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U Y BUA ES ARSI T 7 M EUA IR OO AT
ok 5§ OBEL N R W OB L M — RLOM % e

2 B

FEUAIRER: (Embryonic stem : ES) #ifdid, Rtz L0 ¥EzE L T\b, <
DI, BILTEAPHIENE S TH O, BT ERBIA L OBIRZEHRNICHIS Z ENTE 5,

Z ORI T, U YRR ES Ml OB 2 R HINE LT, £9° 7 U FHErEE IR D
FRl e Z OGBS 2 1T Tee Y22 Lb—3 g VBIFICK > T 2 #i#% (Pronuclear : PN) TH %52
RGO S HEMERTRZOBRZITO. 1 DOHikZH T 5 (1PN IR 2157z, COMOREEEZ T 1Tt
WA A= 2 T2 VT 3 RoTIC#Bi% L, IIEIRFIC 1T % 1PN IROGE A K U #- A DEED 2
ToTEGIERZ1S 72, TnzTtic, 2O M BB EADORR Z [t d % & 1PN RIS B 5 RO &R
M 2PN R & L U THEICHHAD L TWB T MR T E e, RIS, 1PN ROINEEEZ i L7z & T A,
8 MINLHILARE CHRAEMEIL T Z T ENHL N E o Tz, T HIC, 2 MK U 4 MaHIC 29 2 e 7z 5
AL, R UZAER,. 1PN RO 4 Ml 29 2 RFRAERICHEML T 5 T ARSI Nz, Xz, 4
FHH % COUNENC 351 % Rtk il 25 (Abnormal chromosome segregation : ACS) DBIERZ1T 5 T2/,
1PN B U 2PN RICEBWNT, 23D 57z, LLEOREN S, FEE Nz 1PN ROEHINIHIC B % 78
ARIEDERID 8 MINUHALIEOFAITEL TV 2E LEABNS, e, VYFHRICBNTEIY T AL
[k, 4 MR X TORCIKDIIDZEENRIZNT VS T AR E NI,

F—U— R DEBURIE, CEBUKES M, DU SATRIVA AUV T | Rtk iR

1. ¥

=111

2011 4RIT, <7 ADMEVEA R 6 A R A B 800k ES MO oS e & hie V) BkzE
T LT, TOMNEUAES MlRIRER O 2 51K ES Ml & FEHC, B OEMEER UL ZRENER F X S IBERE
EEOTEIRENE U, PEUKES MR, Rkl RN E VS EMEELTWVS, 0
28, BIETHARBEL AR TH Y. ROKOBIETFUNZOEELBICHNS LD, WEIEY
HIZEADISHDRENTEHED @, ThETIKIYRLMATTY b @ DA=I )L @ nLIcHBNT
L2 ORI ENTWVS, i, MM T TR, < RBEMEEEUAR A FE D B 5k ES
FIDBNT ARG SN, T OUEMEER BS #IlIE. HEVEHRDY ) LA > TV VT 4 2 T DAF UL % —
VERT T AR ENT O HEMEEEUA ES MIFIORS FREMIN & U C ORI FIFE L. HEMEEEK ES
Az BRI N BRI AT 5 T & T MREMER, IEH AT OREMREE N @, cock
I 5 HEVEE R BS I 58S T O iTREZ B RUA LRI & L COREEH LTWA T ehRpEniz®,
< AESHIMIE B D, FASHBRAENE L KL, vHF @ ph=r 490 D 0 ESHIfaIc D&
5 EISHT 5T 8T FASMEKENT ST &ix BB TS EADIERMNIRIC RS L EZ BN

