Srim O LV R E
MinElute spin column (Z TE Buffer 90 ul Z/1 %, §i& (FilE, 14) L7z, =D
#. Al L 7= Flow-through 90 pl (Z SB1 Buffer 360 ul Il .. F YA U MinElute spin

column Z# &M L, 15,000 rpm T 1 43i=:[:% . Flow-through % fi{3E L MinElute
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spin column % 80%T= % / —/LIZ XV Z[AIBEF L7z, 15,000 rppm T 1 53 DT
X 0 #4547 MinElute spin column {2 EB Buffer 17 pl 201z, #& (=iE. 1
57) Lz, 0%, Flow-through % scRNA-seq 7 7 7 U & LT 1.5 ml loBind
Fa—TZENL, 23V T4 F v /7 BILR—F v 7T 5 =%
T-30°C THRAF L 72, scRNA-seq 71 7 7 U % Agilent 2100 Bioanalyzer (Agilent)
F LN Agilent High Sensitivity DNA Kit (Agilent) (2 & 2 EMEFHmICHEA L, B
& 9% 500 bp ZTHR E LTI2TA T Z U FOOAANRROND M LT, F
72 KAPA Library Quantification Kits (Roche) 35 & T QuantStudio 3 (Thermo) %
AW A4 7 Z V01T OEEMNTZFEm L., 7477 VIEOFHEE LB~
FTV I ATAT T VIWROMBELZFE R Lz, MBELL~LVFT Ly 7 AT
A 77 U AR NestSeq 500 (illumina) 35 2 U8 NextSeq 500/550 High Output Kit
(illumina) ZAWTy —4 v 78 X bel2fastqg (v. 2.18.0.12) Z H 7=
R—2a—)LZEEL, 75nt x 2 DT R R — K7 —% (fastq JBR) %
Bo ABFIEICR O CTREBMERIRE 5%, 7%8 L OV 10%885E S IR 2> &
DIAT T IVREEBLOY—r o A% E i LT, TSV in vive BER XY
20%HEIR R D > — o o AT — Z 2B W TUEY RIS B W Tl B ISR Fik
EHWTHEINTZIATZ IO —r oy 77 —2% A (2019 FET
L) o PRI REARIE D 5 6 10%FED Z—[E], Z A LSME 2 [E DAL L2 IVG T

£ 0 RO REA D 2 (R L7,
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2. GV HUFERIRD > 7 )Lt )L RNA-seq T — ¥ DFEHT

Boniz) — KT —XD 55 Readl ® A & AT IR L 7=,
TrimGalore! (https://www.bioinformatics.babraham.ac.uk/projects/trim_galore/) % i
TIKZ AV T4 HEDO N IV ITBXMEWI —FO7 4 vZ U 7 (35nt)
HEM L, FABERICESITSY — K4 U T 1% FastQC

(https://www.bioinformatics.babraham.ac.uk/projects/fastqc/) (= & ¥ AL L 7=,
JFV T4 ar br—Nk ) — R7—H O Hisat2 (v2.1.0) (Kim et al. 2015) %
AN 77 VU RT ) BA~DT FA A NMCEVEONTT 74 Ay b T —
% 735 featureCounts (Liao ef al. 2014) (v1.6.5) ICE > TV 77 L AT )5 —
val ERIZLEIC LY - R T R T2 BT,

K fig r ¢ H Wik U 7 7 L v A F — % I . iGenomes
(https:/jp.support.illumina.com/sequencing/sequencing_software/igenome.html) X
W&y m— R L7 GRCm38 (Ensembl) % JH\ 7z, featureCounts 75 H{ /) L724%
BEFIZHTLHIV R P BLXOEEEYRZZS ML CPM (counts per
million) EIZ LY EFUL LBz FRBEZRE L L, Bl FRIET 07 7 A
VD HRNT & LT helust & W2 iRBREIC K DBSIERY 7 7 2 2 ) o T fRAT
cor W= TV v OFEFE BRI O F HE L preomp (2 K D FRA oHT &
Fhi L7z, 2D OTIIZNT DY 7V THREL (CPM>0) 235890 b
72 ® s F ® 1og2(CPM+1)% o (& % i L 7=, F 7= R (v35.1,
https://'www.R-project.org/) 3 X % DESeq2 (v1.20) (Love et al. 2014) (2 X %

ward E& W CRBELIFNELL T (padj<0.05) 2Lz, =2V vF A MiF
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Br 1% DAVID (v6.8. https://david.ncifcrf.gov/tools.jsp) (2 & YV 5 i L 7=

(g-value<0.05)

3. —HF U AT — X DN

RMTICH W T — 2y D9 L 20%EE. T%EEB L W in vivo BED > — /4 v
AT —HIIT —HhA 7 I DRA011982 TAB L. 5% LN 10%FED T — &

Ty MIBELTIIRARE LT,

4. LC-MSIZ X A¥F I RiEEMHT

YIREMIE2 & 7 v m v A K IR E R 2 920 L, LC-MS Z HV T4 R
GV HURRRO A 7 « V ARES A EZMT LT, I har RUT ST 7 Lfh
HEREO FEZHWCTEREZRE LSOV REM AR (110-181 #) %
0.1%PVA/PBS Tii%th, A7V a—F v v 7 F2—7IZ ddH,0 15 ul &Lk
LA, IRE SR CHOE% ., TR % T —80°C CHMIFATIRIE L=, eE
HiZ, Fa—TIcAZ 77— LB aaRLiZiNz, 2 5%. FiExA
U, mORMEEZ AN CEOZE Lz, ZhEareafRlh10ul, A%/ —
0 ul ZMZ, ZE DT HI L TIREMMEKZHTE LT, Zi1% Nexera XR
(BERERT) B LT QTRAP5500 (m—b—H A= v 7 ) ZHWT LC-MS
T LTz #17 A1T0% L-column2 (C8 A # /L7 U —_ 50 mmx2.0 mm, 3pm) %
fEF L, NEBIEAEICIT Cl6 7 X K (d18:1/16:0) (Merc) # FHWTHEHE L7z,

AR 3 [E D IVG BLXOY 7 U 72 K IRl 2157, £7-0E

66



Bahm DU, — M EE A2 EF MO EEEICZEL -

(https://www.cerij.orjp/) . 15 & ALIZIEEIL Tukey-kramer ¥ K U #E L7,

5. 7FE=VUBIBIORAT 4T — U UEREINIVG

o E Hi-4, 5. 6 FAIERIC LT IVG IFREIR O VEH 3 KOV O T AZRE D fiFAT
ATV, BFEE 20%BHRRESRME T TR 7 I NEBERIAEA 7= Bl
BLOATZ I r—U UBBIRINIVG 23 L7z, 7F=3>Bl (cayman)
FAZ 7 — v (BEE740L) ML, 1mM A by 7 2L, A7 4
A r—Y g (cayman) [ZA X ) —/VICHEML 1 mM A by 7 i LTz,
ffi & ©—30°C CHEFTERTE L7, IRINESHIGHEL RIS IR, TR0 SEA A I i /3

1%L T & 702 &9 itk L7z,
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1. 5%, 7%. 10%3 K O 20%E 22 554 IVG IRRERIIE S KON in vivo IR RERIAR D

BRI T v 7 7 A VENT

5%, 7%, 10%35 X O 20%ERE S FI2351F 5 IVG IRRE/E TS K O in vivo JREE
ML DB — B FRIL T v 7 7 A VRN &2 FelE L7z, fRT OfE R 5%HE
(n=24) . 7%HE (n=24) . 10%H (n=10) . 20%HE (n=21) 3 K O in vivo B¥
(n=23) DOEFF 102 JIEHMAZIZ BT 25,065 B - ORI AR L7, 2%
BInFORBEL S LIZ LTRSS ORISR, PCl (F53 92.5%), PC2
(F52 1.0%) VFHEICBWCEEMNE L2y ZAX R LI-—FF T, £Ih
LAMNLTAH TIZiiLD X oic7my ol (PCI>0.5) NA LN
(Figure3-1), #H— LWL F5 T 5 204 \in 1T (B ED~OK At
#>3S.D.) O U v F AL M 24T o 7248 R, [regulation of translation] P
[Cell cycle) 72 EYRRFMIARIZ 31T 2 A FHIRR K I BRI 32 term D3 JEAE S 41,
ZNHIIZIN RN TR Bl 5 Cpebl <° Dazl, Ccno. Cenb 3N& £ TNz
(Figure3-2) , M EWREOIIREMIEER TH > 726 R IEFE T
Bl E59 2 DRl A A B IE— RIS BUR TR 2 " L B2 6N b,
LU s, BUNRIEICR T 2 B FREE S F—ERN0HBRICER L
A B ISR OBEINIAES T Cpebl XM, Dazl 1XEENZH 0 |
ZDOMDOBIEFITEN TS —HROBIERENRBO SN2 oTc, DT LMD,
AR R L 72 JP R L IE 5 72 SRR Rl RR 20 & 3l U B2 7238 A5 T

RET 0T 7 ANV G LIRS ER TH 5 LB X BT,
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FEMFNCE LI R &2 bR & . B o 21T o 7o /s R, PCL2 i
EIT in vivo BEIZIIDN 20%, 10%, 7%, 5% & B5REERIRE O I - Tl
BT L0107 ey h&iz (Figure3-3), S%REIXEMEET SIS 7% /EL D
b in vivo BEICIE LWBIR PRI T 7 v A VEFT 55T, EMAICRLS
< OYIRFMAEAEF Ei7 (33%. n=8/24), T AU S%HEEIZIS\ T HNREHI A Al
RPETT2—HT, RAZTET CEINFORFEEREN M LT 25 &0 5 B

AIYN R DR — M L 756 LTz,

2. 20%FR 3RS IVG JNREAIIRLC R BL AN 72 3 B B8 s 1 D AT

WIZ IVG O EERHFELENIRE R T REBL T 7 7 7 A WIS h 2 T 8%
G L, BAERUGEL ST 20 FAD TR EEE 2 R T 25720, @E
BRI 20% . EEEIEE LM 7% KO in vivo EOBEFRBEL T v 7 7 A
WCHER LTz, 3 BECTOERD O ORE. PC1 (T HFR 93.7%) IZHW\T in
vivo B, T%HRER LY 20%HE & FBAEROIK NI o TEMIZC T vy FEnk
(Figure3-4), F7-MEEHI 7 Z A% U o TRHTOFER, T%RET 20%8E L0 b in
vivo FEIZIE LW T 22 S, AR TRIEETFRIAT e 7 74
JVHIT in vivo JRREMIEIZ T LW IR REM I RRE 2 815 L Tz (Figure3-5). €
ZTEDL ) RBIEFRBEMBBRMITIE> TREALH L, £ L TRAERICH
B LI=O0ERIT D72, invivo BEICRTT D 7%3 L O 20%EEH O 85135
BB ZMENT L. in vivo BEL 20%BERIC 1T 2 RBBLLEBIZ T 4,386 BIn 1. in

vivo Bif & T%RERIC I 1T D3 BIEBIRIS T 4,357 Bi5 T2 M L7- (padj<0.05),
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BONTRBABEEE OO S 1,831 BB TR mBELMHICEFRR < IVG
SRREAEA CHEiE L 7o R BLE B 2 79— C. 2,555 BISF1E 20%HF, 2,526 &5
T T%REC B W CTRERMICRBAH) L2 (Figure3-6), ZLHD 95 20%FREZ
BOWTHRFRIICHBILT 2R LT 2,555 s 11Xl ERR S 20%HE TR ELR
AN L, BEPRASRMNE 7% TR RENUGET D 2 L b RAERUGEID
BAG-3 50 FAEWFHIREEOIRMES I Sz, 22T U v F A MElr
M LR R FERS T RERIC TCell cycle)] <> lcovalent chromatin
modification] 7¢ FIIEHHIEIZ 31T % Biological process % IR L 7= term DA A3
AONT—T07T, IIRMlaRR & I3 ERAMRIZZ 2 b T Apoptotic process] 5
& O ['Sphingolipid signal pathway| 723 S 4172 (¢<0.05) (Figure3-7), A7 4
VAR X, MlakEk sy ThH AT o TI Y v EREHL, £7205
BAT 4 x=—4—¢L LTHIRSEAHET 287 I R bz, MlAEFEEZRT
A7 4rAr—0 AT ORKE L THbLND, AT 0 TJFE
RFHIA T 4V AEEHHAKT D denovo Rt T IR - 27 4Ty
— U UM AMH AL MIfESEZ I3 5 salvage fREK D 2 DD B 720 |
7 I RARBTLESNTZHA, TR M=V ARG ESN, 2 har RYT7HE
B4 T 5 (Gudz et al. 1997, Larsen & Tennagels 2014), SN LIz A7 1>

JEERHEGFICER LI 2 A, denovo BRETITEY VBLUOVIL I A
WCALXVYE FRRAT 4 AV BT DY - 7L b A VEEERESR
Ve RaRT7 4TI rnbYk Rt I I REAGMT 51T I REKEEER

FOVe FrEI I M6t T7 I FEANKT LY Frt T I FAffblEA
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% a— K9 DI T Spticl, Cers6 54 CFDegsl DRBEHN AL, WD
BAED 20%EHCBWVTRE ER 2R L= (Figure3-8), F7- salvage fRI& TlT A
T4rAI Y b ETIIFEANTLOAT 4 AITY URARY T AT
T—EBLET IR 4 IIZY VERKTAARAT 4TI Y UERK
itk % 22— K92 Smpdl, Spmd2, Sgmsl ¥ X TN Sgms2 D 20%HEZ BT B KB
REBKTARONZ, TO—FHT, A7 43IV r—JVBBrbRAT 402
VUERRTAAT 4 AV~ Y UBIRA T 7 A= E AT 4 AN
I I REGKTHET I REMEESRE 22— K925 Sgpp2 B X O Cers6 13 20%
FERF IR EL LR 2R Lc, 2o Ex ORBBEEER - ORBA B % 2
7 ¢ v AREAHREOTEMERIEE LTEZXD &L 20%H BV TET I A
%D B TUHE A RIE X 7z, Z ALl Sphingolipid signal pathway| & [A]E(Z

