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Aggregation and Fusion in HVJ-infected Blastomere of Rat Embryos
and the Subsequent Developmental Ability of the Aggrigates

Kyozo UTsuMI, Takahiko MORINAGA and Masataka YUHARA
(Laboratory of Animal Reproduction)

TARKOWSKI (1964) referred to mosaic animals composed of cells derived from the
separate parents as chimaeras. But, the term allophenic was also applied to individuals
of multi-embryo origin by MiNTz (1967). Allophenic individuals have heen demonst-
rated in the injection chimaera mouse by GARDNER (1968) as well as the aggregation
chimaera mouse by TARKOWSKI, MiINTZ and others, Thus, there have been many
published attempts on the mouse, but the decisive cases of aggregation of rat
preimplantation embryos was carried out only by MaveEr and Fritz (1974). The
present study describes complete rat embryo fusion in vitro using the HVJ-cell fusion
technique, and the successful transfer and development of completely aggregated
embryos and the subsequent birth of allophenic rats,

Dam being of Wistar strain of rat, male rats were either of the same strain or
the DA strain, These two strains differ in the ability of their melanocytes to produce
pigment, All dam were ovulating spontaneously and the embryos were recovered
by flushing the oviduct and uterus with serum-saline (1 : 4) medium, To remove
the zona pellucida, the embryos were rinsed in serum saline (1 : 2) medium which
contained 0. 5 % pronase, The dissolved zona pellucida was removed by pipetting.

All attempts at embryo aggregation and fusion ware between one-cell oocytes,
one-cell embryos, two-cell embryos, four-cell embryoes, eight-cell embryos, morula
and blastocyst through the agency of inactivated HV] (Hemagglutinating Virus of
Japan, Sendai virus). “Albino” embryos were paired with “Colored” embrycs for
aggregation, Previously virus-infected embryos were aggregated with fresh embryos
by mixing at 0°C for 10 min., and the aggregates were fused at 37°C for 20 to 40 min,
Regardless of developing stages, all embryo pairs were aggregated and fused, Most
of eight-cell embryos and molula were successively fused, while only 20to 40 % of
one-cell embryos and blastccyst were joined together, Most of the aggregates of
eight-cell pairs and morula pairs aggregated and fused into single multi-embryo
blastocysts when cultured in vitro as follows,

In the control experiment, contacts between pairs embryos were induced by gentle
pressure ifrom 2 fine glass rod, Only eight-cell embryos and morula had enocugh
aggregating ability to developed to blastocysts, because there were almest no aggre-
gates of other emhryonic stages,

Only completely developed aggregates of expanded blastocyst were transferred to
pseudopregnant recipient albino rat, A total of thirty four fused blastocysts were
transferred to six recipients, Four of the recipients gave one full term embryo, The
sex ratio of the four young obtained was1 : 1 (3 : ¢), However, the chimaeralism
of the four young could not be fully verified due to problems with foster parentage,
additional studies are nesded to verify the random nature of rat blastomere aggreg-
ation using HV]J,
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2L EOBBF»LET S L {AEDEI % Chimaera (Fx5) EEULTVED, F X
FHEDVEHIE MorGaN (1927)% DA TOHIE» SR ohizc, —ITHILEYTOD * 4
SEIOIEHIE TarEOWSKT (1961)W0MiNTz (1962)V1T & » T v AR THA SN, 2
HOWETF2YHIZIH U 2T TELNIZIN S D F 2 5L “aggregation chimaera”x
BRI 228, Bl v v ZAPRERERICROEIRZEAT A2 LR S TESLN S “injection
chimaera” OIEHD GARDNER (1968)% iz k - TEREI NI, HEIRZE - Tw v RBHAD
FORS ., NOTIREF A IEOBELN B L EMRINT., BRINHOF 2 S EPH il
BRZ, REOHERF, ¥ IUREBBEOWRCSAILEENEFIN»>2H %, X, *
X TEHYOERPRERCISASNNE EROEMESL X5 & 2355, BROEEDS 5
BFREEEZRE s nFEOEH BTz,

T~y o e A UHETERINZME Y —v 2@V T & AWEREES9E, BET
BHIEERECEEESBAGHAIN, HLWAIRMSETh S L3 -7, ULk UERR
EEOR TSN TIREOEEREAED 1 22 UT, Gramam (1971)Y KI5 T< v A
RIBHaNT, 4EBEREOEEDPEA BN, KO EHIDNTHULSN TSI
WER,

