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Aberrant and arrested embryos from masu salmon eggs treated
for tetraploidization by inhibition of the first cleavage

Suzu SAKAOQ,* TAKAFUMI FUJIMOTO,! MINORU TANAKA,!
ETSURO YAMAHAZ AND KATSUTOSHI ARAI!

1 Laboratory of Breeding Science, Graduate School of Fisheries Science, Hokkaido University, Minato, Hakodate,
041-8611, 2Nanae Fresh Water Laboratory, Field Science Center for Northern Biosphere, Hokkaido University,
Sakuramachi, Nanae, Kameda, 041-1105, Japan

Although tetraploid is important for the mass production of sterile triploids by hybridizing with diploid, its
survival capacity is extremely low. In this study, we aimed to identify the cause of such a high mortality of em-
bryos treated with hydrostatic pressure shock (700 kg/cm?, 7 min duration, 5-7 h after fertilization at 10°C) in
masu salmon. In treated eggs, cleavage rates were delayed and aberrant cell divisions were observed during the
early cleavage stage. Histological observation in the blastula stage revealed frequent occurrence of aberrant
blastoderms including anuclear and/or small blastomeres. Ploidy analysis of eyed and hatching embryos revealed
successful production of pure tetraploid individuals. However tetraploid survivors exhibited abnormal appear-
ances. In the groups treated at 6.5 and 7 h, no embryonic body was observed at hatching stage. Judging from the
results of each treated group, the optimum timing for the inhibition of first cleavage was 6 h after fertilization,
when the eggs were cytologically staged as prometaphase to metaphase of the first cleavage. Aneuploids and
mosaics were also detected in treated embryos by flow cytometry. These results suggest that abnormal cleavage
and blastomeres mosaicism caused by the treatment at the first cleavage give rise to high mortality.
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BEFMERE LU, TEESICL 55U EERET
OREBIBThZTnBEF LN TEL, LrL, Thbt
ABRETOBERIIATLIALLICTIN TV, 8
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HEA AWETE, EBEXFEITEYE Y —
FEtEr Yy 2 —L K ERAT & ALEE B BRI
THBE I N T\ 7 5 < A Oncorhynchus masoun 0K
PR X VBRIV LU T2 ERICHEL /o, BTE
OBRBALVELZENT AR, RBELVEON/-ZHE
OR%E BRE & L7z, ABFCIdoE 11 Bk 2 3 @k, B
TIIHES BRI BERICHKRTAMEBTEREL
TER LI, WBLUBTFRESERICID ZhZTh#E
T ECRERRL -, WY RIEaERY V7 VK
(134.5 mM NaCl, 3.8 mM KCl, 3.2 mM CaCl,, 0.24 mM
NaHCO;, pH Kif%) T L%, HEEICIOA
TEEEIT- 70, ERICBLAZHINT A, BAiF &3
ERALBEBEIAE R £ T 10°C I8 L 72 K EPNIC IR
L7,

RAREINOEKENE H—IPEIREE, BEHRICHE
W, JVVvF TR (REESFER, ERE) ITXL D 700

kg/cm?, 7 5EIOEKEME (pressure shock: PS) %
FZRINCH T Z LICE DT -7, BRI EKI /R
RO LL, ZHEEKROSRH2L 7TRHOM T304
BICENUBE T > /2o ZNLHDOFEERFFIT, PSbh,
PS5.5h, PS6h, PS6.5h, PS7h L B&EC L 72, A BEOKAE
ety JVERIA LEIEFHRRC L, Thfhz
MDA T AN 10C DWKFTHE L1z, BHOK
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35 BT TOARKRLEHL, ERMHFEAIERL 7.

R MR E(E B HOMBIRC OV TIE K%
5REfEI A B 12 Refdlfk & C, FABEFIZ OV THAHE
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L, MfENEERT- 7

MRS L UHEBFHEIE F—IIEFE A E ]
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Too ZDH, NIEPFVUYV e AV VTEHPET KL
MREARLERL 7o,

EREDOYHE SKEABOHRZFANL/ID, 7
O—H A4 FAFY—iCkDEMEOR DNA &% JiE
L, SEMEHEL, AFOREY (ZK#%17HH)
MR (TR 37T B H) OB HIPK & IV A
BHNCERELERB & Lz, ML ARIE 15 mI B~
A 7817 A I 2 —TATEYMESHTH DNA RAEF
v I (High Resolution DNA Kit type T, Partec, Germa-
ny) OAW200ulPIC AN, 20 7MEBL . TD
®, ENy MO EREY 4 AL THila a8
BL, BREBEREL -, KICOBMEEZ S0um D A v v
2 (Cell Tricks 50um, Partec, Germany) TyEHEL, &
W IZ B ¥ (4-6-diamino—2-phenylindole dihydrochlo-
ride (DAPD) 6k % &%) 1ml %0z T55MEK
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Table 1 Cytological stages of nucleaved blastoderms developing from eggs treated with pressure shock at 5, 6 or 7 h after fertilization