[ Apoptotic process| 23 L7 Z S IZHFFE LT,

RIZ T Apoptotic process| (27 EANTCBIE T CTHEBEZ T L, 20%HBHESE
F IVG JPREIa CRBUK T 278 L7z Bel2ll0 \Z& B Uiz, Bel2ll0 /27 R h—
AZAD MY H—=ER2D/NNAENEI Fay RUT~OANT T LA T RN
HlFT 25T R b= ABEFTHY . SERHIINEEE LS (R AR BLE R L,
SAEINE TEFEBLEZRT —HT 2 MIWICBIT T 5 L F LWREBUR T2~ d 2
ERFHN TS (Yoon et al. 2009, Bonneau et al. 2016), £7-4— F 7 7 ¥ —F
AT THY 72N BCL2 77 IV —0OFEICL VTR = RAZFHET 5

FERERIIE S EN H D Atg5 ITAE TIZRWN S DD, 20%HERRAY 723 81 E FAH

71



A3 HAL, Bel2ll0 & AtgS OBIRTHRBETMOAOHBEZ /R LTZ (=—

0.85) (Figure3-9),

3. X b=z BY 7B A O IETURAT

ZINETIZ IVG ORI W TS H DI har RUTRENRAON-Z &

N, 2 hary Y THIENCBERT 285 - ORBRENEICE B L7I-ifiT 2 £l
L7z R bar RUTHERET 2 Dpl BEO har R 7ahe 2 HlE-d

% Ml 1% T%HERRICEBUN T 2R —F TEOMDI = U T A
B F Mm2 B3 X Opal ORFFHBLITRO 720> 72 (padj<0.05)
(Figure3-10), £72I ha>r KU TH ) AIEAETHZETI hary R T4
JLADOREMIZTHEE L, F1Iba sy NI 75 2ERA~OBEGLMbND
Tfam 1% 20%BERF A2 BB T 2~ L7 (padj<0.05), L22L7Z2nHI hayv
KU 7 EEC B E 4 5 Z DOMOELETF D 9 B Pgela, Pgelbm¥s KON Nif2 1% 7%
FERF R BBUR T 2R LT (p<0.05), & BT invivo BEIRREMIG & bRz LT X
R KU T DNA 2 B—HUXE F L TWDIZHBED 59 me-Rnr2 X2 mt-Ndl
mt-Cytb, mt-Col, mt-Nd4 72 E DI ha R TS ) Aklza— RS b#isT
DIE & A ED 20%FEFF BN 0388 B A 2R LT (p<0.05), LAEO X ST b=
> R U7 BEEE ST O—EBICITBEE R AT GO b/e—75 T, IVG YRRk
MBI DX by B U 7EEORE R ARUE LA L 9 2 /M2 hh

HT b2 LT TEhrhol,
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4. UNEEfOY T X NEA O E ST

BAR TR BURNT OFE R, 20%BEE S IVG IIREHIARIC 1T 5287 I RO RE
ERNTRR STz, 2 CARMENTIE LS-MS fENT 2 AV T 20%EE, 7%HER L O
in vivo BEIRREIE O | 7 X REH EO BRI 21T > 7=, TOFER, in vivo B
1.0£0.02 (n=3) IZH L, 20%RET 1.9+0261% (n=3) LHHFICETI FEHAE
IFEEM L7 (p<0.05) (Figure3-11), £ D—J T 7%HETIE 1.3 £ 0.03 1% (n=3)
&7 I FEOBEEZEREIMNIASNT, X7 ¢ ANFEAGERERE OB T-FEH
AN A Lo ERSRIRAIIRICR I 51T 2 FEABROBIMEAIZ,

kay R 7B OISR EmOAOMBEZ R LT (=—0.99),

5. ¥ REBMEERBIORA T T — U VEBERINIVGIZ LY EA S

AT DR REMA A 0D 78 A BEMEAT

R 20%ME SR K VR Sz IVG IRREIIRIC I W T R 7 ¢ > FF
HEABEFTBLOET I REAREOMMBH LR | BAEREKTO—K &
2o TWDHZ EAURE SN, 2T IVG IO T I FARER TIC X
LHFAEREYGELZ BIZ, BT I FAMPALER 7 €= BIIRINIVG & Eii L,
15 5 AV IR RERIE O AR R ~ DR A REREMNT 21T o 7o, 7 & =+ Bl I
B bt 7 2 RAEROBFILER L L TEHT 2 (Wang et al. 1991, Bose et al.
1995), 0, 0.1, 1B X 10 mM BN EZFRIT 72, L L7aes bR EIzs
T7E=V 2 BIRINC X2 A ERFARBEGEITRO b h o7 (Figure3-12),
FT7E=T Y BUHRING Ko TIRRaAIRL S B 2 F 72RO fmEhns B 3o &

IR LN R b=, WRICATZ 4 dvr—U et T I FEIOEN
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NI U ADIEFIZ L DHARGEZHRNE L, A7 0T r—1 U0,
10 B LV 100 naM IRINX Z§% T, A7 4 > T — U VRN IVG & 906 L |
TEH IR R ORI ~D R AR Z T L7z, LIL2RAN 6 7E= U BIH
IFEARICHE AL B ITZRBR O bN T, T XFHMBOBITHREL L

(Figure3-12),
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5%, 7%, 10%3F X O 20%BR35 51 IVG IFREHIIEIS KO in vivo BRREHINE O 3&
BFRBET a7 7 AVOFITIZ LD BERIIMIEER TR T e 7 7 AL
AT L HAERB X O EMERIREAR TS E > T IVG IIEEMIE OB s 13857
17 7 AVD in vivo BEIZIEDO 2 ERHA LN E o7, FEMICER LZERIX
S%FRFRME VG IREHMIR e b in vivo IRFERIIRAERA ST LWB IR 7387 =
T ANERLUIE—DT, SRR AN A2 R TN 5% 3R R S
IVG SRR ZHE EN TV, FET DXL R0 OFMEIE. 20%F2 %
Gl L e S%MEF S CIERAERGTRIE T T 500, l#l a2 T T
TPRF-DFAERITENE VD S%IEEFR ST 31T 2 BERRTIR BRI O A —
AT Db D LEZ BNT, 5% SN IVG I REMAL TIIARENT L 72 IR RE/ A
D 33% (8/24) NHAEMIZE L T o, ZHIUTK L, 7%Me3E M IVG IR REIIE
TiE, HERCE ENHLIRMIRIE 8% (2/24) LiFE AL RO oT, Z
TIC LD T%EEFRGAEDS 5%l M L ik U C & 0 5 — 72 iR SE R O FE H
IZHF L TWD Z EDRIB S LTz,

RIT 20%F8 541 TVG INEMAE, 7%0E 3R 50 IVG JPREBIES KXY in vivo DR
REHERCZ 36 1T 2 FEBIZRENEAR TIRHT OFE R, 20%E3E 5 IVG INERMG Chr 2
AR BLAE) 2 7~ d 2,555 B FI12iE. Tcell cycle] =2 [lcell division] (25 Hi
% HfE 5y 4B E 5 T35 L O Tvesicle-mediated transport] <> [Endocytosis] 1 5.
B IVDABER R - Al AN W B R -7 & O IR R AR A & S Bk L

72 GO term 33 X N KEGG pathway D25 i H L7z, 40513 20%EE 5 514 IVG
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IRFEMARIZ 31T 2 FFE D 53 1R B O MR A= F R BE A Z BRE L 70\ KB 72 I
AR EE TR T e 7 7 A VO RE N REBINT-, Flo, ZHVE TIZINREHE
fa R IZHE > 7o DNA A FIUAKICRE SN o =85 ) MMER/ N2 —  OFENL AN
B, MR AR BE B AR O P, HARRAN S B R AR - R I A 23
A B 47z Teovalent chromatin modification] 1%, 20%5E 54 IVG JRREHIARIZ 35
TS MERI NS — 2 OEE ERYE LT (Hiura ef al. 2006), T4, IVG
UNEERAEIE DNA A F AL LUV in vivo SRREFRAE & LB U TR 975 2 &3
WS, E7220%MEFESM L HER LT, S%IERENT T CTIEE SN2 IVG PR
HIBETIE DNA A2 F AL L~V OK FARERIIC K ET 5 2 EnHE I T
. AT RS Lz (Naillat e al. 2021), %O —J5 THI R E O B
HPENH FE D STV TApoptotic process] 35 & T [Sphingolipid signal
pathway| OEMENFERD Bz, T H D GO term 3 L N KEGG pathway (2 &3
AL T OFBEENEE) D . BAG T- B L ~UL T 20%IE3E 544 IVG IR RER
FUZBIT DT R F— AFEEBIPNE T I REBRRKEO B TTHENT &0 e
7257z, [Apoptotic process| (27 FN 7B TH CThem# L2~ L7c Bel2ll0 1%
PL7 R F—=Y ABIBETFEHOLNDTET T2, IR RE~T G52 &
P SNTEY . 7R b— 2 ABEER - R B R & OV R R &
BEEME 2RI S 4L TW % (Yoon et al. 2009, Bonneau et al. 2016), F£72, A7 4
TRRERBELETFICER Lize 2 A, R 2T 2 B FHE OB LS
INE =B de novo FRIKIZE T HEY BV ULI FA L CoA 0B DT

7 I REKEB LI Wsalvage RIKICHBITHAT7 4 T — U VBB LURAT ¢
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AT PHDOET I REBORETUEN RS I, LC-MS T ORER. 20%
BESEZRE IVG IR RN 7 X REFROBIIA A N, ET IR
TR —=R%ZFEE L, I b RUTHEELZHETL2Z2 /M6 TED
20%EE RS VG JIREIC I 5 X b2 RU TIREMOIK TR T AR h—
ABETFORBEFEIIET I FEOWINCE 26D EE 2 b (Gudz et al.
1997, Larsen & Tennagels 2014), Z U E CTIZIFRHARICBIT 2 A7 « v TNEE >
TF NI LTe 7 AR b= ZABR BRI ERIC B W TlE SN T D (Morita et
al. 2000), A7 4 IAI Y UpbET I RERH#TLIAT7 oI F—
Y& a— N5 Smpdl OBISFKE~ T ZFAEFIVEIZIWTRUAIIE, —K
YEfad K ORI OB s R S 4, £ AR E13.5 JREL DS E R~ A
Ty I Y VBRI D 2 & TR R AIC IN R AR AR o i 23 A=
UhZen@mEanit, ZnboREICI D IS EENIICA T ¢ T
BRAEN LT R N — v AGIEEE AT T 5 Z R s, F 7o RRmE
THE SN DIPREME - IFF DR BEIER TO—ICA T 4 IREOHEME X
22 RY TIEEOR F OG- RE STV D, RRARES 23 5 IEIE RHA
HSRINF-CTIER b2y KU TREMOK FTOREREN AL, T, &7
I NEEEME CTh 2/ VI FUBROUIERE T ORE EABRE SN TWD
(Igosheva et al. 2010, Valckx et al. 2014, Wu et al. 2015), ¥T4F, Z D /LI F iR
WMIVMIZE D EHENTIFTE T I REAEOHEM, 2 = NV 7HRE
BB LORAEOKTFTRAHE S, 27 0 v TIFER#ICELDI Far R

THRE L IR o B o U — DI BMRMEN R S 417- (Ttami et al. 2018),
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U bEDZ EDNDARMIICE VRSN AT 4 v TRREREHEE T OBE 75
HEEICE 2T I FEAE, I har R 7l X ORI A RERE D —
EOHIEENEIT. IVG IR IR ST, AEENICE T 2 IV AR IC B0
THEEERITH D Z LRI NT,

FLENMIIZ 31T D X b 3y B Y T HEBERE O B MIAIC ITRTEE > T
BRNLODO, TRETIZEZHEHDI bary R THIEEE FRARESATEY,
ZNOHEER T OREILI ha v R THEERKTOMBEE 2 HEZT 5,
F=a U7 DNA OLZEMIZHE L, £72I F=2 R U7 DNA 76 DEis T
HELEZGIH T D Tfam I b2 RU THE~OE RN HRE I ND PGCla,
PGCIb, Nifl X Nif2 BEpnbisd, £72I bar RUT045H (fission)
L OEA (fusion) %@ L7 EREHIENCIWNTiX Drpl, Mfnl, Mfm23 X O Opal
DGR O TWD, IVG IIRHIIC T 2 B ia T RBUEIT O R, b
2 by R THIEGEE O —E5 (Tfam <° Drpl. Mfm2) (A BB BEEH N
RoNiz—FHT, BAEREESLI ba vy FUTREREEZHHL Y 5250 F4EY
LRI X R WIS o 7z, F 7. mt-Rnr2 X° mt-Ndl, mt-Cyth, mt-Col,
mt-Nd4 7¢ E DI b a L RUT 5 Ala— RENHBETDIZE A LI 20%HE
R L2 R B B H N Tz,

BARIZA T 4 TRRBEARHREE O B 2 VG IIREIIa s ERBIC 5 2 5 8%
BEET 572012, T 2 RARMER 7=V BIBEIORRA T 4Ty —
YEOWM IVG ZFhE L, (FH S - IR REIR O A RBMAAT 2 550 L 72, L