Efa2f 201742 H28H

1. ESREAYHETES BEFIFR T 649-6493 FEKILEALD)IFHE=2 930

2. EBRIEACIEREETIZERT T 642-0017 AERIUEMEETERIR 14-1

3. HERRTERIRSH PR Z— T 536-8523 ABRNFARMIRHERZRSE 2-2-30
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DY RIIRE T TONFICE S FIM SN TR D | SIRHITIORREGE ., BB LA & Vv -
b E N © O, Fie, vy 2RI ERBREAS L MTHEBLTWBR T D, EHROHK -
ZEMRR, b MENREETIL 19 L LTRKAHENTOAEBREM TH S, THIC, Y7 ALIIHA
EO. UYFES ML, b oYL E D ES Ml & a0 = —DIEHER AR MM S O - AL
TW57H W b FADOIHEIC BV TEERAIRZE LTV S IREED E L, & L7 IR B0 TR
K ES MO A S AUE, & O AIRIIEG 7 E « BAC X BEEE TV ES Ml B E Ao
BINATREIC 72 % L £ 2 BNB, T T TABIZ TR, 7Y L5k BS MR O/ % Rk a i & LT,
9. U FMEMEEUAIRO R L Z ORI BISR 21T Tz,

2. MRETRE

(1) {EEAE

FECHA L= 2 —Y—F Y RRT A+ (NZW) FOYTFiE, HAZ ATV —HR Stk ol
TIRAUKSHED SHEA Uz, Afitg. SEHREREZ1TWIEL Lzt (BHHH 8:00-20:00), 8 ~ 12 7 Aiid
Az FERICHE U T, SIBESME. il 2222°C, 121 50% OFBER FcB LT, fR (RC4: AV
IYZOVEERFTEE (BD) %K1 120 g/ HE%2 X5 ISilZTTo 72, £72 1 H 2 RIORKR R L &
DIKEIT S 120 725, AFBRCHEE L CEIWFBR O RE K OCHBEIY Of#E L EHIC OV Tk, THA
P FERFIEICHE U CHEME L 72,

(2) Y FZHEINDEREL

Za—V—=F Y FRTA L (NZW) FHO pEAME ™ U 310G s PR RRECR V€ > (PMSG. /73
T A AT ZXIVANVA, E—A w7 X 1000) 7 50 U, KEREBICHIRTES Ulze PMSG $:5-4% 72 Kifil1&
I & MEEIEMERRRIER L E Y (hCG, /73T 4 AT ZOVANVA, TA\a—75 1500) % 100 IU, H
DEfRD 5425 LTz, hCGC 58, NZW HOKAME & [ — NI AN, ZZhidZTT > 72, hCCRGMM 5
14 FERIRIC, YV L/ Xy F )b (TR AR ) 28 3 mL HOFIRICTES I % T & TRIIEZTTU.
e B FXOIE INE KT T8 Z M LU 20% (v/v) fetal bovine serum (FBS. Hyclone,
SV30014.03) #hi Medium 199 Earle’s Salts (Gibco. 11150059) IC & D UNE Z R L. SZH5IN 72 £REL
Lizo 35N, SAY—)IVEXRY hEHWTERY 70 > 7952 & T RMAZRZE L.
FHNTZREINE, Hi#)/8T 7 ¢ >~ (nacalai tesque. 26117-45) TH - oME5#ER T, KT 2
T 38C. 5%C0Oz HINNRAE FTHIE Uz, MEFEWRIZ. 0.55 mg/mL sodium pyruvate (Sigma, P2256).
0.146 mg/mL L-Glutamine GlutaMAX ™ Supplement (Gibco, 35050061). 1.861 pL/mL Sodium DL-lactate solu-
tion (Sigma. L7900). 0.063 mg/mL penicillin G potassium salt (nacalai tesque, 26239-84). 5.0 uL/mL
gentamicin solution (Sigma, G1272). LA k7 #hn L 7z CMRL-1066 (Gibco, 11530037) i< 20% (v/v)
FBS ZifsmL 7zt @ (LA R, mCMRL) ZHW 7z,