Treatment Time after No. of eggs Ist cleavage*! clez?\t'l:ifge*1 Nfllil\lltig)igl?r Others *?
timing fertilization observed S
PR PM M A T PR PM Tri- Tetra—
PS5h 5:30 6 4 1 1
6 : 00 9 6 1 1 1
6:30 1 1 2 1 2
7 :00 13 1 9 1 2
7:30 16 1 9 2 1 3
8:00 2 1 6
8:30 3 3 1
9:00 12 9 2 1
9:30 19 9 6 4
10 : 00 9 7 1 1
10 : 30 16 13 1 2
11: 00 20 13 1 6
11:30 15 9 1 2 3
12: 00 24 12 4 5 1 2
PS6h 6:30 6 1 4 1
7:00 9 5 3 1
7:30 0
8:00 4 2 1 1
8:30 14 8 1
9:00 13 1 12
9:30 5 2 1 2
10 : 00 6 2 1 3
10 : 30 7 1 3 3
11: 00 4 1 1 2
11: 30 1 1
12 : 00 3 1 2
PS7h 7:30 8 2 5 1
8:00 7 3 1 1
8:30 0
9:00 26 7 18 1
9:30 25 7 17 1
10 : 00 22 6 13 3
10 : 30 25 17 6 1 1
11: 00 26 12 12 2
11: 30 24 11 11 2
12 : 00 18 4 7 2 5
*1 PR; prophase, PM; prometaphase, M; metaphase, A; anaphase, T; telophase
*2 Abnormal embryos shown in Fig. 4G-]J.
Hefe | /t%, 73— 4 + A—%— (Ploidy Analyzer, " 2
=]

Partec, Germany) i< & %5 DNA ERIEICHEL 7o, XA
HOfEAROHMEED DNA &% 10020 L C,
FXHE 2> GABEOBEEHE LT - 7o E7z, FIRE
DREGENRCHMEOFE CHRATREYHEBEL, &
H, BEON TR ELEEERE (Olympus SZX-12)
ICEE LTV XA A5 (Olympus Camedia ¢-3030)
IZEDEEL 7,

TiERS LUERE A BAEBOZHEXRIL, #hF
1.93.9% (48/49), 100% (96/96) Ta -7z, Fig. 11
RY LI, ABORNBROAREKL, SHEHI08E
FTIHFIFL00% 2R L7, ZTOHB A IR LA
B, WBESBLABIGT 5 35 HEHOARKIL 84.6%
THoTo —h, ENABBEOEKREKIL, I0BEET
EF 100% &R L 72, FO%, ABARTEZRL .
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Survival rates (%)

L4t 2 2 0 4 & 2 4 2 & & $ & & & & & & i & & & A & 2 4 2 4 i i 4 I
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19 22 25 28 31 35

Days after fertilization

Fig. 1 Survival rates of the control and pressure-shock-treated groups.
®; Control, x; PS5h, O; PS5.5h, A; PS6h, o; PS6.5h, ¢; PS7h.

35 H HO4R =KL, PS5h, PS5.5h, PS6h B 23 #9 40 %
(Fh7hn 37.2%, 38.3%, 36.0%), PS6.5h, PS7hET
220% % FEI- 7 (ZhZh 18.9%, 14.0%), Zhlbl
BEOERRIIRI L7, ABHCREERELS
<, FEALBBILICES oo (HREBRE LN
HRE | HesR), BT E /2] FEo B KE
ZOREREL, #LE < BERKBLFNS TN TOMEES
FELL 72,

MRRDROET BFEZTHEIPOMBAFIBELD, %
KR 5 RERICHEN: « BEMEM AT OB G B (Fig. 2A) ¢
MR RS L 7caih g (Fig. 2B) 2@Exh, ©
D, FEa~ORB (Fig. 2C), #igEAO (Fig.
2D) &% T, 6 & D AEE EICRERIETIT S
g (Fig. 2E), 6.5 B L 0 Ptafk NI B E) ¢
LH%iAB (Fig. 2F), 7 RS CIREL & SREE A L 5
¥ (Fig. 2G) BEE I N/, MEEEOBRETIL
SERERE 7.5 BERIC 2 MR, 10.5 BRRSiC 4 fERaER, 12
RfEiC 8 MO hrEE s n/z (Fig. 3).