L. WTFNORIMEBEICBWTHRAERKZEIRONT. & LAEERINLOT
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RERY R E Ulc, ZAUTIRIMNERI IR O 272 & 37 CRpfiialc b 528
L. THIEDMERBECD LB 2 b, £ 7F =2 BlIIE&EEE
PEID CerS 77 RV —BIEFICa— REINDET I REMEESEOIEMEA RET
D2 ENME SIS (Zitomer et al. 2009), ZiVE TOIFRHMARIZ I T DERME
BRCIIRARDIET. 2 har FUTHEEDK TR IO A R L X DHIRA
WEINTEY ., IIRHIaIC L Cidt 7 2 FERRMEEENMES . S ISR
BHEATDHZ LN RBRENTETWS (Wang ef al. 1991, Bose et al. 1995,
Morita et al. 2000, Li et al. 2021), £7=, A7 > A2 — U VEROTINEBRICH
LT, A7 4Ty r—YVighbt T 2 RaEAT 5 salvage RS 23 &ML

LTS, MRt T I FEREDOHMAREE L 72 aTRetEny 5 2 b ivic,
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Figure 3-11. 20%. 7%& &Win vivo B IIB#ICE 1+t
SEFDEEMFEM

LC-MSFHRHTIZ & 2 20%HE. 7%HER L Otin vivoREIRRERIIZIZ 81T 5
7 I NEREELZ R LT CEfE+S.D.)  (n=3) . Tukey-kramer

ErERAWEABEERELEH LT, B527 107 7y MIAE
727 %9 (p<0.05) , DOI: 10.1530/REP-21-0209
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FBUE EHEQINHEOBLR BT e 7 7 A NV EEL v AKX —
Bin T OHEE

B S

FERE YRR GV BIIR R~ & plR 9 2 SRR B R 12 2 50
R ELRR LR 7 O HL - BEREIC K W I S D, IRRERII AR B FE ~DBATIX
Pten < Akt, Foxo31Z & = CTRUEIZ Y 7 VIl S 4L, PTEN f74E F Tl AKT %
PR il S 4. RIEPER! FOXO3 YIRS RTET 5, £D—FH T, B
FEHIRATIRFIZIL PTEN 1HRIC X W AKT iEMEALE LT FOX03 OBANBATAAE T
% (John et al. 2008, Shimamoto et al. 2019), % D OYIHKERBEEIZ BV TiX
FIGLA, NOBOX, SOHLHI, SOHLH2, STAT3, LHX833 XU'POUSF172 & D%
B ORHRF AR TR 723 B, BRET 2 2 & TIIREMIa R & 3R %
L5y N —2 B &5 (Richards & Pangas 2010),

UNREMIIE R R ARIZ BT 2 2N DIRE R v N T — 7 1%, B2 o)
7B & a— K95 Zpl, Zp2 B L Zp3 <° subcortical maternal complex % 4 >
RUE % a— N5 Nirp2, Padi6 3 KO Tle6 7¢ P 123 & 5 SIEEIIR DR S
Z N B a— R BRI, ZRBXOREICHFLFT D X
9 IR RHERAGF Mos, Cpebl 3 X8 Yap 732 & ¥ D& A5 A Wi Fr LAY (il
THEEZLNTWD (Gupta et al. 2012, Monk et al. 2017, Sha et al. 2018, Winata

& Korzh 2018, Cao et al. 2019)
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7 T, AEMIIIRENL T KIT 23588 U, FBERIRHIf X 0 3 S vz KIT
YA RaEZRTHI L TKIT FiRD Gdfo BX O Bmpls BB ERET 5, *
D%, IFRHIESN A~ S 37z GDF9 38 L OVBMPI1S 23, FERIIEARIZIC/ER L.
MR X OY Kitl A FRIUCF G T DIED T 4 — NNy Z il 5 5T
V% (Thomas & Vanderhyden 2006), Z D7 4 — KAy ZHl#ENRESND XD
(ZIP LA & IRRAR AR 0D > 7 AR K D W aR g 22 SRR 35 X OV A Ak
EVBHLNEZoTND,

2O XD R R ~DOBAT, PR EIRERICKIT TRy hU—7
TERLFS & OSCRFAIIG & o 1R BB AR T- R BUHIEIRAE 3 0 H 4L 5 — 5 C. IR
fapl RiRFRIZ 31T 2 3 AERE A SR T 5 B R T H BLHEAE O 2 1L, R A
NELIRSNTEY, BRDMBHFIND, £ 2T IVG JIREHA DO BIR T
FBUENTT — 2 % T in vivo JRREIRIC L 5 41 5 1E 5 72 JRREMAL O &5 758

707 7 AN E R T D8R T OHEE 2 FEhi L7z,
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M MR L UT5E

1. GV HUPREIND scRNA-seq T — & DOEMT

/V/r‘— HL/

2. KBl 7 oE—X—fHEICEIT D Nobox f5&ET — 7 D

PWMTools &V %/ 5T A R position weight matrix (PWM) g7 /LU X
2 PWMScan (https://ccg.epfl.ch/pwmtools/pwmscan.php) % H\T., ~ 7 X U
77 Ly AS 7 A (GRCm38/mml0) (Zxf9 % NOBOX fi&EF— 7% %
ffi L7z, NOBOX fi&€F — 7ML MR RAY DNA fiaEF—7 7 —4
~_—2Z CIS-BP (http://cisbp.ccbr.utoronto.ca/) & ¥ A¥)FE : Mus musculus, 75
F— 7 : Nobox M0980 1.02 (length=9) % %R L., 7 7 4/ FFHETHREL
1To7=, BEBIAE IR 2,500 bp 27 0 E—& —fEEE LCHIHL, Zo7n

=X —fEBICBITAAETET—T7 25U b LT,
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1. IVGIFRHfIc B W T L CRER Y 2 R8s

7% 58 2 TVG INEEAGLZ A 2k 2 BN~ D FE A REIE 20% R 58 2 IF & i L
BEICWE LT (p<0.05), L2L72n5 invivo JI1 & RIKMEE TOLFEIT]
EoTELT, FREARELTEZLDOI bary U TERFELRDO LN, &2
TEIE TR T v 7 7 A VMR R X V15407 IVG YFRER e 8 o0 J8 B2 5
BIR T ZMTT 5 2 & T in vivo BEIZKTT % IVG IRRERIRL O AR SE 2728 AR 758
B7a 7 7 ANl % KT ORE Z 7,

invivo BEIZXIT % 20%8E 3 KOV 1% HE O R BULBIEAR T-AfAT OFE R, R mE
RMFIZ L BT IVG UIREMAIC I W TRE I 477 1,831 BEis 7o S,
20%HE, T%HER KON in vivo FEICK T 2B TR BLEL b & 1T k-means 7 7 A X
Uo7 XKoo T AL, BEREEICE ST IVG IPRHMINL T3 L Tt
LTRBEIE T2 RT 489 85T (7T 2% 1) BLXOWH LA 27T 714 85T
(77 2% 3) #[FEL] (Figured-1A), ZNHDEMLBRTFOZ Y vF ALk
fi BT G J L B As - %8 BLI A BY K] 7 & 7R 9 Tregulation of transcription,
DNA-templated | DEHZE 72 ¥=#d 205 i Hv7c (¢<0.05) (Figure4-1B), & Z Tl
BB EHBLTF (77 2% 3), ERIUETERET (F 724 1) IZGEND
AR TR B EE R 72 N E N S6 BIn TR LN 128 BB FICER LIz Z
A, KR IR R AT DI A E EFN TV (Figured-1C), s BUK i
(R TIEIR R B R ~ OB ATHI 1 72 & O PN R s Rl R 1o B 1 B % 5

DYE B D Nobox =2 Stat3 NEE10. 26 O UWERERYRIE S B S 17—,
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— 5 B EREE T2, PRICK L TRBRZISEIEER T TH 5 Hifla
BEW Arne (Hiflb) WA BTz, IVG IIEHIRICEK T 2 BIEF R e 7 7 A
VORFEENET, IEF 2RI OR A - /b & HlE T 5 R 5 BEEAR T O3
BURTFICRERT 5 & &%, BBUKT 2R LGRS R 1 56 Bis 7% EH
IRREMAE 2 R8T 25 7- & LTHEHE Lz,

2. invivo SRRFIAEE DB B 7 1 7 7 A )V 2 AT 5 IVG IREERIRE O fi7T

20%HE, 7% REFS KON in vivo BEIREHMLDMERER 7 T 2 52 U o T M DGR
BREDOIN R L ENEIN T T A Z TR L, £To T%REEE T IVG JRREMIE T
&5 20%HEL 0 b in vivo IFRFHIBICIE LWBE T RE T e 7 7 A L2 H LT
L Enmsanie (Figure3-5), F7HBREWNT &1T T%HE 3 BIR, 20%HE 1 &
RS invivo B2 7 A Z I/ L T\, 2D D invivo FEIZIE LW IVG YRR
DIELFRILT 0T 7 A VAT 5 2 &3, in vivo BEICR S5 IEH 2 I0E:
MRS BT 7 7 7 A V% IVG THELT 55D~ A X —BI5 T OREICE
WD EBZT, &2 Tinvivolt7 7 AXIZJE LT2 7%8E% invivo like (IVL) B,
75 ZZAL LTI 7% % canonical BEE L. in vivo B & ORILENEIET
FRMTICHEER L7z, IVL B & invivo BERIC IV T 6,343 i {51, IVL B & canonical
FERNC BV T 4,121 BIFAABICERA# 2R L, 2,498 Bz F 2 EEZ R L
7= (padj<0.05) (Figure4-2), canonical #EIZ W TR B L 2/~ L7
1,623 35 1%, in vivo BE & & L C canonical A% CHILERY 2 /x94T —FH T, IVL

BEL in vivo BEEI CIXRBIZE N R o722 &b, IVLEED in vivo BE & DA
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B MDD canonical i & O BEMEZT L 5 2B TFONERIIFEE N, Zh
5 1,623 BIn O Y v F A2 MEWORER, Ein FIEBLHIHE B R 1 4 =
7§ Ttranscription, DNA-templated] 3 JX£ O [regulation of transcription,
DNA-templated | DEHZE 72 ME03 R Hiu7z (¢<0.05) (Figure4-3), Z UL IVG IR
REA Sl L - R EBIn T o= ) v F A v MENTHFER LA LT, =
ME TIZEE L7z IVG S REHEAR 3t U CORBUK T 2 /8 9 i 5 B E (5 1 56 1
{5F & 25 D canonical FEIZISIT 2 FBLEE B FICEHBET 585 2T L
7= & Z 5. Nobox, 2410141K09Rik, Gmi4139, Nr2el, Zfp35, Trp53bpl, Tch25,
Rifl, Spll10 3 KT Cic D10 BinT % IEFE RIS ER 7R T n 7 7 A V%

KRS T 281 & LTIt L7z (Figured-4),

3.  Nobox WNIFEEIE R T 0 7 7 A VI 5 2 5 2 BOENT

YIREIE S TR T v 7 7 A V& 7e b L ST L LTRES L 10 H

b

gun}

= F+ o M & FF 2 9 & & F ¥ B # # % RefEx
(https://refex.dbcls.jp/index.php?lang=ja) DIEHL T — ¥ ~<X— A EST |ZHS & fiE
Pr L7z, Nobox DYREIZISIT 2 BAE 72 BN FRD b7z (Tabled-1), Nobox
(IR AETFIVRFF BRI L RTHRAT R v 7 ABImFO—2TH Y, FFEEH
B R ORE WML THBL L, INRSI R~ DOBIT & @ mO1T D
BT Td D (Suzumori et al. 2002), JIREHIKIRLRE I ~DOBATICHETH D Z

ENHGIL, BERTF L LT G 72 & Dk 2 BN RERI RS SR R+ D FE ]
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ZEHE S Z EAURIEIN TS (Rajkovic ef al. 2004, Choi & Rajkovic 2006, Choi
et al. 2007, Qin et al. 2007, Qin et al. 2009, Bayne et al. 2015),

Z 2 TAMAT T Nobox BA=T- & DI BB RE DR BIVEAEAT IS L T NOBOX i
BT — 7T 2 2 NOBOX TFitfillBInFiED A7 U —= T 21T o7,
NOBOX (T & 2 FBLHIFH N1Z & 2 BAS 113 Nobox DFEBIENHE & FELL L /- &
RTEEZLND, I TWEIZ NOBOX D7 1T —4 —fEE~DOfAEB LW
BT RBGIEI R SN2 GAPIZHEB Lizk 2 A, 20%RE, 7%HEER L Winvivo
FEIRRHMIIRIC BT D Nobox B LY Gdf9 O a1 REITROIEOMBI 2R LT

(r=0.82) (Figure4-5A), % Z CREEDFEL AT invivo BFEIZEBWTIHILT S
B FHED 9 B log2 (CPM+1) =6 O a2 L. 245D 20%5HE,
T%lER Z OV invivo FEIRREINEIZ 31T 2 F8 Bl & Nobox DR BLOMHBIRE 2 €
NWEH L, mOFHEBE 207 2R L7z 87 #Eis & L7z (Tabled-2)