AHEEIZ HV] OMER&eE 2 IR ORRB SR OFEE UTHIAT2 C&itd - TS
v MEOEHEROEHOMEEE 2P 5 & dhic HV] ic X AREEROBIAHIE 2L 1
BLERBERNEL, BT, J9 b FA SHOEFDHEEFOTREELZHE LI,

M E & B OE

SLEABEEIYIE B R ETE Wistar R 7 » b %2 fv, ZEEERD, H60 DARZHNT
FAREEINOR 24872, 1 AREDE, 2 MOpalN, 4 MUpRlY, SAmiEdl, J|EMNORIEAIE L K
i1 BE, 288, 3BH, 4HH, k05 HEOIE, BT - 75, IO FEOER
ko THA - SR (41 1) L3RcERE N, BEREEOHT &z 2B 1.0
BT 0 —CEER TR, FROERATERy 7 s v iR E D BREINL,

HV] BRI MR 0 2B 25207, HEERTL0H HIRLIRIBO BRI R T #R %
B s, HV] MEREiaEamRE (2 0 1) BER e SEmRsh (HV], 1,000~
2,000 HAu ; 3 X107{fH/cc/HAW), RAMRONIRMIC X 2 RiE(bE:, HMRAR E U TERK
Beshiz, BILEShtgRER T — v ORD HVI T X 2 58E - BAHEO¥MEHHRE T
7o, BIBEE—EEE & LT, “RiE{bk HV] SREIGRP TORMIEE 5 LOBED ) OEIRE
LHESBE SN, EBEREHVIETT, B2y 7 4 o iRk ) —13T o BRO—#
PHEMSE, TOEIHET AL LS THEPAI, O TEY LT TEREINIZE
OEGEENERIC U THE shiz, SEERE LT, 2O ZHNY 7 2B THL
D % MINTZ (1962)® DITIEIC L - T, FHEB AT — U REORELENTI<L L,

T BYJ i@ & 3 PRI EIER OB AR B 3 2 BT OREIMA SNz, C ORlE Bk
WWBWTIE, HVI 2EHEREKE, 740 —x 28, IOESE 20 EE KRB EKO
EREATEGEEARE : UTHEDN, 81 lEil e S ER it s o, HV] &
HHIERE 5 UORE - BiEEE i OBEMTNLh, §0 T HV] ELIE & JERRYU I8
& DIFLE « FIEEES RIS UTHIN S Nis, FICHEmMAROBE» 5, HEROBEARER
& HV] OoBMEIESET Nz, BERADY 4V ZEREOINFLEHD T 1V 2 D
(0~300{E) &, ROEIRD 1 MIfERE00 & B|SERC IR s Lz,
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BECRIEHROEETEEHE SN, 1 MESHBKEBEROE L2 Ol & K H320% M5
PEBE KRB fHgEEs w50, 5% COq in air, 37°C {ETTHEAEES NI

REECESUVCBERIBERRE L NEIRT, RER2FES S ABEEOFESK
BHE s, ER2AHOWEWMI X - THERE~NOFET2@BE LT,

BR L& EBE
HVJE& KR TOINTOME&E»HET s iz (Tablel : ). HOEERRIX 37°C T

Table 1 Aggregation and fusion of rat eggs by HVJ (Sendai virus)

Cell satage Aggregation (No, of agg/No. of pair) Fusion (No, of fusion/No of pair)

of at 0°C at 37°C at 20°C at 37°C
pairing for 2 m, for 10m, for 2 m, for10m, for20m, for40m. for20m, for40m,
Co, —0o, 0/12 6/12 — - - - 2/6 4/6
1—1 14/44 36/40 0/16 2/12 0/8 0/8 0/12 6/12
Mor—Morula 21/45 42/48 0/10 2/11 6/13 4/11 8/12 10/12
Bla — Blast, 4/16 7/15 — — - — 3/5 4/10

note) Aggregation at 0°C for 10 min, was followed by fusion at 20°C or 37°C.