WEBBOINTHELZBE L L 25, FABF B
TR % 2-3 ReRIC 2 IR O HBL AR b n /e,
LaL, SHELZEBEET, 15502l
F—VDOE EFEIIERL 7o (Fig. 3), MEKD 2
ML, RRIE & FRICIFEE A RICHELET D
Bonich, eehirbdhnsic (Fig. 4A) g
IZf@ - 7-BE (Fig. 4B) & A Hh/z, PS5h BEDZHEH 9
RO T, 3Milee R REIEM (Fig. 4C) 44
% (2/50) ODRTRONI, TD kS k% MaYR
BB LR, 3 >ORLEOFEICKRE L 7N

#BEah, ZEo#sRI N/ (Fig.4D), ¥ H I
PS5h, PS6h, 3 L UPSTh#ICH\WT, AFHEL D
12T 5R2BE L7225, Mlasidres
BNZHETL T 505, IIEREATER S 13 ic s —INEIR
BICEEL TWzZ P 7, =, ABOSmSH
bR ON, PS6hBEOZKER 10 Rl 1 MARHIRIC %
WTEBZEINEBRG T, 4 >OpRLNMEABEL /-
WEOKEIPEL - TWWe (Fig. 4E, F), Ll Lol
I, BPHAEL 7o gtk Aieb g & S VE OIS B Ok
BiL 728k (Fig. 4G) *H OB FEERY THRAELT R
R EAROANPFEL /-@k (Fig. 4H), WR~OB
BOBER CREAO—IMAFER LI DRI N /B
(Fig. 4), JEHEBEREL TR HDB~DOLABEL
7@tk (Fig. 4]) 7z &, filasdRfssE T
BESEBLE R/ (Table 1),

IR DM BFEIE % 77 R Ot B O A
i3, EEBICBEDN, K&EIPH—OFBMRRIICEDS
hTwe, EEB#ilEs JUBRBMCIE, ig~<t
FYUVTERSINIHBELVEOEPED LI
(Fig. 5A), Th e RIFONTHEE R OMBEIL, AM
ik Th Bon7 (Fig. 5B), Lo LAEEICIT
M s EZMROomE BT HEY A 7k (Fig.
5C), EEMilaDA» Sk bk (Fig. 5D), #EMao
YA ABRTH—T, KB EH$ 5K L s A
B HNR» S 58 A4 7 (Fig. 5E), B
fa, #Edifa, KIUAR, NUMRO 2 THRIET HHE
(Fig. 5F) ZDORARBEEAED bhtc, ThOHDRKE
RoOmBSEEIL, 53.1% (PS6h#E) 7 571.4% (PS5h
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6:00 6:30  7:00 t

Time after fertilization

Fig. 2 First mitotic division and average initiation of cleavage in embryos of masu salmon (Oncorhynchus masou) stored at 10°C.
pn; pronuclei, sp; spindle pole, ne; nuclear envelope, s; spindle, ch; chromosome, a; aster, cf; cleavage furrow, dn; daughter

nuclei.

Table 2 Frequencies of normal and abnormal blastoderms (77 h after fertilization) developed from control and pressure-shock-

treated eggs at 5 to 7 h after fertilization.

Mosaic including

Mosaic including Mosaic inclusing

Tratment ey N gpesiedand | Anclog st el anf nucleted, nucee,
% micromeres (%) micromeres (%)
Cont. 26 24(92.3) 0 0 1(3.8) 1( 3.8)
PS5h 28 8(28.6) 6(21.4) 8(28.6) 1(3.6) 5(17.9)
PS55h 28 9(32.1) 6(21.4) 9(32.1) 0 4(14.3)
PS6h 32 15(46.9) 3(9.4) 5(15.6) 3(9.4) 6(18.8)
PS6.5h 26 9(34.6) 7(26.9) 4(15.4) 1(3.8) 5(19.2)
PS7h 26 12(46.2) 4(15.4) 4(15.4) 2(7.7) 4(15.4)