(Figure4-5B), ZiU 6 OB FEIZIFIEMIOK R, B I =3
T Ay TEM ORENLIZ I E AR R 72 DR REM R R B8 AR Kir, Zp2 B LW
Nirp5 72 Emd& iz, —JF T, Nobox I IfEHET—7 (a4 AfEF] :
TAATTG) Z#HHE L7 vt — 4 —fHE~DOFRERMONT NS, £Z T
HE— 4 —fHIZE TS NOBOX S EF —7IRAROHmIN AT LT, #&a
BF—TEHFTHIERRESNTWD GdfY TIiL 3 7T, Nobox FBL & DFHES
RERKEZ W BN 3 BIaT Hspa8 (1=0.84), Fbxw2l (1=0.84) /5L CF Fbxwl4

(r=0.83) TIXENZEIN 2, 8 BLV 3 FEOMEEF—7 2 AL T\ (=4

BAMRED ., L LR GREAGET — 7 OEDB L EAL 3 BI5 1Tl Z(p280d (41
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&) . 4932438413Rik (41 &) 35 X Wnkl (38 f&ifJT) Tl% Nobox F&EiL & D
FEBIRE N ZNZH 040, —042 BL N 042 2R L, fEGETFT— 74 L Nobox
FHEUCREHRMEITRO b eho 7z (FEEF —7%0) (Tabled-2) ., ARBEHTIZ
L0 FIE SN 72 NOBOX i AT F — 7 1d~ 7 A4S ) AT 1,444,179 FEISAFAE
L7z, ZAUERE U < SRREAIAE Al R AT IC RS 59 2 FOXO3 P LHX8 D~ 7 A7
J BFEA TR 126,416 fEHTRS L 10 29,363 (AT & k95 & 10 — 50 f5fE % < .
REELPEIZZ Lo Tz, ZORERIT NOBOX fE&E T — 7 DIFIEN, Nobox 12 X
HBETRBHIEIC & > THFORUETIERW I L 2R LT,

VLB DfENT 22 & IR 22 IR B s TR 7 v 7 7 A )V 2 KT T 5~ A
A —BRTFD—DE L TARY U —=2 7 STz Nobox |37 IR REM B AR 1
BT a7 7 A ZFHE LD DI LRI, Nobox O JREEHAE AR AR

BT 2R RE RN E 28 A S LTz
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in vivo JPREAING & bRl U, BEE ISR S IFIC K 63 IVG JFREAGIZ Jo v T Mk m
L CRBUL T 2R LICER G EEE R T 56 Bin1 4 (5 72 URREHII 2 RefT
HEMELETE LTER Lz, 20D OB HICIZIFRERIE R BTS00 RE
MRS, FEER - & U TR AEIZ T B 5 2 L A B D Nobox 3 LU Star3
EEATED ., 2L 0H LWEERMIm AR &7z (Rajkovic ef al. 2004,
Choi & Rajkovic 2006, Choi ez al. 2007, Qin et al. 2007, Qin et al. 2009, Bayne et al.
2015, Haraguchi ez al. 2020, Ou-Yang et al. 2021), % 7= AHIFE-C PRI IZ B U
T Star3 13 by RU 7HEEER L O 2 #0352 & 23 541 (Carbognin
etal. 2016) . IVGINRHMAAIZI T2 I b= KU 7 BE & QBN RE S
7o

YRR OS2 Z 22 U 2 ZRATIC K0 7%-IVG IR REMI R I iz s
Tinvivo BEIC K VIE LWEB BT n 7 7 A v E A LI-HERAZ R L, Z
AU H O TIL IVG IFEHMifl TREUR T 2R L 7cin G Bk -+ 56 s+ 0
95 10 \I5F (Nobox, 2410141K09Rik, Gmi4139, Nr2el, Zfp35. Trp53bpl,
Teh25, Rifl, Spl10 3 XU Cic) OFBBEN RO, T D 10 BIn T DFEH
BB K o THEM D invivo BRBIG TRELT 1 7 7 A V&S, MEFfShiz &
EZBIV, ZHD invivo SRRHIIE FHRIATn 7 7 A V&L LO TS
AIREMEAS R S ivTs, TR, W SAUTCURRERIAY - SRR BE 9 S ORI
LB T A 7 V) —= JCHEMEIE T & L THEHE S37z Nobox 35 X OV Spl10 73

& FE N7 (Hamazaki et al. 2021), Spl10 DI ARICBI+ 2 M FIEZ L
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o TD—T7 T, Nobox (ZIFREMIARL R~ DBATICHHDER G IR T & L TH
515 (Suzumori e al. 2002), Z UV E TIZ NOBOX 1 Gdfv 72 & D Gkl 4 5L
HFE BB R T OB T-HELHIEERICH G L, filH4 2 2 LI X sl
T3 5RO B RBERy NV —2ICHFET L2 nmbnd
(Rajkovic et al. 2004, Choi & Rajkovic 2006, Choi et al. 2007, Qin et al. 2007, Qin et
al. 2009, Bayne et al. 2015), £7= 7 L IRIZIBUNT Nobox DIRMES ) KIEMEAL~D
FHENRE S 7z (Tripurani ef al. 2011a, Tripurani ef al. 2011b), JREEMIFE R
FOWIHIIRFE AT W TEHEREFEZ 5 Nobox Th L 05, £ OYRREMIRLAK K
W 20 TAEMFEREDIIRIERATH 5,

FREINREMIIC 31T 2 Bs T RBE 25 in vivo IIREHIIL OB {5 7587 1
T ANETZL LD ENREEIITZ Nobox D TlitBin %, Bin F3EHE)
REDFABAME S BRI L7z, & OfER, 87 15 1-7% Nobox O FitlEMiEILT-& L
THiH &4, 2 BIZIZIP R OB RER L ORI HAERBVR Z 7 8
a— N5 Zp2 B L OIS DY 7 F NV E2ZET D Kit BVa 17,

F o NLIMT bR SRE R L OWIHIZE A S 2 72 DR REAR I AT SR A0 A &

subcortical maternal complex f§f% % /X7 B O—% 2 — K45 Padi6, Nirp2 3
L O Nirps 73& 7= (Paillisson er al. 2005, Monk et al. 2017), LL_E X ¥ Nobox
PRI RERIE AR 82 3 W TIR R AR OS2 . WA I B e @ s 7 O
BARFRBUGIE 21T 5 Z & SRR S L. Nobox DYRREMIfRA BZ NI 1T 5 IR
REEER T HBLAR Y U — 27 ~DOEBB L OREREG~OFEIRIS TS

7o Filz. ZHVE TIT Nobox [FIERICIN AR R I~ DOBATICH 595 Z & 23
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FNHILD Figla ¥ XN Lhx8 D/RIEIZ L 0 s EWIIREEIAEIZ 31T D Nobox X° Zp?2
B IO NIps ORBUR T N@E S TR Y . AEOMHTHERICFE L

(Wang et al. 2020),

)7 CHBE T O T 0T —H —ESIZI T H NOBOX fEAE F— 7 Offisi &
Nobox 38 & TN ZEN OB T HRELOMBEAMEDORIC, BI#EMITR 6o
Izo AL NOBOX it & F— 7 DA HESAEEDS Nobox (2 K % B s+ FEBLHIE
IZE o THAGEMETRWZ EE2RBT 5 LRIFFC, BEETFT—T7 %R0
H DO 59 Nobox DIEHL LB x T REERRIZIRVHBEAM 278 L7cB I+ 07
B E— X —fEIZ 3 T NOBOX LIS D 7/ L& & v /37 B & O EAEH %

I LT, [MHHEMINC Nobox D REBLFIEI 21T > T D A[REMEDS RIR ST,

102



Table 4-1. IVL BRI TRENREL-IEEEEEEFOREBICHITSEETFRER

FHARA Nobox Zfp35 Trp53bpl  Tcf25 2410141KO09Rik  Rtfl  Gm14139 Nr2el Cic  Spl10

Ik 42.1 218.5 600 75.4 56.6  194.1

i 16.3 60.6 3355 37.3 513 23
il 47 285 52.2 279.8 80.6 47 617

BE 371 371 148.5 120 42.8 86 628 286
] 73.2 146.5 24.4 48.8

H 26.2 35 113.7 8.7 35

JiF 27.2 153.9 36.2

fifi 40.2 241 30.1 80.3

= 64.7 57.5 143.7 7.2

W 385 76.9 392.3 63.5 769 19
K 53.8 258.8 784.9 79.9 434 2761
aN 128.9 184.2 36.8 55.3
fivge 190.7 158.9 63.6

LN S 1031.2
RAHHRRE 76.4 172 19.1

HiE 94.6 283.7

e 64.3 257.2 128.6 96.4 289.3 643

H 38 159.6 387.5 121.6 1292 684
EUlITR 84.4 84.4

ik

U R 43.2 86.4 32.4 97.2

A 1. 28.8 14.4 273.2 28.8 14.4
e 105.3 144.8 65.8 26.3

i it 49.4 118.6 484.1 59.3 494 99
HHE 718 64.1
i

B 12,5 50.1 263 175.3 62.6
i3 79 396 55.4 300.9 238 79 633
=] 130.9 436 349 87.2
sz 13.8 138.1 179.5 55.2 124.3
EIRALLY 61.8 61.8 61.8 30.9
PHER 1149 115 218.3 57.5 57.5 345 689 1034
it 66.5 147.8 103.5 44.3 36.9
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#Afk4  Nobox Zfp35 Trp53bpl  Tcf25  2410141K09Rik  Rtfl  Gm14139 Nr2el Cic  Spli0
Dok 111.6 130.2 37.2 55.8
gidin 177.5 355
BiE

H 32.7 327

5 184.9

fili 52.9 705 123.4 705

JFF Ak 27.2 153.9 36.2

it 40.2 241 30.1 80.3
JEEIbE 330.9 198.5

P ik 72.5 24.2 137 8.1

TR 77.5 25.8 800.9 155 155
LIRIN 224.9 112.5
B 1273.3 424.4

AN 375 178.3 328.4 18.8 18.8
FLIg 32.6 58.8 3134 58.8 718 33
W 5 i 54 324 162
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Table 4-2. Nobox IR EBNEEE R B TE

gene information

Nobox & O 1HE8

in vivo

No. of motif

consensus

EnsID BEFE correlation socre (r) | average seq.(TAATGG)
in TSS+2.5kbp

ENSMUSG00000029736 | Nobox 6.42 4
ENSMUSG00000015656 | Hspa8 6.99 2
ENSMUSG00000047237 | Fbxw21 8.20 8
ENSMUSGO00000105589 | Fbxw14 7.70 3
ENSMUSGO00000074895 | Eif4e1b 6.94 3
ENSMUSG00000001166 | Oas’c 7.89 0
ENSMUSG00000025393 | Afpsb 6.66 6
ENSMUSG00000018238 | Gdf9 10.58 3
ENSMUSG00000033952 | Aspm 10.72 19
ENSMUSGO00000057193 | Sic44a2 6.19 7
ENSMUSGO00000030911 | Zp2 9.70 1
ENSMUSG00000024270 | S/lc39a6 7.62 4
ENSMUSGO00000002900 | LambT 8.44 5
ENSMUSG00000030246 | Ldhb 11.30 7
ENSMUSG00000022312 | Eif3h 6.82 6
ENSMUSG00000006273 | Alp6v1b2 7.35 8
ENSMUSG00000020448 | Rnf185 7.61 1
ENSMUSG00000031400 | G6pax 0.79 8.11 3
ENSMUSGO00000074060 | Foxw15 0.79 10.40 1
ENSMUSGO00000016626 | Nirp14 0.79 10.35 10
ENSMUSG00000026687 | Aldh9at 0.79 6.90 8
ENSMUSG00000032387 | Rbpms2 0.78 8.60 2
ENSMUSG00000038925 | E330034G19Rik 0.78 8.94 1
ENSMUSG00000028591 | Pramef12 0.78 8.07 2
ENSMUSGO00000017716 | Bircs 0.78 6.91 1
ENSMUSGO00000087193 | Gm 14820 0.78 6.60 4
ENSMUSG00000041992 | Rapgef5 0.78 7.85 22
ENSMUSG00000028138 | Adh5 0.77 6.50 0
ENSMUSG00000035329 | Fbxo33 0.77 7.40 5
ENSMUSG00000053490 | 7rim60 0.77 7.65 2
ENSMUSG00000025817 | Nudt5 0.77 7.75 2
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gene information in vivo No. of motif
consensus
EnsID BEFE correlation socre (r) | average seq.(TAATGG)
in TSS+2.5kbp

ENSMUSG00000054087 | Fbxw14 0.76 8.34 1
ENSMUSG00000040935 | Padi6 0.76 9.80 4
ENSMUSG00000021509 | Slc25a48 0.76 6.06 0
ENSMUSG00000047911 | Npm2 0.76 7.25 4
ENSMUSG00000071379 | Hpcall 0.76 6.37 2
ENSMUSG00000010914 | Pdhx 0.75 7.69 0
ENSMUSG00000036112 | Metap2 0.75 7.23 7
ENSMUSG00000019505 | Ubb 0.75 6.48 3
ENSMUSG00000027635 | Dsnt 0.75 7.92 5
ENSMUSG00000030878 | Car2 0.75 7.76 4
ENSMUSG00000057113 | Npm 1 0.75 6.46 12
ENSMUSG00000022024 | Sugt? 0.75 8.08 4
ENSMUSG00000005483 | Dnajb1 0.75 7.73 1
ENSMUSG00000020608 | Smc6 0.75 7.96 14
ENSMUSG00000058407 | 7xndc9 0.75 7.27 3
ENSMUSG00000036309 | Skp7a 0.74 11.10 5
ENSMUSG00000072258 | 7affa 0.74 6.67 2
ENSMUSG00000031767 | Nudt7 0.74 7.06 3
ENSMUSG00000026239 | Pde6d 0.74 6.61 2
ENSMUSG00000074061 | Fboxw19 0.74 10.04 5
ENSMUSG00000037742 | Eeffat 0.74 7.77 4
ENSMUSG00000026189 | Pecr 0.74 7.82 0
ENSMUSG00000041235 | Chd7 0.74 6.47 9
ENSMUSG00000020415 | Pitg1? 0.74 7.92 2
ENSMUSG00000035177 | Nip2 0.74 7.98 9
ENSMUSG00000034088 | Hdlbp 0.74 6.05 11
ENSMUSG00000025857 | Dnaafs 0.74 7.93 2
ENSMUSG00000005312 | Ubgint 0.74 8.58 8
ENSMUSG00000041653 | Pnpla3 0.73 8.16 2
ENSMUSG00000004535 | Tax7bp1 0.73 7.53 13
ENSMUSG00000079184 | Mphosph8 0.73 7.27 7
ENSMUSG00000024043 | Arhgap28 0.73 6.74 13
ENSMUSG00000029014 | Dngjc2 0.73 6.02 4
ENSMUSG00000034210 | Efcab14 0.73 6.84 6
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gene information in vivo No. of motif
consensus
EnsID BEFE correlation socre (r) | average seq.(TAATGG)
in TSS+2.5kbp