10D BT A EHL0M % KB X 720as, 0°C Tk 2 58I 30~409% ORERERTRL,
109341212 50~80 % DEEERE 2R LTz, U3 COREERKEOFEEFA 7 —Vick 5 TKE
RERPIRL, 1 EIRLEERIIRTE L MMt EREL D EEVERERZTRLIL.
FenT 0 °C 1038 OREEIE D % OB DRIALKESIRE 3 iz, 205 1 MjEing20°C 4T
TI3400RBR S IRE LIS £, HEMOMUT, MIEEORMERES S, - 2. Uk
U, 37°C Tiz405#5E 8 HMIBEOMEWRET L, 280Kk E SOl 1 Mgtz 5
7z (Fig. 2 : 2. —FRERIZ20°C Tr205 T B ORI T Lis, &E
ORI CRy 7 4 V7K - TR DHEEL 20 & &b 5 HIE U T EE O
ELUREROAPHEME ZRILTHA 30 EEL NI, 3ICKIBELER T E
EROMIEMAREIEE LML, K251 SRS la T8 37°C T, 20581,
EETED 50, HMIEMEWET T2 8B oM. LNsOHEP DL, BROEERE
BB BETRAF — DItk - TEZ A8, HV] 280EE8WTTIE, 0°CIl04oM&EICX
BHIEREE &, 21 cEEL 37°C 20~400 B8 THIJERI G AL T A L ERE NIz, Uk,
ZOEEMEHREREROZNYELI BN L P bnE 572, Oxapa Ml (1975)W3fE
K AR OISR AL, ME& 100~ 100 (BD 7 1 v 205PEE U IR 2 EIR TE- 7
%, 3I°CKBLTH 2. LORMASHRS 2 MIgRI& T > MEEEoE b LTE 5 A,
Und, BEY 1 V2 EHERORIG2, 2@BOMEZEEL LTV S U4 v 2idZ OMja
WEALEN XS THBEEVSHEECERCEEVIEUZEL, Urnd, Z0HS0H
FIED A 7 23 ) 7 —HSEA BN 5 RIELS I B RL S DIF R 21E- T 3 L AL T
W5, ROBEIEICESNTS, AL ZRIASREPEEsNIICE» 5, BARLT  MEER
BB THRERBENT 2bh T30 sEbh 3,

SRR & UT, MiNTz OEIC X 2 ROEEENHE sz (Table 2). 4 MEIE X
D ABENHEE S LOW LD T, 150 T 3 EEMEIEE L &L, SHEIRRERTI
53 CHREC80% DEERZRLICH, BEIEE S UTRISTBRIER U 2h T, DL
KBRS 2REINIWHEREEEREZ2BE 2L ERISHAISNIZL ETH 25509, ZER
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Table 2 Aggregegation of wistar rat eggs at any stages of cleavage

No, of Aggregated pairs/Pushing together
Cell stage %
total pairs for 5 min, for 10 min, for 15 min,
11 7 0/2 0/2 1/3 14
2¢2 10 0/4 1/3 1/3 20
44 6 0/2 0/2 0/2 0
8«8 11 9/11 — — 82
MoM 20 15/20 - - 75
MeB 6 - - 0/6
BoB 7 - - 0/7 0

note) incubated in serum : saline (1 :2) at 20°C.
note) embryo aggregation by gently pushing together with fine glass rod.

BRI DT T REENE U D120 &2 5, SHZIMPRER OB CEERIT
s, BRIRIREERE R REF L TV RN L 2RI NI,

BALIITF O EREEREIL S MlE~ R ER TEEIGEL, WBETIEZOEI2EE5C
i, HMEUTCHRIBORERMBRECCRREREI DN 2RRT 5. REBIET
SRR 2D BT, PEMIIESEE 5 LIZEEEED & 5 T & % GARDNER 4 (1975)%
X > TRINTWAS, Lkl, HV] BREEBOSSG, REEEIERE ZIEERE O R
£ -BAERPRL, 1WREINTYFEETE, »2)EROBRE - BiAERE - ¢ & 17,
PN L AHEIRE L R E L BB L - TEE - BANEL T3 L RS
3. X, BphizEEEy, Gramam (1971)% 75 HV] Bt~ v X [RTHET 20~70% OFA
BEE 3 imIF—ELI,