(3) 1PN o ffid

IPN MOERICE I 5~ 7~ =¥ 2 L — X —Iid. Piezo Micro Manipulator (PRIME TECH,
PMM-150) ZH\Wiz, APV a > EXy Md, A5 A% (SUTTER INSTRUMENT, B100-75-10)
ZNEE10-15 pm T, F—)LT ¢ T EXy MEAE 100-120 pm TERZAUERI L, (I Uiz, SR
EZ1T5 7T 4 v a2id 100X15 mm X~ 7 ¢ w2 (FALCON, 35-1029) D57z, 10% (w/
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v) poly vinyl pyroridon (PVP. Sigma., P5288) (& ¥t H ). 7.5 pg/mL cytochalasin B (CB. Sigma.
C-6762) WM Fith (7 —72 - UV —XM) (FREHD) OZFNZh 20 pL O Foy T2E- U, i@
FT 4V TE>Tze VaA AT o 7MERA 7<= a2 L—%— (NARISHIGE, MO-202) Z#&L
T BN BEMEE (OLYMPUS, IX-71) ORAT— FICHFET ¢« v ¥ 2 ZiE "z, Piezo Micro Manipulator
(PRIME TECH, PMM-150) IZiZ T8 /KR (nacalaitesque, 215-32) 7% E-Xw hAICH) 5 mm F2EEIC R %
KOCHEALIA TV 27 aVEXRy M, XA 0o Y 7% — (NARISHIGE, IM-9B) ZidH—
T4V TERy b 2ZNTNMOMNT T, EBIC, BMET v o2 A P27 a VEXRY FBXU
R—=IVT ¢ VT ERY RPTICERZ XIS, YA 70X a Lb—2—7Zd#fi Uiz, RN 7ZBRIZTRS
HiTdH % 7.5 pg/mL CB AN M2 F5HIT 10 IR U 7oy #1ET ¢ v & 2 ORI F oy T2+
BEANL, F—=IVT ¢ 2T ERy FTREE UTze BEHIER Y M 2@ d TELY Tl Hil L
HEMERT 2 € Xy SNSRI LR 21T o T BRE&Z2 17 © T 32 K5 811& M2 Bt Tk L. mCMRL EP“C‘\
38°C. 5% CO2. BAAZEL T 1 BFREIER & LTz,

(4) Live Cell Imaging

[A{555# %, 1mg/mL Bovine Serum Albumin (BSA) DfXH DIC 1mg/mL Poly (vinyl alcohol) (PVA,
Sigma, P1763) ZzihniL 7z KSOMaa (Mol Reprod Dev 1995 41 232-238., LA~ mKSOMaa) H5#hic
ZREINZ e L. mRNA 7 A E T 38°C. 6% COz. 5% Oz, BUANEE FTH&ZE L, X<, H5H Uik
BRENIC THRR L TRz Bk ORth) LHiFkA (k) 22 2% % Histone H2B-mCherry (25
ng/pL) & EGFP-EB1 (25 ng/pL) @ mRNA 7% HEPES CZB KNS L CHB W IZZREIIAN, €1V~
U= a L—Z—=%HOTHEA L, mRNA OFEEIZ DOV TIERER 12 12ieVES L7z, mRNA D32
FEIIANDIEATL, B2AT AR LT w2 MatTek) XIE7 4 VLR B LT ¢ w2 KRR
2%1) WO mKSOMaa R FCkdiE Uiz, BIgmiicid, 8w —A—% (HIOKI, 3664) ZHW\TL YV
AE EOL—Y—\TU—ZHlE L. CSU-W1 (488 nm : 0.1 mW, 561 nm: 0.1 mW) & CV1000 (488
nm : 0.05 mW, 561 nm : 0.1 mW) BV T DN Z M LTz, ZD&%, BMIAT— Lo
AV FaN—2—TH#E (38C. 6% COz. 5% Oz FIMNRET) LAMNSEFBISZIT >, BISUCIE,
2 EM — CCD 1 A2 (Andor, iXON DV887-BV) Z#InZaOCEAME: (4D 2 /RA, IX-7T1) ITHE#
LIEAYZ VT T ¢ A7 AHER L — P — BB (BE#. CSU-W1) KU A TRIVA RA—T 2 T4k
B (B EERE. CV1000) ZHWz, CSU-WI TlE, 1 DOMZE S s T 5 7zdic, 60 5D
VgL > X (UPlanApo X 60 oil) %2V T#EIEZIT> 7z, CV1000 TiE. —DDHE AN THEEDI
ZBIRT B0, 20 50D a ViYL > X (UPlanApo X 20 oil) ZHW\ ez, F7z. BIEROREMD
b\‘UiEﬂ%&’ U9 BBEICHBEED T, BIEEGIE, 3 pm RIS 41 WO RS« @i (Z il 120 pm)