ENSMUSG00000037824 | Tspani4 0.73 7.15 2
ENSMUSG00000021270 | Hsp90aa 1 0.72 9.49 5
ENSMUSG00000027439 | Gzf1 0.72 6.02 3
ENSMUSG00000024750 | Zfand5 0.72 7.43 3
ENSMUSG00000025544 | Tm9sf2 0.72 8.22 0
ENSMUSG00000038005 | 2700029MO9Rik 0.72 8.82 4
ENSMUSG00000042426 | Dhx29 0.72 6.01 2
ENSMUSG00000070686 | C87414 0.72 7.24 2
ENSMUSG00000012350 | EAf 0.71 7.84 12
ENSMUSG00000025967 | Eef1b2 0.71 6.13 3
ENSMUSG00000005672 | Kit 0.71 8.17 15
ENSMUSG00000010097 | Nxf7 0.71 8.63 7
ENSMUSG00000015721 | Nirp5 0.71 8.30 7
ENSMUSG00000030127 | Cops7a 0.71 6.23 1
ENSMUSG00000034187 | Nsf 0.71 8.09 10
ENSMUSG00000038330 | C87499 0.71 9.64 6
ENSMUSG00000005621 | Zfp592 0.70 6.84 5
ENSMUSG00000032320 | RenZ2 0.70 7.33 2
ENSMUSG00000047799 | Oog4 0.70 9.95 4
ENSMUSG00000040997 | Abhd4 0.70 6.04 5
ENSMUSG00000026596 | Ab/2 0.70 8.72 4
ENSMUSG00000050812 | A/374180 0.70 8.05 17
ENSMUSG00000045693 | Nirp4e 0.70 7.20 2
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Cluster 1
(n=489)

Cluster 2
(n=288)

Cluster 3
(n=714)

Cluster 4
(n=340)

oy,

-log,, (g-value)
[e)}

o N b

DEGs common in IVG oocyte
(n=1,831)

7%-1IVG 20%-IVG in vivo
(n=24) (n=21)  (n=23)

regulation of transcription, DNA-templated
(G0:0006355)

2410141K09Rik, 2610021A01Rik, Atad2, Atf4, Bcorl1,Birc5,
Cbfa2t3, Cdca7l, Cic, Ctnndl, Ezhl, Gecm2, Gm13225,

Gm13251, Gm14139, Gm5141, Gtf2ird1, Hif3a,Insm1,Lpin2,

Mbd3, Mga, Mytl, Nab2, Nobox, Noc2l, Npas2,
Nr2el,Nup133, Pax5, Paxbpl, Phf5a, Pphinl, Prrx1, Rgs19,
Rrn3, Rrp8, Rtfl,Sebox, Smarca2, Sox8,
Sp110,Stat3,Suptl6, Tcea2, Tcf25, Teadl, Tfap2c,
Tfe3,Trp53bpl, Xrcch, Zfpl08, Zfp35, Zfp583, Zfp60,
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Figure 4-1.

regulation of transcription, DNA-

Acvrlb, Aebp2, Arnt, Asxl1, Banp, Bptf, Cbx2, Ccnl2, Cdk7,

Cdk9, Cdkn2aipnl, Cebpb, Cggbpl, Chchd3, Chtop, Clock,
Cnot2, Cnot7, Commd3, Commd4, Csrnpl, Csrnp2, Ctbp1,
Ctcf, Dpf2, Dppa2, E2f5, Eed, Eny2, Gatal, Gata6, Gbx2,
Gpbplll, Gtf2a2, Gtf2f2, Gtf2hl, Hexim2, Hhex, Hifla,
Hipk3, Icel, 1d3, IIf3, Ino80d, Irf1, Irf2bp2, Isx, Kat6b, Khsrp,
KIf6, Medl, Medll, Med13l, Med19, Med21, Med28,
Med30, Mesp2, Mixip, Mrgbp, Natl4, Ncoa3, Nelfa, Neol,
Nkap, Nr3cl, Obox2, Obox5, Pax6, Pcgfl, Phb, Prdm4,
Psipl1, Rcorl, Rere, Rnf44, Rrebl, Runx1tl, Samd4, Scai,
Scmhl, Scml2, Sertad2, Setd1b, Slc30a9, Smad4, Smad5,
Snapch, Snipl, Son, Srebfl, Sumol, Suv39h2, Tada2a,
Tafl, Taf5l, Tardbp, Tbx3, Tbx4, Tcergl, Tcf4, Thocl, mpo,
Tox3, Trappc2, Trim33, Trp53inpl, Usp27x, Wwcl, Ybx1,
Zbtb24, Zbtb44, Zthx3, Zfpl31, Zfpl43, Zfpl9l, Zfp318,
Zfp319, Zfp383, Zfpa51, Zfp503, Zfp513, Zfp532, Zfp655,

"\ Zfp664, Zfp939, Zkscan1, Zmizl

T%RERV20%HICHBELTRERBZTIEET

(A) IVGIFREfIRa I Him L TR AR 2018 L7-21,831E (51 A k-meansfi#tic L W 47 F =

ZZ5Rl LTz,

(B) IVGUFREMa CHm B LR 2R L7 7 A X 18 XL O @R UK

TaR LY 7 AZ3CBT HiEls FICITEGEE Oterm A EfE S, (C) EfES A
SN TR EE{L A (GO : 0006355) (27 H L7-, DOI: 10.1530/REP-21-0209
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DEGs DEGs
(in vivo vs. IVL) (canonical vs. IVL)

Figure 4-2. IVLE x93 Scanonical & &Uin vivoBEDRBRE
BBREFOER

IVLEE & in vivoBER I3 1T D B A BB {5 16,3438 15 -, IVLEE &
canonical B[ 12 38 1 2 B BLE B 5 14,1218 5 7 D 9 H 1,623 5 1%
canonical B2 I\ TR IR BLA B2 i 5 7u7-, DOl 10.1530/REP-21-
0209
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Figure 4-3. IVLE®in vivoBE DR E M Dcanonical B &
DEEMZHEALYSBEEGEFHOIV)YFAVNMER
canonical B 55 B A 2R 38 LA ) 2 Rk L 721,623 & 51 I B W\ Tz B RE

BAR TIP3 HtermDEHE 23 il H 4172 (9<0.05), DOI: 10.1530/REP-
21-0209
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Hi[A1E L7~ 108 {51, DOI: 10.1530/REP-21-0209
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Figure 4-5. YRA—EEFIEHENoboxD FFLEEFDRY)—=

(A) Gdf9 & Nobox?®D7%. 20%33 & Win vivoEEIcEB T A8 FRIELZ R LT,
IS O CNobox & GAfo D FE BLEh e X WV FEBS 2 or L 72 (r=0.82)

(B) ##Efa1oRBiE (log, (CPM+1)=6) & Nobox¥&Hi & & DOBIHEZ R L7z,
SRVVAERE (r=0.7) 298781 (H) IZ13Z < ORI RiE a1 23
G Eh iz, DOI: 10.1530/REP-21-0209
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ZIVE TICHE R IR O BB d L OV EREM B A HEE L, Bk 72 IVG K
BIEOWEPRE STz, £ OH T HEERIEHR S OKMEFE LI K O #i~D
A= rrl RORINCEY IVG JPRHMIARILBEE 72 R A RRdGE 2 s LTc

(Eppig & Wigglesworth 1995, Hirao et al. 2004, Hirao et al. 2012, Mizumachi et al.
2018), AWFFE TITEEREEA LM ORIMAITER L, EEREEBESLMD 7%
THHZEEWALMI L, LHLRNRE 7%IVG IIRHIIRIZ I 1T 5 i EAHE
JEAERE. I b RUTERE, BEFRET e 77y idmnarvsrri—
AT D in vivo IIEHIE & e REAZRR LD TH -T2, £ TARETIE
H72 % IVG IPRHMI DR ARRSGE IS MT, BEE21T 9,

5%. 7%, 10%3 LT 20%-IVG YR REMINE O 58 AT 36 K ONEAs T BLARMT
OFERD, IEH 72 5%-IVG IIFREHIIIE Bl B RS TH D 7%-IVG IpFE
AL E VD b in vivo IR LWBIR FHBL T 0 7 7 A V2 H$ 5 —T7 T,
5%-IVG TIIHEAREDIR VY, BERFEH T v 7 7 A V&2 H T 2R A RITRH
FANZ SHEH S D Z ERWBMNE TR 5T, in vivo IR & OBIRT3EL T
77 7 A VORERED BT 5%-1VG IIREIIE 7%-1VG JFRERIRE X 0 7
IS B WWIEAEREZ A L TWD EB X BN, 5%-IVG JFREM 0O A ) —ME D fRH
PHIRF SN D, HWFFEEICBIT 2 HATITRICE D 5%-IVG 13 20%-1VG & Hi L
TERIINARFEEE O LI R EN TS Z L v b, (REEHEBREE O UI R LC

B HRAEBRER~OFS &, INSMIEHEIEIC G2 5 EREN L — N7 0
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WREICH D EEZ DI, ZHHD 5%-IVG IR O RE D —K & 72D =
ENTRRINT, ElEBEREOLRL LT, WERKBERECSWNTLE
TIRER~DBEMBERRIZE S TI Fary RUTRENELDL Z EDNHD
AUy 5%-IVG SRR CTIE I h =2 U THBEOSGETZ T T <, BRERRIZ
LB EEBNFRIHCAE L TOAREMRE 2 ST,

in vivo JPREMIAE & HLlE LT, 20%-IVG JPREilR TR 6N b= R T
DNA = =B L OREMOAERIETD 9B, 7%-1VG JIREMaTIE I k=
v RUTIREMET OBRES A6n7z, Ll s, ATP £33 XU ROS &I
20%-1VG P REHERE & HLi LT 7%-1VG BEUR ARG CHEICHML T\, 20
—[K & LT in vivo JFEERIIAE & bhife U C IVG SRR CIEXUN R B R R 1

T % ATP ZRMED @ WERFRIREE DA L 72 o TV DT ATP BIEE ST
WRWZ EME X DT, £72 20%-IVG IFREARIZ L, 7%-IVG JIEEIE C
X by U TBEEMAE <, 20%-IVG B L 0 LG 72 ATP BRkZ1T-> TV
HHDEZZHIDH, ZiUL ATP 36 LT ROS &S 20%-1VG JIRE/EIC H~ T
LN LG LTz, £ 2T 7%-IVG JIRIIRIZ 35T 2 ATP & & 36 X
O b A b L ZADEHIC K » THAR DI AERROSGEL ]G S iz, F74)7 T,
IVG, %I 20%-1VG 28T 2 IRl K@ Ic BN T, T har FUTICk
% ATP ERMBHEI & 72D . ARV AIZED I b RUTEBHEAD L TSR]
REME & RIR S 72, 20%-1VG #E GV HIUR R IZ 351 T ROS EOHNNTEE® &
IR ToD | ERIEFRIZEB WD T—I#AYIZ ROS &R LTV 5 AIREMRII T E

TEXRV, INOLDOBEEZBIET H2ERTY., IVG INEEHAE O JRREH L L 1
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BRICBT LI bar U TEEBEMT T2 LITEETHY . Fil 5T 03]
Ind,

AR & OFAEREMANTIC KV 20%-1VG IFREHEA CBE 7o I A R 1 T
ERRO B, FD—FT 7%-1VG IFRHIL TIX Z OBITHREOUEN R b
720 20%-IVG JFREAIAL SR DO I 3 W CIRBERITZ A B 59~ 2 SR BN EE T O
A RYTEEORTARE I, ZNUIHET D K 912 20%-1VG JFREHE
B LOYRF T har RUTIREMOKR IR oz, E8EI ha R
U7 EAAMEERD - EARFEAERRIC S 2 2B O ML T, 2 AR R
5 by RU T ENRIEE £ TORAERB L OEKREICHEETHZ L0
R ST — CREEAR~OFHITRO bR, ZTHHDRBRNE,
IR RUTOEEME, Dl & BRI K o TIRIT S L8N To
Ry RU T O&EW - BN RAET 2 3RS kit L OER &
TThY, FEERBEZI Far RU T EITHOERZNHRLS G5 L9 52 ENR
BENTz, I Ay R 7 BRI W CORO IR & 78 5 SR BIMREE
FENDGEOHRE A ARHE T D Z &b | BRI AR A SR 2 I IR DR
F LR 2 NSO R ERICHFET 2 2 e n3B 26, ZORTFOMHE
FOeEAZEm LT, IVG IRREMIa AR EReodaE, € L TR AREZ X
LD 20 TR OMANHES NS,

in vivo FEIZXET 2 20%EE5 KOV T%EE DR BB R T OfEHIT 5 20%-1VG
YRRERIREIZ BN T A 7 ¢ o FNRBEREHRFE AT in vivo BE T 7%-IVG #E L