HV] T X 2 MEREEEE, 30 EL 770 PHBEBCEAI R TET 2 %+ v
FHRSB AR, BEREBHEIOSEELLELAON B X 5K E - 12 (FraYy & EDIDIN,
1970)?, KEERT 3 BB ORMAFEN 5, FREEHRENT 25T O0OER 2N A 12
(Table3)., HV] B 1 MIEMNE 5 L20°C 10 A TEEIR R LB TETS, #1d

Table 3 Fusing ability of HV]-infected rat eggs

Procedure of egg fusion Glucose in Egg activity

subsequent to HV] aggregation medium Aggregation Fusion
HVJ-inf, 1 -cell x BVJ-inf, 1 -cell presence - -
HVJ-inf. 1-cell x HVJ-inf, 1 -cell absence + +
HV]J-inf, 1 -cell x fresh1 -cell presence + +
HV]J-inf, 1 -cell x fresh1 -cell absence ++ + 4+
HVJ-inf, Morula x MV]-inf, Morula presence + +
HV]-inf, Morula x HVJ-inf, Morula absence + +
HV]J-inf. Morula x fresh Morula presence + A+ + 4+ +
HV]-inf, Morula x fresh Morula absence + + -+ + + A+

XEANHIRITCIIMET % &, Fai EDEENVTICOHELIZ., L d o — 20
T BEFIIIRERES AL, THHELT:, 20 CHIA - THV] & XS a2z HVY By 1 ¥l
BRE, FERVANEE] WEIN: 2EBOFETESE S, 37°C KNETNERASESED,
LT a — APERICDVE /I Z QBRI R s h o, BERO HV] B E 5 L
OEEEEIZ I va — 2t BEZFEEIN T 5, HV] BRASER I HREER & Ol
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BTN~ ZAQEERCBNVTELULEI NI, X, LhbOFEatExR w3 3 HVJ
DOEMEIE L MEMZE T, BERCH VTS 1FED, 100ETOE—~ VA THER
fiesEmy, 200TIZIEZ07 S b—icELUT (Fig. 1). [HE (1978)2 13EKA - #lg
® HV] ik 2 MIERIE&E FVEBRICBWT, ZFva— 2RI X - THEER S OFEE
ETT 305, U4 VANEE HEEOREGRTFEL, CCEHBMEE2RNTAEI I VR
RRILHERD & FTEEE & O TR ENRC Y, RIREECHET 5 & 2BE VB R
DEE» 5, MEFENTOE S &, EAEBMADE TV E QEFKRRRBELI.. AERICET
BHEAIC IO TS, HV] BREKE 5 UOBAERRE 553, HV] FRUK & HK & Oft
BREE S V2~ RAFEERCBWTIELEEIN, “v4 v B e MiEEse” & "Mk
HEEDBE” WRE—KETRNC ERE SN, BEAY i Rmerims s Rk, v4
WAL D12 b VA VX O EFHAFRHE LFEET 2 LRI, Big, 74
WADRMNHRBEETZ 25 b, KARREIC—ERD D 1 Vv ARERVFEL, B
Uk > THEEBENZILL, MRS 2Esme e d@Bani.

BV 868D in vitro 3 X8 in vivo 100
FEEmBHET s, HVI @& 1 Mg ‘ _—~0—0
(Fig. 2 —C) 12 T 2B #EL //O
T, 4B E TIOBBAIES T LIoHs, °
ZDHOEELL - TE, 20 LULED invi S d
tro ERZRIBTHhsT2, UL, TOE 2 5ot
BRI E - T4 BERIEH 0TS TR e
INBHTEND, BE in vivo TOFEEE E o /X/X
ZRFEPTH 5, (LUHEM 1978 137 » X 0—0 Morula
b OBEEATATIC ST, YT 4 X=X I-cell g
BB in vivo TH 2 MEKZ T LHIERE 00 ;'(0 00 200 300 100 ?oo_
PRETISY, 2 BAERHIIEI L - THEZ 2 No. of virus/egg
RTINS IR Y TR IR E T 588 Fig. 1 Dose responce of HVJ on
PEOCERED TN, T4V AREEE rat embryo fusion,