557k (CSU-W1) & 10 77fkE (CV1000) T 5 HIEEIET 5 Lic k> TR b Nz, 55 N7zEiE

&, MetaMorph version 7.7 (Molecular Devices). CV1000 Software 1.06 (47 7 #) K U Volocity
Version 6.3 (PerkinElmer) %MW\ TN 21757, £7z. MetaMorph 7% W THREKD IO IR D A
FTA AZREE UTCig 7 7 A )V 72157z, TOBHRT 7 A )L 7% Volocity TG 3 & THREZD#ME L. £
DEREERZS T,

(5) HatzAmfitT
AREFIRIEIC B 22 TOMGUHIIOWTIE RKETHY 7 b =7 (Microsoft Excel 2013) Z{fif L.
tBUEICK DFMIE LTz, 7238, MalPaEZIR, 5% KAERIGEE Uiz,
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3. % R

HEVERTRLBRZIC K % 1PN RO EELEFE 2K 1 1SR LTze R—)IVT ¢ > F ¥Ry b THEE L7232k
MM CRID LR GRM) DR T E 7z, B EXy b Tl Z Bl U Mm%z €y
NS | LB T o 1o (BRI . BiEOBIR %17 8GR, RGO T | DOWI R TE
7z (IPN ) DIicit LT, RBREIE T 2 DDA RSNz 2PN IR (K 2),

BRI
X1 HEMERTRZEREL O

Bar=100pm

2PN &

2 HiREODMER

£ 1ICE. 2RO S OREERTRZERZ S 2 7R U Teo SZRE0N 72 HEPERTAZ D BRAZIC LR U 72 /55 91%
(66/72) DHEAFZ2IER L EFL TOWIED 92% (61/66) T 1 DOHIM A LN, ThHEDT EMND,
BBORERICHMENTLOBREM THON TS LR ENT,

£ 1 TR D OREPENTARBRAL

RO 2 AETEERFE ()t 1R () ™

72 66 (91) 61(92)

*ERIFHEGB LTS, **x EEIFHRESBLTS. EREH=T
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B 31id. 3 RICANCEIZE L7z 1PN RO kN UHGSRAD UM% /R L7z, 2PN k& 1PN fZh
Zho 2 {5 4 M OITENC 51 % 77241 (Prophase) . 5] (Metaphase) . %11 (Anaphase) |
] (Interphase) O¥tafk (H2B: /ith) C#ifiA (EB1 : fkf) MEIERTE 2, 2 Ml (DR
KB B 50K (H2B @ &) OHLKE{RN S, 1PN ROGHAKORA 2PN if & L U T 5 M ik
LTWBZEMBIEREIN, O LZERNCHNTT 27dIc, T OMRERAPIICE T 2 31 kDH
YEHi{S% 3 RoTHEGMHTY 7 b7 2 7 TS % T & TOREAERDAREOREE T 7 (K 4), ZDFEHE,
1PN RIC 1) 2R DAREH 2PN IR & IHEE L THEICIRD LTV T EMRBHN (K5), ThbDc
5. 1PN IROERIC BN T, HEMERTREOBREDEYNC TON TV 5 T E DR TE T2,

Prophase Metaphase Anaphase Interphase

2PN &

... 30pm

3 1PN RIic B 2 J ik nf 1k
Wi, L—Y—/87—7% 488 nm (0.1 mW), 561 nm (0.1 mW) & LT, 60 GOV arvizxf¥L
>~ A (UPlanApo X 60 oil) ZHWVT, 3 um [ FFJKVE‘%’C“ 41 MDA ZT A AWhifg (ZHh: 120 pm) Z s L
BNz 1 BUCKE L7z, 5 IR TR L. DRSO Z R LTz, JLKBiISIE, 2PN HT%: 1PN
R0 2 ] Gy I B 28k (H2B ) ZmRUTe,

1PN #&




18 Memoirs of Institute of Advanced Technology, Kindai University No. 22 (2017)

2PN R 1PN A&
B4 Rtk 3 XouBint

3 TRENT 2 MlHO AP BI 2 5tk (H2B @ //kth) Oz, 3 XocEfgiiy 7 - o
7 [Volocity | ZFHWTUEET % T & TR LN REOAD 3 RocBigH%.

(umd) P =0.004

1959.11

o
.