L7t 7 2 FEAEOAEREMARD bz, in vivo SIREIL & DFIC
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BREITIR LN T2H DD, T%IVG IR Tt 7 I REAREIL in
vivo BED 13 %, X b RU TIREMIT 0.7 5 E L L, A7 ¢ v TFER
B TREORBIEFIEBE L THDIZH 20 b6T, E7I NcksI b=
Y RUTEEMOIKR TR RE SN, 2087 I REREHENO—KE LT
IVG EEHUCIRINT 2 U VIRfFiiEPICE ENHFENE A bz, ZTHETIC
AEGEE R AR 23 2 UM REMERE - IR O EIR T & X b= R U 7S, Il
REFICE T 287 I RORMBRME TH 50 I F U BEOE OB E M R
BINTEY, 7OV F UBREIN IVM IZ X 2EHIF T8 7 X REAEOHE,
2 by R U THEBEIR T B X OREABEDIL F 23S &7z (Igosheva et al. 2010,
Valckx et al. 2014, Wu et al. 2015, Itami et al. 2018) , 7 S BE{F L5 1 3L AR AL A3
AHATHY, 7 I MORE L2 27 4 IIFEDN G EN 5 ATeEMEIT+
DFCBEZ BN, LLEXY | ALFAUHARDO & 2323 2 -V T EE /e A 7 4
VAREEARINT A Z LI Lo T, WUt T I REAELA LT IVG JIEH
fElEH T2 2 ERFREIE LB 2 bl

B TRELT 07 7 A VOB L, IVG IIRHIIIZEI T 2 RERRBnT
FHT 1T 7 A )V T Nobox X0 Stat3 1% & D85 x% v U —7 MR T
WD EMNRBR SN, ThDH DK S IR R MBI TIC BV THUILINE
A2 O BN F OB FRBUME - THRAER L IRIET D RMERFI1X588 LA
THZENHBIL, 235 DGR T IR E T O RHER 7 O#s
TRBLDOMERF~D A 5235 2 B iz (Hamazaki et al. 2021), in vivo BEEAR T3

BHom 77 A/vEfH Lz IVG INEEIIE TlX Nobox OFRBANKELZZ LG
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Nobox OYNFHMES THRILT 0 7 7 A VA~TFHIRB S, FiifEfEs 1
DRBORER, B Z XV EEa— RT5 Zp2 B L UYL b0 7
TNEZRT D Kit, IPRHHIIRR ARG IR subcortical maternal complex A f% ~
VORI BE D% a— K92 Padi6, Nlrp2 3 5O Nirp5 (257 5302 IR O
EH 7Rl LOMERICHHEADBIE TN L < G E Tz (Paillisson ef al.
2005, Monk et al. 2017), Z D Z &5 Nobox DFHL EF @ LT, XY in vivo
IREHMIEIZ T LWDBR T RBLT 0 7 7 A V2T 5 IVG IR O /EH AN 1
Sh, R L5 R y U — 7 OBRMEOBRICEN D 2 L AHIE

N7,
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FONE RHL
TRBLIUAEN

AFERIEIE, FEOMERHIZA IR M Td D, MDA TH 59013,
g NEH, =S AEHR, I a7 EoMdGRE. BXWY
mRNA + % /37 B2 EORERF 2RI (I8) (AT %A 245, 0
R IE 2 ORfCRIRFE T, JIF & L CHET 272D DREN 2R L T, 5P
RIS SRR DR RS (in vitro growth; IVG) 13 UFREAIA AR B TR 2 (R4
THEL L, BAERLZFIZRWVAE BN HEEEER 72 I F OIEH & vl EE
T2, RN SRR ORI Z G T I AZ I L, 12-14 A D
IVGIZ X » TH L INEEIIRIL, invivo THREZ5E T S8 72 I (Germinal
vesicle; GV)  HIUN BEAl i & [R5 12 5 3 7r < (Metaphase in the second
meiosis; MII) H1E THREAT HRENZ AT 2D, LU, IVG IRREMIIC k4%
ZREIN ORI A SRIT 21-24% & in vivo FISRSZREINDFEA R 59% & bk L T
WORBLURTH D, ZDZ b, BATO IVG HERIIREMR D% < 1%, A5l
THTORNEAT DERRING LITREDOARFERR D TH D Z LR S
NTW5D, ZNETOMIET, EEEREOFEFEIREN IVG PRI DR - ks
BTOFRERICHEL O D52 EPRRESNTER, IIRMENO ED L 5 %
ED3FAEREN RIZFHF G LTEONIARTH D, IVG IFREMIE D AN 58 4 4 BiLfig
T2 EE, in vivo IZBWTHERERIZRIFTF N ED X TR SN L D0 £D
WREOBMIC SRR D, £2, RN OINEII 2 A EIR & L CohRAIH]

M 57®l2id, £l IVG FMEORFDBLELZZ bND, £ I TYHHETIE,
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7 A TIRINED IVG 12T 5 BmEREE 2 i 5 &, IVG IR
DIERREZMAL - 2EOBEEZBERNE L, X hay R TEREDOMENT & >

> 7tV RNA-seq (scRNA-seq) (2 & 5 Bn - H BT 2 90 L 7=,

FERBLIUEBE
1 IVGEEBRBEOWRELI b2 FITEE
1-1. IVG 2RI 2B EBREEDORE
HA 10 Ao~ AFIR L0 Ml L2 “ kIt 27— v a—h A7
LYy BT, 2% ARV E=renrl R 5%7 UM iigss L O 0.1 TU/ml SP e
AR VE U oMEM H1C 12 B O IVG % 5 L, IVGIREHlAR & (EH L7,
WHIRFERME (20%) 21z 5, 78X 10%MEHESMTIVG 2 £ L7z, IVG
IREEML ORI B 2 35 KL OMRAMZREIC K 0 15 D722 9% KSOM+AA H
T 5 HE:E L. WBRIREIINE TORAERZ B LTz, 20%HE & iR L, 5%FHE
B LD 7%HETIE MILETE TORGRAREDME T L7 —5T (p<0.01), 5%#EH L O
7% CTILZ % OFRAERPBEEIC A L (p<0.01), IREHZIER (RS
ASR) TR FRIRE 20%FET 56% T D DIk L THERIREE T%HET 70% & b
m <, ARORBEICHB VT IVG OFMIBRFREIL 7% THDH 2 Enms iz,
1-2. IVG IFEMIRRICISIT 5 X b= R Y TEIRBOMET
FIEE LM T%EER L O &M 20%8E, = L C in vivo BEO I b R
TENRE A IR RHA AR 2352 T LTs GV BIIRREAF X OV sy A E T

ARE LT MIL PR CRfAT L7c, £33 b=y FUTREANEE 0 —7
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MitoTracker Z VY, AR GEI Z & OFXHEEMEZ & LI L2 RfE N2 — 2 &
fEMT LT, ZOfEE. GV BUEEMIRIZ I T in vivo BETITIMEZ LI S F
a2y RUTHRRBET DT, 20%-IVG BE CIIRERLE M ~D B H 70 kisE, 7o
5NT 7%-IVG FE THRIRIE 5~ DR E 2 =3 SRR 3 B 12 & v o T,
EFEZ2I bay R TRAEZR LZIRRERIAE in vivo BED 62% & i LT
20%-IVG #£ T 36%35 LY 7%-1VG BET 27% &K T L7z, MII IRk T
IO OEFF/EZEEE T, IVG NS T bay N 73R~
BEEE L7,
WIZIC-1 7= XD bay RY TIREM AT Lz, TORER, GV #i
YNREHIIEIZ BT oin vivo BE L B 20%-1VG BE (p<0.05) B LY 7%-IVG B

(p<0.05) IZBITDEEM O TR, F72 20%-IVG #ETIE 7%-IVG # &
B L CEOICHERIR TR bivie (p<0.05), F£7- MILHNZHBW T [AEE
DA &~ LT,

R har NUTOENREIEEZHLNCT 5720, qPCR IZEHI Fa R

7 DNA = B —¥ D E &M 2 i L7z, IVG RO R IR CIX 23.1 x
102 —D I har RY T DNA BEEN TV, ZOa B —#ix, in vivo B
TIXTGVHIETIZ3.0M%., S HICMIHIE TIZ 121580 L, AR IR 1
B2V 824 x 10 a B —=NEHEN TV, —FH T GV HITENT 20%-1VG BElE
49.0 x 10* = '— (p<0.05) 72 5 TN 7%-IVG BEIZ 44.1 x 10* 2 E'— (p<0.05) &
invivoBEE LR L, 2 F 2> FU 7 DNA 22 B — 3B K F L7, £/ MII

HNZBNTH 20%-IVG BT 33.4 x 10° 2 — (p<0.05) 725 NZ 7%-1VG FET
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221 x 10* =2 °— (p<0.05) & in vivo #E & LR U CHEIIR S . A5 TIRRHER
RS TRIBIZI b= KU 7 DNA 22 B —¥hEid e,

LLE XY 7%-1VG BE Tl 20%-1VG #f & bl U IR X = KU TR
NORTREEBSND Z EDBHALNE o7, ZO—FT, IVG IR Tl
in vivo HRIFREMIME & bl LT, 2 ha vy RU TEEMOEK T, I h= R
7 DNA aB—8DIKTELOI bav FU T RFEORE N HLE L THZEIN
7o

1-3. IVG SRRMRRIZIIT S I b2 R Y THBEDMRYT

IVG UREERIE, P2 20%-IVG BEICBW TR, 2 by R U TEEMOK TIC
o 72 ATP BIX F°ROS EHINN B 2 b, &2 CTETEEA b L A&
W7 1 —7 CellROX 7' 12 — 7 % I\ T ROS DX & BfifhT 2 Fhi L7, D
fid, PRI LT 7% IVGERIZ BT 26 E 72 ROS OENA L 54U (p<0.05) .
ZD—TJ7 T, 20%-IVG BEIZ in vivo BE & [FIEEE D ROS % /R L7z, 23 MILH
IIFICBWT H[RIERTE - 72,

IV T =T —B & Wiz ATP & &R 2 9 L7, IVG RO R IR
AR CIEFEE LT 0.39 pmol D ATP 235 £ 417205, invivo THEZ5E T L7- GV
HAIRREMIAE TIX 0.46 pmol O ATP & TNz, L L, BREWE T 1% O MILY
PIFIZFB T ATP 213 0.30 pmol £ TR T L7z, —J7. IVGIFREHIIE TIZTARIC
K L. GV #1F R B UV T 20%-IVG BE T 0.57 pmol (p<0.05) 72 5 ONZ
7%-IVG BET 0.65 pmol (p<0.05) & in vivo BEL VW LEAE 72 ATP BEORIMA /5

izo L L7225 MITEAPRFTIX IVG BED ATP =13 in vivo B & [FIFRFE £ CTIK
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TL, AERELROLNRL IeoT,

UEOERI D IVGEHIZB TS bay R TIREMOE LW FIEL ROS &ED
HMSe ATP DK T2 D722 &R ahotz, Ziud IVG SRR B SR D
FAERIK T2, ROSRATP ICREIND I hay R TR O IRIREET
72 <, BERINTFI Far RUTHEMEI bar FU 7 & U TRIHRITHEA
S, IWREAHMICBWT ha v Y THEEIR FABEELT 2 & ) BT
REBICE Db D EEZ DN, —T7, GV HID IVG IR in vivo HI3RD
YRRRMAE & Bl L CRED ATP 286 T 216D 67 ik, MIL Tl
ZORMENES Ip oo, TAVE CTITINREMAR O sEGEFE T, INREMARN T
ATP FEEB I OVHENEE 2 Z LAMESNTEY . IVG UIREM TIZI F =
v R U THERBIR TIC & o TIRRML R 31T D ATP A FENNTHE T IB W 28 e
Mmol-bDEFEZ LI,

2. BEI b FYTHERARICEX AR

IVG SRR O BE 2RI ha o RUTRMERRMEI b2 R 7 & L TR~
Mk i, MBAERIK T E2FET 22 EnB 6, £ 2T IVG IFRHRRIC
Hk3 % 2 iAo X h =2y R U TEVRBEMENT L7, in vivo HI3K MIT HIJFF
DIERNZHEIZ L0153 BT in vivo I3 XY 7%-IVG IZHI3K T2 in vitro RO 2 ff
FNCR T 5 I bay R TEEMOMEN TR TN F = B U 7 Fx & &7 T
ZFEM LTz, ZORE. GV HIIFREHIL> MIL IR FERIZ in vivo IR & HERE L
T, invitro IRTI hay R U TIRENM (p<0.05) BLIOI b= FI T &