BTk > THEINAEL OBEERE» S, BEEIHREE L OBBEXBHLMITINE T EN

B ns, —HREKOREK (Fig. 2~d. e f.) B eRBHOHETRET 2EOKE

IOBREWRERRL, 128 3 WHIRERISCRE L, 2450~ 368F#1i11380% LI ka3,
BoEERE s I 2 B0OKE S (Fig. 2 —f) OLAEEEIRHEE Ui, —iiEs

KBOTHVI Rd - T oo NS HIEEOEEREN 6 A b & 3T 3 245,
LB -BEFTERCET 2ERRZIA I —F L. U»d GravaM (1971)° 09

HOBREICL 25 » NEOFBITADORETER (50%) K~ EELLL BEFTEERZRT D

OErEbhs. Fic HV] TRESEOMERE I AETH - 1225, ZOraHi3 Mg

BEE 5 UNEAT AT, Jlx ONOIREE2EMK LIz, TarkowsKy (1961)¥ kv v

AROFATH T, 120K E 5 UOBETRIREIENEZT 3PHI 2 2OlkRE

UL EUTOEET 5 28U, HVI X535 o MVEIEE TR 12/ 28 A

T RE2ET 2 HIOR T HNITERER AR, T2/ 1 2O ) B—~DRE 2R L

7z, hiE, RO LHVIIZ & 2HlgEE - glaBBoREE L 20, Ty bEv Y

ADFEFE L % DB L TR,

REUIBERRE2EETFEBEL TERBEORORERE2 M Uz (Table 4 : 2H).
BE-FIEE, 0~UREHOYITER2BE LGS, 660EXE(5~6EHR/TE) O
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55,00 EIBIESE ST, 15~16H HIKEHA A bh, 2 DE#m TIIRIRIEED
BN T, L L, 30~32fsrs Ui iiirEm 2BE LTSS, 66loEED S B,
APIRBNTHRLZ L~ 20CDFEIBIR2ET. KEiX 4. 6~5. 2g Ofifflicd b, HELD

Fig, 2 Aggregation and fusion of HVJ-infected blastomeres of rat zona-free embryos ;
a) spontaneous aggregation by gently pushing together with glass rod, b) a pair
of aggregating mono-cell after HV]-infection, ¢) double-sized mono-cell (right
side) formed by fusion of normal one-cell embryos (left side), d) pairs of
aggregating and fusing zona-free morula, e) double-sized developing blastocyst
of fused morula (upper part), degenerating (right side) or delayed developing
(left side) morula, f) double-sized developing blastocyst (right side) of fused
morula, compared with normal-sized blastocyst of non-fused morula,

FRETEEHERLE OFEEIBRD 5257, BUEER and MACLAREN (1974)P i3
SHiE~ U ARER OB EEOMBENEE,» S, WHEHOXS sEE—~KEZOF DL
A—DREITHAELENDE, MELOBETERINBREOKE X OHHOT eI &
BRBL, BMAROASILZ0BRROASICHEBRL2EAT.. X, AR TIHEHOR
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Table 4 In vivo development of HVJ-fused aggregates in rat morula

Time of in vitro Developmental No, of No. of No, of No, of aggregate
culture of the stage after eggs recipient pregnant developed to
aggregate in vitro transferred transferred recipient full term
culture
_ early
20—24 hr blastocyst 31 6 0 0
_ expanded o
30—32 hr blastocyst 34 6 4 5

FHRROBEREIC L - TEHEULEL S L 2007, BARERCH AR E
& ESHIE SR D S L ORFS s i RN ERIC A B 12w b (ROSSANT, 1., 1975)19
TWEMECHABRORSLOELL IR L, HERBECEFEE I AL 2 (MCLAREN
1976)7 e ENEL LN S, X, b Ok E ERCBEILI VI, WIN
TxT, EELEL» T, ZORROF x 3 HRFESBE SNEL o205, DL EJEAE
oEfEiz DA REFED B Tz, "H” » “Z0f” Th-7, UrL, HEREIEI
I o TALNIHEHREDZOHOFERIZ L ML s o 1.

Ei =

FBPEBRES o MR, WTNORERA 7 —viBn T HV] 28N Tsc X5 T,
B o el 5 UREE - BRATRPTEERI N2 L &HWBY o Nic, Bld - T HV] TR ¥
REER 2 JER TR IREIER &, 5 °C, 100 TRSE S ¥, %0 T37°C, 20—400 M TREE S
ETUR. 1HETER2EAE I A LS > TEHEN A EHEK2E 2 HEEDTR
B, BEROBAREEE CHIRRCHEET 2 CEHFED shi.
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