Q000000000
OO0 0000000

130225 @ -
— ©@=6)

el e e e L e LV
ON SO NGO

o
o

N0

[es]ele]le]

[s]ss]e]e]
p

2PN & 1PN &
817572 )i

X5 HAfADAERO L

2 MIRAD IR ENC 351 %, 2PN IR & 1PN IR ZNZNOEIRT & OO ZFRIL., L2757,
75 7 M ORfE L HRRETRIEZ R U, n 3 BB R, 2PNz hr—be LTV,

1PN ROFAE @ " A A=Y > 7Y X5 L (CV1000) 12 &> T 5 HREEHE L., ZOFREREAE 21
MUtz Ele, ZOHOHEIGZK 6 1SR Uiz, 1PN ROFAD 2PN I & Lhfg LT, 8 ML O R4
WMEIET % EWMERE N (£ 2), X, §5NIHE%EHWVT 1PN IRE 2PN iR 2 M2 U 4 5
R B BRI AFHII U, LEEE U7z, Z 5%, 1PN MR 2 fifEiic 9 28R (6.33+0.28 h) IZD
WTIE, 2PN IR (5.4240.19 h) &HERL T, AEENRO NG >Tc (K T), —F. 1PN D 4
Fac B9 2R (8.164+0.30 h) 12 DWW Ti&, 2PNIE (6.5£0.39 h) &It L THRICHEML TV
e enie (K1),

X2 1PN JEOFEA KA

fLaRs  ATEAREC (W) 2MEARHIEEC®)  AHIRREIAEC (0 SRR EL %) FERE®%) WEREHIVEE (%)

IPN & 6 6(100) 6(100) 6(100) 3(50) 0(0) 0(0)
2PN fE 5 5 (100) 5(100) 5(100) 5(100) 5(100) 1(20)
* HERIEREDBL TS,  * xEEEEEESBE T, EREE=2
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2PN &

1PN A&

6 PEUAIEOIIE]ER

WX, L—Y—3TU—7% 488 nm (0.05 mW), 561 nm (0.1 mW) & LT, 205DV avizyl
>~ A (UPlanApo X 20 oil) ZHWTC, 3 pm [T 41 O AT A ZA@Eif§ (Z il - 120 pm) ZHE L, 15
HNTcEBRZ 1 BUCHE L7z, 10 77HRT 5 HEHRE L. TN TNORGERE T & OBig7Z R LT, 8
Bl 5 12 Ktz 32 A C A5 & Uy £ ORORRE M Z im0 MR Lz,

(hour) P =0.01

20 : :

18

16

14

12

10 (1PNE n=5)

8.16 (2PN & n=5)

8 6.33 65 T L "
6 542_4 < -+
4
2
0

2PN i 1PN & 2PN & 1PN &
2-cell 4-cell

X 7 AT B IR D ERi

FENmigZ VT 1PN it & 2PN IR0 2 fifaii R O 4 #ileNc 29 2R 2Rt L, kL7275 7,
75 T OBIE LRI RMEZ R U, n ZEOZRT, 1PN RON 1 D, BELHIH 5 2 Ml
THoled, TGN SR Uiz, 2PN RZa > ba—)Lbe U THWE,

T FIROREADIBUC I 27/ LOLENZM S fzdic, Ml HoOMiE TR IERIC /AL X
NixVRREAI LS (Abnormal chromosome segregation : ACS) OB &7 o7z, T DR, 1PN if
KU 2PN RICHBWT, 4 MilaI & Tl ACS IZfERE S Ninin o 7o, 4 Ml & 8 M\ DOBATRHC
ACS WtfRE Ntz (M 8. % 3).
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Interphase
marge

Prophase Metaphase Anaphase Interphase

ACS

X8 ACS DEHELm {5

NCS (Normal chromosome segregation) 3 =¥ A5 ks ld, ACS IER AR 2/Rd . KANZ D
BB E Gtk REEIG M IMEZ 7R, ACS DKIC 58U T Metaphase TIXIEH ICHIY] L TWOARWEEAD,
Anaphase TIZ 7T RDFEICHLD IR E NI R OEDBIE E N7z, Interphase Tld. ACS T LR OAN 5
e E NI IO EED BN %,