(p<0.05) DHERETLEO O, T IVG IFREIIZ IS 1T 2 RF 72 2
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Fay RUTRMIENRSZRZ T L CTIHESNT ., PIFIIR~SR Sz 2 & 2R
L7, ®iZ, 2 hay RUTEENHO 2 MmO AERZ B L, BES
Fay RUTENRWRBEAEICE R DB LMNT Lz, TOME, IWERKRE T
BELIEMIII Far NI 722 EFTHMICHY . £72 2 MluHIIETH
IR AR Lo RIS R IR & CEZE LI T ha v U T EA &
MHBNZD N ERGoTz (p<0.01), S 5HIT, RS L OSEZIRE F
TENELIMEI b FUTROLENDS 2 FHZoBI L, MOBAEIER % i@
LT by RY TEPMEEEAEREICE X 5 EBEMIT Lz, TORE, [
HAERICEITA NPT bDD, I har NI T2 EHT HEICEN
THERFIFAEIZH ELZ (p<0.05), UL EOFEENG, JIREIAIZIBIT 5 I B
a2 RUTOEFEZ, BMOI har R TIEFHEICEEL B 2 MR
Fay RUTEOIFEAERSDEL S DT ENRII, in vitro MOIRFEERED
—KBEEI Far FUTERETHL Z BRI,

3. IPRMRRDRERICFE L I A0 TREDFE

3-1. KEMEBEFRBE S 07 7 A VO

FREOIIRS AT 2 5 TR BT 2 7 7 A VAN LTZ, QlAseq & >
TS5, 7. 10 BERO 20%FEHERE TR L2 GV Hlo IVG IREHMilE, £ LT in
vivo HSRIFREAIALD scRNA-seq & %M L, BIZTRHBL T 07 7 A LV ERE LT,
ERR T OFER, FEMBIANIALEIC T 7y b S SHERZFRE LT,
FRREAB A R R AR I 35 1 2 M BLBAR 7- O PCL (94.1%) ~DFRUVVE 573

AL, £2Iinb o+ ORmERNICEIT 5 EBisF I B MRS —FKTh
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moloZ e GIEMIZET 2IPRMAIT, B 2R IF AR R 2> & AL 7O
FHEM TH L Z L AE X bR, 2o OMEMERER, BHE, TRy
IR EAT ST AER. 20%., 10%., 7%3 L V5% & BE &SRR L O FIZ - Cin
vivo FEIZIE SN TN K9l ey hanl, S%HEITFERICBN TR S in
vivo FEICIT LWBIR FRILT 0 7 7 A NV Z R LD B D 5T, £< D 5%HE
IREHAINE (n=8/24) MHHAEFICE L TR Y | AR —F T, lAEET
TEITFDEWIERE IR T S%REDIRT- DRI &L A LT,
32 20%BMBERMETH LN IVG IIEHIIIC RO R RERTE BT O
20%MER S TR DIV IVG SRREIAG & R U, 7% R TR b
IVG JPRERERE S L0 mWRAERREZ A L TWeZ &b, OB AERUEICH
5920y T AWM OfRIA 2 BIOIZ, @E S0E 20% R & OV e sE 40
TY%REDZ LIV E invivo HRINEERIIGEEIZ 31T 2 BB E =T 2 Mt L7z,
DESeq2 % FV 7= ward MEIC L 0 il L7 B ORBELEE RO 9 H 20%
FERF BRI R R B AR LTz 2,555 Bin 2t L7e (padj<0.05), Zih b i
BT1E 20%HE CREUR T 2R L, 7T%HE CIIRBLGET 5 Z &0 DR AERUEIC
BI5-T 20 T A PR ORISR SN, =0 U v F A MEFTOREE.
[Cell cycle] <° Tregulation of translation] 7 & IR E B IZ BT 5 4EY
A R MR T D GO term. KEGG pathway 7326 < JEHg S 7= it
[ Apoptotic process] 33 & 7" [Sphingolipid signal pathway| & P8 TiEHE S /-
(g <0.05), A7 4 v INFEMNHREIL. MK THHAT T3

vEMREL, FEEEAT 4 =2 —L LTTHiEZFHET 28T I FRb W
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ISR AR T AT vy — ) UERET AR E LTmbNnD, F
Too A7 4 ANFENRBNIA T 4 TNREEZHHET D denovo g & & 7
ReRT7gravyr—Y U BaBEAR L, ML G 5 salvage #R¥& D —
DOREEN B2 BT I RGP TTESINTSGE. TR F—V ARFHE S,

A RUTHRENAEL D, BiESNTERAT ¢ TIRENEER T DR BUH

/

FICHEH L& 25, denovo f%I. salvage FRIE AT T T 2 RAR D B L
INRME S LTz, LC-MS f#HTIZ X 0 BRREHIIN O Z I 8 (d18:1/16:0) % & &
L7z, invivo BEICXE L, 20%BEC 1L9FOBE R T I REOEMNS /RS
7= (p<0.05) TD—F T, T%HETIZ 13 FRELAFERBIIZALNT, X
7 4 v IRERBEE T ORALE Y — A L, £ 0k®TIRE
AEROZIE, GV HIIIRAIICIIT 5 I Fa v B TIRERM D2k & Ry

FIRZ /R L. 20%HEICB T 58T I FEHEOH M-I ha RUTH
GRm s sz, —F5H, S haryFIT7F 7 2080 - in5E2RET S
Tfam < ha > R T OE B LS ZIE < Ml 3L Dpl 728, I h=
Y RY THIEBEFICER TS . 3 RISV TRAZBIIR e n s Ae

REUGECI F o RUTHEREA AL © 270 TS IXFE TE o 7,

3-3 EERINBHEOBLCFRERE T n 7 7 A NV 28 v A X —BETFOHE
WIZ, in vivo HISRIIRERING & Bl LT 20%8 D W T 7% DERFEEE I L 57
IVG HIRIPEE LTIl U CRBILE 5 1,831 BB TFICER L, 26D

Y 714 BIE 1T IVG IRREMIA CHam U C38 8 B L, 489 Bn BT
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R Lz, =2 Uy F Ay MR ORER, FBBUR T EISFF1T Tregulation of
transcription, DNA-templated] DIRMEN RGNz, ZDZ L6 IVGHICEIT S
B FRBLT 07 7 A VOARFERML, W5HEREFICERT S LB 2, %
BURT 2R L7 S BB R 1 56 s 7 2 UNRERIIG A2 b . IS8 2 PR
L9 5 IEHE Z2INRIEE T RE T 7 7 7 A VL v A Y —BE T OFf & L
THIH L7, — 07, 20%8E, 7%RER K Win vivo BEOE R T 3RBL T 0 7 7 A LD
BERERD 2 Z A2 ) TR OFER . KE > OIIREIIZZ N Z N ORI HE - T2
77 ABIZ/m LT, L L—E8D T%EEIFREMINEIE in vivo BE7 T A ZI1Z@ LT
Wz, T%REIZHIT 2 2 b DM % in vivo-like (IVL) #EE L. BH O 7%
(canonical) BEEXBIL7-, ZND & in vivo FEOBRFRILT 0 7 7 4 V& F
BUABYER TREAT I L7, ZOfRE%. IVL B — canonical FE[H] CHEICHEL
ML, 23D, IVL B —in vivo BER] CEBE 2 /R 72 72 1,623 B 7125 H
L7z (padj<0.05), Z Z°C. IVGIPRHMINE Tl L CTRIUR T 2 7R L7 in 5 B
BT, 77205, ERRIMROBLEFRER TR 7 7 A LV EE v A X —
B O E LTI L7z 56 BI85, 20 1,623 B FIZEH END200EMN
AT, T ORFR, IVL BETIL 56 A7 1 10 BART-23 in vivo FEDIEEL L
ICETEIE L, 20 10 BinFi2id, IPREMIRR BIREATIC 72 Nobox 138
EFNnTo, EHIT, BINREHIRRMIZ T 2 BAR T FBLENRE DS Nobox [IZHHBI (r=0.7,
logz (CPM+1) >6) %7 L7= 87 #&fn 1% Nobox FliifEkiiEls & LTIt L7
&2 A, NOBOX I K DA GHIHAME SN TWD GdfY EEilz, S HIT,

IR DR R, ZGB LR Y = 2T v ZEMOMENIZZN TR
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72 Kit, Zp2 3 L O NlIrp5 72 £ % Nobox TUtERIBEIA & LT & du, JPREHER
R EAZH 1T D Nobox D LV EREIEIHE 23R8 X Tz,
BEEE - KBS

AHFFRICEBNT, T A ZRIIEO IVG 121 T%BESLENEETHY . €
KD 20%EFR AN L0 b IR~ DI ERDKIRICSET H 2 BB MNIT
7o7= (Ota et al. 2021), Z 0 20%BEFHEFMITIIT 2 IVG HURIEDFE AR T
F, 2 har R THEEMOBEERETA—KLTWDL EEX BN, £z,
ZOI bary R TEEMOKT 2404 5 BAROIKTIZ. GV BN F
F D A7 ¢ v ANEERB B EEAR O RERBISER T 28R et 7 I Fo&
N —KT % L&z b (Takashima e al. 2021), IPEHHRL O RSk 2k 2
7 I RO T I REROFIBIIE L 725 VI FUBERINT 5 LG 6l
IR DOFAERMET T2 Z ERME SN Tnd, £, in vivo TIXIIRIRERIC
HEWIMEN OB D EER TS5 Z & FX b LA T TR ORAEREIME T
T oM, INRNOBESEDIR IR T 2 Z EAMREINTND, TDD,
IRREMARRR BRFE ClX, R hav KU T A T 7 U T ¢ MR 5 720 OFtE
FLTHBREZREDICHBEL CWAREENRE Z b, — ., BEA
T%IEFHE G TR S 472 IVG HERIRIZEB W TS, EOFAREIT in vivo HIRIR
LV BEE IR o7, IVG IFREMI 0BG L2 /RS b2 B U TIIHIIIRIC
A SH, 2 ML OB ARB L OERE CORERLZEK TSN
Sy oty —J5. in vivo FRIMRERIIEO B FREL T 1 7 7 A L ERIEED 7 1

T ANGEERT LD~ A Z —nT L L THEBOEREREEK 728 L,
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FTH Nobox 75, INEHIE DR I~DAT D 70 b FRAGEEGITHEIET D
BARF OFBLZHE L TV D TR HT 2 IR S iviz, ARFFERAR S, K54
BB AEFEIZ BT 2 m Rk, 7o b ONTIFREHIRL A R MR I 36 1T D IR AR e é
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Summary

Germ cells are essential for maintaining a species. The female germ cell, the
oocyte, plays a role in passing genomic and epigenomic information, organelles such as
mitochondria, and maternal factors such as mRNA and proteins to the next generation.
During growth, the oocyte acquires functional capabilities. In vitro growth (IVG) of
growing oocytes/secondary follicles recapitulates the process of oocyte growth in vitro
and enables the production of functional oocytes from growing oocytes without
developmental potential. Secondary follicles containing growing oocytes are isolated
from the ovary and oocytes obtained after 12—14 days of IVG exhibit the same ability to
mature to the metaphase in the second meiosis (MII) stage as oocytes in the germinal
vesicle (GV) stage, which have completed growth in vivo. However, the developmental
rate of fertilized oocytes derived from IVG oocytes to pups is currently 21%—-24%, which
is lower than the 59% contribution rate of in vivo-derived fertilized oocytes. This suggests
that many of the current IVG-derived oocytes are incomplete and dissimilar to in vivo
oocytes with the ability to contribute to reproduction. Previous studies have shown that
oxygen concentration in culture can affect the maturation and post-fertilization
developmental potential of IVG oocytes, but it is unclear what changes in the oocytes
contribute to their enhanced developmental potential. Understanding the incompleteness
of IVG oocytes will lead to a better understanding of how functional oocytes are formed
in vivo. In addition, it is necessary to examine the optimal IVG conditions for the efficient

use of oocytes in the ovary as a reproductive resource.
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In this study, we investigated the optimal oxygen concentration in IVG of mouse
secondary follicles and analyzed mitochondrial dynamics and gene expression using
single-cell RNA-seq (scRNA-seq) to understand the mechanisms that may explain the

developmental potential of IVG oocytes.

I. Optimization of oxygen concentration in mouse IVG and investigation of

mitochondrial disfunction

I-i. Optimization of oxygen concentration in mouse IVG

Secondary follicles isolated from 10-day-old mouse ovaries were subjected to 12
d of IVG on a collagen-coated membrane in oMEM supplemented with 2%
polyvinylpyrrolidone, 5% fetal bovine serum, and 0.1 IU/ml follicle-stimulating hormone
to generate IVG oocytes. IVG was performed under conventional oxygen conditions
(20%) and 5%, 7%, and 10% oxygen conditions. Fertilized oocytes derived from IVG
oocytes obtained by in vifro maturation and in vitro fertilization were cultured in
KSOM+AA for 5 d, and the developmental potential to blastocyst stage embryos was
compared. The oocytes under 5% and 7% oxygen conditions showed decreased
maturation potential to the MII stage compared to the 20% oxygen condition (p < 0.01),
whereas they showed significantly increased developmental potential after fertilization (p
< 0.01). The post-fertilization developmental potential was significantly increased (p <
0.01) in the 5% and 7% oxygen groups. The embryo production efficiency (maturation

rate X development rate) was the highest in the 7% oxygen condition at 70% compared
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to 56% in the 20% oxygen condition, indicating that the optimal oxygen concentration

for IVG in this study condition was 7%.

I-ii. Investigation of mitochondrial disfunction of IVG oocyte

Mitochondrial dynamics in the 7% optimal oxygen condition, 20% normal
condition, and in vivo oocytes were analyzed at the GV and MII stages. The
mitochondria-specific fluorescent probe MitoTracker was used to analyze the localization
patterns based on the relative intensity of each subcellular region. These results indicated
that although the mitochondria were localized around the nucleus in the in vivo oocytes,
there were significantly more oocytes that showed extreme aggregation around the
nucleus in the 20% IVG group and delocalized to the periphery of the cell membrane in
the 7% IVG group at the GV stage. The number of oocytes with normal mitochondrial
localization decreased to 36% in the 20% IVG group and 27% in the 7% IVG group,
compared to 62% in the in vivo group. These abnormal localizations did not recover in
the MII stage, and mitochondria aggregated abnormally in the perinuclear region in both
IVG groups. Next, we analyzed mitochondrial membrane potential using the JC-1 probe.
The results showed that the membrane potential of oocytes in the GV stage was decreased
in the 20% IVG group (p < 0.05) and 7% IVG group (p < 0.05) compared to that in the in
vivo group, and the 20% IVG group showed a more significant decrease than the 7% IVG
group (p <0.05). The same trend was observed at the MII stage. To clarify the quantitative

dynamics of mitochondria in oocytes, we performed quantitative analysis of
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mitochondrial DNA copy number by qPCR. Pre-IVG growing oocytes contained 23.1 x
10* copies of mitochondrial DNA. In the in vivo group, this copy number increased 3.0-
fold by the GV stage, and further increased 1.2-fold by the MII stage, finally containing
82.4 x 10* copies per mature oocyte. In contrast, the mitochondrial DNA copy number
was significantly lower in the 20% IVG group (49.0 x 10* copies, p < 0.05) and the 7%
IVG group (44.1 x 10* copies, p < 0.05) than in the in vivo group at the GV stage. A
further severe reduction was observed at the MII stage. The mitochondrial DNA copy
number was significantly lower in the 20% IVG group (33.4 x 10* copies, p < 0.05) and
in the 7% IVG group (22.1 x 10* copies, p < 0.05) than in the in vivo group at the GV
stage. These results showed that compared to the 20% IVG group, the 7% IVG group
showed an improvement in the mitochondrial membrane potential of oocytes. In contrast,
a decrease in mitochondrial membrane potential, a decrease in mitochondrial DNA copy
number, and abnormal mitochondrial localization were commonly observed in IVG

oocytes compared to in vivo-derived oocytes.

I-iii. Analysis of mitochondrial function in IVG oocytes

The IVG oocytes, especially the 20% IVG group, were speculated to exhibit a
decrease in ATP content and an increase in ROS content because of the decrease in
mitochondrial membrane potential. Therefore, we first performed a relative quantitative
analysis of ROS using the oxidative stress-sensitive fluorescent probe, CellROX probe.

The results showed that, contrary to expectations, there was a significant increase in ROS
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in the 7% IVG group (p < 0.05), whereas the 20% IVG group showed the same amount
of ROS as the in vivo group at the GV stage. This was also the case in MII stage oocytes.
Next, ATP quantification was performed using luciferase. Before IVG, the growing
oocytes contained 0.39 pmol ATP on average, whereas GV-stage oocytes that completed
growth in vivo contained 0.46 pmol ATP. However, the amount of ATP decreased to 0.30
pmol in MII stage oocytes after maturation. In contrast, in IVG oocytes, contrary to our
expectation, the amount of ATP in GV oocytes was significantly higher than that in the in
vivo group: 0.57 pmol (p < 0.05) in the 20% IVG group and 0.65 pmol (p < 0.05) in the
7% IVG group. However, in the MII stage, the amount of ATP in the IVG oocytes
decreased to the same level as that in the in vivo group, and no significant difference was
observed. These results indicate that the large decrease in mitochondrial membrane
potential in the IVG group was not accompanied by an increase in ROS or a decrease in
ATP levels. This suggests that the reduced developmental potential of IVG oocyte-derived
embryos is not a secondary effect of mitochondrial abnormalities represented by ROS and
ATP, but a direct effect of the inheritance of abnormal mitochondria in oocytes as maternal
mitochondria to the next generation and the manifestation of mitochondrial dysfunction
during embryogenesis. However, although a large amount of ATP was present in IVG
oocytes in the GV stage compared to that in in vivo-derived oocytes, this quantitative
difference disappeared after maturation in the MII stage. ATP production and

consumption have been reported to occur in oocytes during oocyte maturation, and it is
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thought that ATP production in IVG oocytes cannot compensate for consumption during

oocyte maturation owing to impaired mitochondrial function.

I-iv. Effect of maternal mitochondria on developmental potential

We hypothesized that the abnormal mitochondrial characteristics of IVG oocytes
are inherited by the embryo as maternal mitochondria and induce a reduction in
embryonic developmental potential. Therefore, we analyzed the mitochondrial dynamics
of IVG-derived embryos at the 2-cell stage. Mitochondrial membrane potential and
relative mitochondrial quantification were evaluated in in vivo oocyte-derived and IVG
oocyte-derived embryos at the 2-cell stage obtained by in vitro fertilization. The results
showed that there was a significant decrease in mitochondrial membrane potential (p <
0.05) and mitochondrial amount (p < 0.05) in in vitro embryos compared to in vivo
embryos, as well as in GV- and MllI-stage oocytes. This suggested that the abnormal
mitochondrial characteristics in IVG oocytes were not eliminated through fertilization
and were inherited by the embryo. Next, after mitochondrial content analysis,
IVG-derived embryos at the 2-cell stage were analyzed for developmental potential to
investigate the effect of maternal mitochondrial content on embryonic development. The
results showed that embryos that reached the blastocyst stage tended to contain more
mitochondria, and embryos that showed developmental arrest at the 2-cell stage had
significantly lower mitochondrial content than embryos that reached the blastocyst stage

(p <0.01). Furthermore, embryos that had reached the blastocyst and morula stages were
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divided into two groups based on their mitochondrial content at the 2-cell stage, and the
effects of mitochondrial content on developmental potential were analyzed through
embryo transfer experiments. The implantation rate was significantly improved in the
mitochondria-rich group (p < 0.05), although there was no difference in developmental
potential to term.

These results indicate that mitochondrial normality in oocytes influences
mitochondrial normality in embryos and that maternal mitochondrial content can
influence developmental potential, suggesting that maternal mitochondrial abnormalities

are attribute to the low developmental potential of [VG-derived embryos.

I1. Identification of molecular pathways that may contribute to the developmental

potential of oocvtes

I1-i. Analysis of gene expression profiles of IVG oocytes

IVG oocytes cultured at 5%, 7%, 10%, and 20% oxygen conditions, and in
vivo-derived oocytes at the GV stage were subjected to single-cell RNA-seq using
QIAseq, and gene expression profiles were obtained. Principal component analysis was
performed to identify subpopulations that plotted outside the main population. The strong
contribution to PC1 (94.1%) of some of the highly expressed genes during oocyte growth
and the non-uniformity of gene expression patterns within the subpopulation suggested
that the oocytes belonging to the sub-population were the oocytes that dropped out from

normal oocyte growth. After removal of the sub-population, principal component analysis
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was performed again, and the plotted results showed that the expression profiles of the
20%, 10%, 7%, and 5% oxygen condition groups moved closer to that of the in vivo group
as the oxygen concentration in the culture decreased. Although the 5% IVG oocytes
showed the most similar gene expression profile to that of the in vivo oocytes in the main
population, many of the 5% IVG oocytes (n = 8/24) belonged to the sub-population,
consistent with the characteristics of the 5% IVG oocytes of a low maturation rate but a

high developmental rate.

I1-ii. Analysis of abnormally expressed genes specific to 20% IVG oocytes

To elucidate the molecular mechanisms that contribute to the improvement in
development potential in the 7% IVG oocytes, we analyzed the differentially expressed
genes between the 20% IVG oocytes and the 7% IVG group under optimal oxygen
conditions and in vivo-derived oocytes. The 2,555 genes that specifically showed
abnormal expression levels in the 20% IVG group were extracted using the ward test in
DESeq?2 (padj < 0.05). The expression of these genes was abnormal in the 20% IVG group
and improved in the 7% IVG group, suggesting the enrichment of molecular biological
pathways involved in the improvement of developmental potential. Enrichment analysis
showed that GO terms and KEGG pathways, which correspond to biological events in the
oocyte growth process, such as “Cell cycle” and “Regulation of translation,” were
enriched, although unfamiliar terms, including “Apoptotic process” and “Sphingolipid

signal pathway” (q < 0.05), were also enriched. The sphingolipid metabolic pathway is
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known to metabolize sphingomyelin, a component of cell membranes, as well as ceramide,
a lipid mediator that induces cell death, and sphingosine 1-phosphate, which promotes
cell survival. In addition, sphingolipid metabolism consists of two pathways, the de novo
pathway, which synthesizes new sphingolipids, and the salvage pathway, which
interconverts ceramide and sphingosine 1-phosphate and regulates cell death. When
ceramide synthesis is enhanced, apoptosis is induced, leading to mitochondrial damage.
Focusing on the expression trends of enriched sphingolipid metabolism genes,
abnormally enhanced ceramide synthesis was suggested in both the de novo and salvage
pathways. Quantification of ceramide (d18:1/16:0) in oocytes at the GV stage by LC-MS
showed a significant increase of 1.9-fold in the 20% IVG group compared to the in vivo
group (p <0.05), whereas the change of 1.3-fold in the 7% IVG group was not significant,
consistent with the expression pattern of sphingolipid metabolism genes. The change in
ceramide content showed a strong negative correlation with the change in mitochondrial
membrane potential in the GV stage, strongly suggesting mitochondrial damage
associated with increased ceramide accumulation in the 20% IVG group. However, when
we focused on mitochondrial regulatory genes, such as T7fam, which promotes
mitochondrial genome replication and transcription, and Mfnl and Drpl, which are
involved in mitochondrial fusion and fission, their genes showed variation in expression
levels in the 20% IVG, 7% IVG, and in vivo-grown oocytes, but we could not identify
any molecular pathway that could explain the improvement in developmental potential in

the 7% IVG group.
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III. Estimation of master genes leading to completeness of oocyte gene expression

profiles

Next, we focused on the 1,831 genes that were commonly differentially
expressed in IVG-derived oocytes regardless of 20% or 7% oxygen concentration
compared to in vivo-derived oocytes. Of these, 714 genes were commonly upregulated in
IVG-derived oocytes, and 489 genes were downregulated. Enrichment analysis revealed
an enrichment of “Regulation of transcription, DNA-templated” in the downregulated
genes. Therefore, we considered that the incomplete gene expression profile in IVG
oocytes was caused by transcription-related genes, and the 56 transcription-related genes
that showed reduced expression were selected as candidates for master genes leading to
completeness of oocyte gene expression profiles. In contrast, hierarchical clustering
analysis of the gene expression profiles of the 20% IVG, 7% IVG, and in vivo groups
showed that most of the oocytes belonged to the clusters according to their respective
groups. However, some of the 7% IVG oocytes belonged to the in vivo group cluster.
These sub-populations in the 7% IVG group were designated as the in vivo-like (IVL)
group and were distinguished from the normal 7% (canonical) group. The gene expression
profiles of these and in vivo groups were analyzed for differentially expressed genes.
Then, we focused on the 1,623 genes whose expression differed between the IVL and
canonical groups and did not show significant differences between the IVL and in vivo

groups (padj < 0.05). Here, we examined whether the 1,623 genes included
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transcription-related genes that commonly showed decreased expression in IVG oocytes,
the 56 genes extracted as candidates for master genes that lead to completeness of oocyte
gene expression profiles. Our results indicated that 10 out of 56 genes in the IVL group
were restored to the expression level of the in vivo group, and these 10 genes, included
Nobox, which is essential for the oocyte growth phase transition. In addition, 87 genes
whose gene expression patterns across oocytes of each group correlated with Nobox (r >
0.7, log2 (CPM+1) > 6) were selected as Nobox downstream candidate genes, including
Gdf9, which has been reported to be transcriptionally regulated by NOBOX. Furthermore,
Kit, Zp2, and Nlrp5, which are essential for oocyte growth, fertilization, and the
establishment of epigenetic modifications, respectively, were also extracted as Nobox
downstream candidate genes, suggesting a new functional aspect of Nobox in oocyte

growth.

Discussion and conclusion

In the present study, we found that 7% oxygen conditions were optimal for
mouse IVG, and the developmental rate to the blastocyst stage was significantly improved
compared to the conventional 20% oxygen conditions. This decrease in the
developmental potential of IVG-derived embryos in the 20% oxygen condition was
thought to be due in part to a marked decrease in mitochondrial membrane potential. The
reduced developmental potential accompanied by a decrease in mitochondrial membrane

potential was thought to be due in part to excessive ceramide accumulation resulting from
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abnormal expression of genes related to sphingolipid metabolism in GV-stage oocytes. It
has been reported that the addition of ceramide or palmitic acid, a precursor of ceramide
synthesis, to the in vitro maturation medium of oocytes decreases the developmental
potential of the resulting oocytes. In addition, it has been reported that the partial pressure
of oxygen in follicles decreases with follicle growth in vivo, and that heat stress reduces
the developmental capacity of oocytes and slows down the decrease in the partial pressure
of oxygen in follicles. Therefore, it is possible that oxygen concentration is actively
regulated as a mechanism to maintain mitochondrial integrity during oocyte growth. The
developmental potential of IVG-derived embryos generated under optimal 7% oxygen
conditions was significantly lower than that of in vivo-derived embryos. Damaged
maternal mitochondria in IVG oocytes are inherited by early embryos and reduce their
developmental potential after the 2-cell stage and until implantation. Moreover, we
extracted several transcription-related factors as master genes to obtain a gene expression
profile similar to that of in vivo-derived oocytes; present among these was Nobox that is
suggested to regulate the expression of genes that function not only in the transition of
oocytes to the growth phase but also in the acquisition of developmental potential. We
hope that the results of this research will lead to improved efficiency in in vitro gamete
production and to a better understanding of the mechanism of embryonic development

during oocyte growth.
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