# 3 IEIFRFICEIT S ACS DR

No. of No. of ACS/division

embryos

examined 1 to 20811 2 to 408]_]_ 4 to 8C€‘ll
2PN & 5 0/5 0/10 2/20
1PN & 5 0/5 0/10 1/18*

* GHIfAH CRARSLEL-REET

SREII & OHEMERTZBR%IC X D EBIE N RIC BT —DDWIMNRD bl T &, £z, Rtk
OEREM 2PN IR E I L THEICRD LTV e b, CORIZEBKKRTHZ EEZ NS, TD
1PN EDF 42 BRI A A—2 2 U T RER. 8 MR BALIRSE THAEMEILT 2 EMHL N LR 5T, &
HIC, SHfICE T 2R MZHE LIz e T A, 4 fifHIc B THRICHAEDRIEN R 5Nz, Thb
DT D, FREWGIHAD S OFEREDOZERN 8 MHTHALIE DR EICHEL TV 5 LEZ BN,

R A% MO T, MR O FARED 2 fE AR L LS U CTHEREICIK R LTV 5 T & v
ENTWE W, COMEEEBIAIRICBNT, BHEA Y 7YV NEIETTH B Igfor & Absd DFBZ 2 15
RIR L LEE U TR, Igf2r OFBDAEIC EF T 5T &, 4bs4 IOV TR HENRSNEZNT ENAS
METE>TWVD W Fie, MEEEEUAIR G 2 (SRDOIEERAERIC BV T, BEORHROAB XU X 1t
MGHEBHEE T OB LNV OBHRZ TR Tl MEEFBUARRIC B0 TiE & AL D mRNA OFEBIEfE
MSZLRIRT DR THZ M, X REOAHBGEIL T TH % Bex] O mRNA BEHA—-HLTERALTWS T
EMREINTVS 19, ThbDT N6, PEIKIRIC B3 % 85 THBTRETEEO BB D, AR T
MR E NIONEIWIEAD & OFREBILED— K TH L FREMENE A BN b, 5%, CNHELFOFREHICDON
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TUTFRTELT 2T N EEZ TS,

iz, WELEMWIC BV T, SRATOVARORAHE CHRRAEICEEGRBES TH 2 MM/ LOTE M
b (Zygotic gene activation : ZGA) ML E 2%, T ZGA DOBAIRICIE. RHED mRNA > X 237 E D57 iR
WRETHD, TNSHHEETNS L ZCA BHIBE NFREMELT 2T EDFIBMER>TVS 19,
MA T, VY FIARORFREICET 2 INE TOMEN S, T FHD ZGA H 8 15 16 MfEiHicAE T
BTEMREENTVS 17, chbDT M B, ARSI THIINE D FA LB 8 5 T HERED
WK D, ZCA DIEWITTbNEN > M5, 8 ML DMEFE LM IENE 72 5 X NIz ATREN D E
AbNiz,

XU AT, MR HOBE TRAEDIEFEICT I E AW REAREEYS (Abnormal chromosome
segregation : ACS) MIHAMRIC BN TRISE N, FHAIC ACS 2 & LTSRS L TE. XTIl
FEICKED BT e Eh TV 18 U9 < 200 IVE IETIE, 4 M E TORIC 7% HYACS Zi#
LTHD. 4 M S 8 MFIHINDHZICTIHENT 20.5% OEH ACS £ T L@ EhTwns 19, —
Ji. AR TIEARKZEMR TS D, DA 10 @ & T SRN DRV, THFRICBNTE Y A
ElAkE. 4 HIlHE COROADEDOLZEENMRT-NT WS EEZ NS,

W, WA =T AFIVD 2 (EEEAFEMN SR U 4 5 8 fllfe o ¥ —E|BR% ES Al 5
~NIERET % T & T ES MBI LT D @0, AR TIE. 1PN RO 8 ML D FEE AL
T 5 EMHEREINTVBED, 4 MR TOINEIRICIE, BHEKICBOWTREEDIEFICOEE NS
CEMERENT VS, S1%. BERO X 5 75 4 MO B —E1Bk 5 0 ES MO 255 % Z & T,
70 EEUA ES MO K E N A TREMENE Z BN b,

Slal, R S BN OFEN R S Nah o 2728, ES MDD 25k % 2 E M TE RN -5

oo S%IE. 2 7203 4 MR O B —EERD 5 0 ES Mg 0 ATV EEZ TV,

5. &N

1. Leeb M., Wutz A. (2011) Derivation of haploid embryonic stem cells from mouse embryos. Nature
479, 131-134.

2 . Elling U., Taubenschmid J., Wirnsberger G., O'Malley R., Demers S-P., Vanhaelen Q., Shukalyuk A.L,
Schmauss G., Schramek D., Schnuetgen F., von Melchner H., Ecker J.R., Stanford W.L., Zuber J., Stark
A., Penninger JM. (2011) Forward and Reverse Genetics through Derivation of Haploid Mouse
Embryonic Stem Cells. Cell Stem Cell. 9, 563-574.

3. Liw,LiX,LiT, Jiang M-G., Wan H., Luo G-Z., Feng C., Cui X., Teng F., Yuan Y., Zhou Q., Gu Q., Shuai
L., Sha J., Xiao Y., Wang L., Liu Z, Wang X-J., Zhao X-Y., Zhou Q. (2014) Genetic Modification and
Screening in Rat Using Haploid Embryonic Stem Cells. Cell Stem Cell. 14, 404-414.

4. Yang H,, Liu Z, Ma Y., Zhong C., Yin Q., Zhou C,, Shil L., Cai Y., Zhao H., Wang H., Tang F., Wang Y.,
Zhang C., Liu X-Y,, Lai D., Jin Y., Sun Q., Li J. (2013) Generation of haploid embryonic stem cells
from Macaca fascicularis monkey parthenotes. Cell Res. 23, 1187-1200.

5. Yang H, Shi L., Wang B-A,, Liang D., Zhong C., Liu W., Nie Y., Liu J., Zhao J., Gao X., Li D., Xu G-L., Li
J. (2012) Generation of Genetically Modified Mice by Oocyte Injection of Androgenetic Haploid
Embryonic Stem Cells. Cell, 149, 605-617.

6 . Zakhartchenko V., Flisikowska T., Li S., Richter T., Wieland H., Durkovic M., Rottmann O., Kessler B.,
Gungor T., Brem G., Kind A., Wolf E., Schnieke A. (2011) Cell-Mediated Transgenesis in Rabbits:



22

Memoirs of Institute of Advanced Technology, Kindai University No. 22 (2017)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Chimeric and Nuclear Transfer Animals. Biol. Reprod. 84, 229-237.

. Tachibana M., Sparman M., Ramsey C., Ma H., Lee H-S., Penedo M-C., Mitalipov S. (2012) Generation

of Chimeric Rhesus Monkeys. Cell 148, 285-295.

. Hosoi Y., Miyake M., Utsumi K., Iritani A. (1988) Development of rabbit oocyte after microinjection

of spermatozoa. Proceeding of the 11th international congress on animal reproduction. abstract 331.

. Chesné P., Adenot P.G., Viglietta C., Baratte M., Boulanger L., Renard J-P. (2002) Cloned rabbits

produced by nuclear transfer from adult somatic cells. Nat. Biotechnol. 20, 366-369.

Watanabe Y. (1980) Serial inbreeding of rabbits with hereditary hyperlipidemia (WHHL-rabbit).
Atherosclerosis. 36, 261-268.

Honda A., Hirose M., Inoue K., Ogonuki N., Miki H., Shimozawa N., Hatori M., Shimizu N, Murata T.,
Hirose M., Katayama K., Wakisaka N., Miyoshi H., Yokoyama K K., Sankai T., Ogura A. (2008) Stable
embryonic stem cell lines in rabbits: potential small animal models for human research. Reprod
Biomed Online. 17, 706-715.

Yamagata K. Suetsugu R., Wakayama T. (2009) Longterm six-dimensional live-cell imaging for the
mouse preimplantation embryo that does not affect full-term development. J. Reprod. Dev. 55, 343-
350.

Yamagata K., Ueda J. (2013). Long-term live-cell imaging of mammalian preimplantation
development and derivation process of pluripotent stem cells from the embryos. Develop. Growth
Differ. 55, 378-389.

Hu M., Zhao Z., TuanMu L-C., Wei H,, Gao F., Li L., Ying J., Zhang S. (2014) Analysis of imprinted
gene expression and implantation in haploid androgenetic mouse embryos. Andrologia 47, 1-7.
Latham K.E., Akutsu H., Patel B., Yanagimachi R. (2002) Comparison of Gene Expression During
Preimplantation Development Between Diploid and Haploid Mouse Embryos. Biol. Reprod. 67, 386-
392.

Li L., Zheng P., Dean J. (2010) Maternal control of early mouse development. Development 137,
859-870.

GHenderson G.R., Brahmasani S.R., Yelisetti U.M., Konijeti S., Katari V.C., Sisinthy S. (2014)
Candidate gene expression patterns in rabbit preimplantation embryos developed in vivo and in vitro.
J Assist Reprod Genet. 31, 899-911.

Yamagata K., Suetsugu R., Wakayama T. (2009). Assessment of chromosomal integrity using a novel
live-cell imaging technique in mouse embryos produced by intracytoplasmic sperm injection. Hum.
Reprod. 24, 2490-2499.

Mizutani E., Yamagata K., Ono T., Akagi S., Geshi M., Wakayama T. (2012). Abnormal chromosome
segregation at early cleavage is a major cause of the full-term developmental failure of mouse clones.
Dev. Biol. 364, 56-65.

Okahara-Narita J., Yamasaki J., Iwatani C., Tsuchiya H., Wakimoto K., Kondo Y., Wakayama T., Torii
R. (2007). Establishument of cynomolgus monkey embryonic stem cell line from a single
blastomere. The Fourth Annual Conference of the Asian Reproductive Biotechnology. Society.

Singapore.



23

RXNEE
Analysis of rabbit haploid embryos toward to derivation of haploid embryonic stem cells
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Haploid embryonic stem (ES) cells have a unique feature that single set of chromosomes exist and
function in them. Therefore, from the viewpoint of gene manipulation and developmental engineering, it
is feasible to transfer and knockout the genes, and then, it can be liked between genotypes and
phenotypes directly without making the homozygous cell lines and animals. Although the haploid ES cells
were known to be derived from haploid blastocyst embryos, the procedures and developmental characters
of haploid embryos have been unclear. In this study, we produced and analyzed female haploid embryos
of rabbit, towards to establish the haploid rabbit ES cells in future. Male pronucleus was removed from
fertilized rabbit oocytes by piezo-driven micromanipulator and embryo with one pronucleus (1PN) was
obtained. By means of long-term three-dimensional live-cell imaging technology we previously developed,
time-dependent changes in chromosome and spindle structure during cleavage were monitored in the
rabbit 1PN embryos. When comparing volume of metaphase chromosomes during first mitosis, it was
apparent that the volume in 1PN embryos was significantly smaller than that of fertilized eggs with two
pronuclei (2PN) , suggesting the validity of procedures to make the haploid embryo. Expectedly, the
cleavage of the 1PN embryos was retarded and arrested at the 8-cell stage or later. Furthermore, the time
durations at 2- and 4-cell stages of 1PN embryos were measured. As a result, the time required for 4-cell
stage of 1PN embryos was significantly increased when compared with that of 2PN embryos. In addition,
when the chromosomal integrity during the each cleavage was assessed, the occurrence of abnormal
chromosomal segregation, such as lagging chromosome and misaligned chromosome, was comparable
among these two groups of embryos and also that of mouse in vitro fertilized embryo, previously reported
by us. These results demonstrated that the accumulation of slight delays in each stage may result in lower
rate of development in 1PN rabbit embryos, and that the chromosome integrity during the segregation

seem to be sustained also in rabbit embryo likely to mouse regardless of its karyotype.

Key words: Haploid embryos, haploid ES cells, rabbit, live cell imaging, abnormal chromosomal segregation
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