) Tho7 (Table 2),

PEEFRE ENEBHRE HBEE T, BREICKT 3
AR RIT 93.8% TH - 7=, WAL BIEDOMAES,
L, mE, BOBBIIEE Th-7c (Fig. 6A), Th
XL TABEBORBIICT 2GR EL,
PS5.5h 73 50.0%, PS6h 73 44.1% & xR & L C
EMEARL 7o BRICZRE 6.5 h IO MEBEE T,
3.3%, 0% L ABHER I N 5 RITED - 7o, AEBIRIT
WAL THENICEE EROoN T, d-MmBRoNk
n (Fig. 6B), 28T 584645#%< (Fig. 6C),
BEREROARTELME (Fig. 6D) »RDHON A, HER
(Fig. 6E), 4R (Fig. 6F) 23RO N/-REHETIL,
HE, OB RELTH -7,

S SBECIE, BAERE L /2E4ED 93.3%
MHfgk (Fig. 7A) T, BDITEZMSMHE (1.3~1.8n)

DREEAEBEETH > /oo BLIATIE, TN TOEGHEZ
24k CTH - 7= (Table 3), ZHICH L CAEBEORIEL
IZB T AEHME, B ST 5fEE (Fig. 7B) &7
o 7Bz T, B (3.2~3.8n) (Fig. 7C)
BLURMEBEYE (4.2~4.7n) (Fig. 7D) ORBAME S
LR AERMAR, ORI NS EY 4 7 EE (Fig.
TE~H) BEDONT/, REE TIHELGEHEEES S
<, BYA 7EGEOHTIE, EEERTE & EPERE T
POBRINDEY A 7 EHEOHBEEN EBHED -
7oo BLHATIE, BREMMEMA L YA 7 EEOHBRERS
ETL, MEEEOHBRERAR -7 (Table 3),

£ £

SEFERICHEL Y 7S AR, A BEEICEWT
BWEERMEONAC &, NBRBEOBRAEER L IER
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Table 3 Ploidy status of embryos developed from eggs with or without pressure shock (PS) treatment at eyed and hatching stage

Ploidy status determined by FCM (%)

No. of

Treatment be ggs | Stage ggr?elgi?’(%/;) Polyploid Aneuploid Mosaic
o ppoid et By T e o R ety

Cont. 32 Eyed*! 30(93.8) 28(93.3) 0 2(6.7) 0 0 0 0 0

— Hatch*? 22 22(100) 0 0 0 0 0 0 0
PS5h 181 Eyed 30(16.0) 0 20(66.7) 0 1(3.3) 7(23.3) 0 1( 3.3) 1(3.3)

— Hatch 9 0 9(100) O 0 0 0 0 0
PS55h 60 Eyed 30(50.0) 0 15(50.0) 0 6(20.0) 6(20.0) 1(3.3) 1(3.3) 1(3.3)

— Hatch 9 0 7(77.8) 0 2(22.2) 0 0 0 0
PS6h 68 Eyed 30(44.1) 0 17(56.7) 0 11(36.7) 0 0 2(6.7) 0

— Hatch 16 0 14(87.5) 0 1(6.3) 1(63) 0 0 0
PS6.5h 304 Eyed 10( 3.3) 0 2(20.0) 0 0 5(50.0) 1(10.0) 2(20.0) 0

— Hatch 0 — — — — — — - —
PS7h 288 Eyed 0 — — — — — — —

— Hatch 0 — — — — — — — —

*1. 17 days after fertilization, *2; 37 days after fertilization, *3; 1,3-1.8 n, *%; 3.2-3.8 n, *%; 4.2-4.7 n.

MHBERAEP- IO EAhD, WEBETFOEICH
BiImwdborEL2 O, ABEHEMTEA L EHT
BoloDITH L, SZHEESREHE» S 6 R ORIOED
MBI\ T, PSS 5 Vg GE ST A 7
BHENEWEE CTHE L2 00, B0
BRBD -7 EHL Oz, B Tid, ZHEEHSKR
M5 6 R —IREI ORI S licH 5 & h
5, CORITOMREIC XV INEIN R RANCRIE S h,
PAfEfABFR IN PRI Nz, HREEIEDIZDHD
PREPRIEORB R A IV 7%, £BR, REHOEFHE
WK, BMEBRER»OHE T2 &, &6 R T
DOMBEPERME &% 2 b, AT, MEEAFLZO
BRI ETR AL O TH LI E BB LI, ThE
T, BIRER4293% 5 Wik B O W g B —IR
£IBH 1 BIMEM: R ORI & & 2 Hh Qo dd, AT
i, WETNOBOMAERIC BT HEGEILICERDTH
STz, TOX DB, MENREFEE~OE—IPE
FHIEALER & IEH fEEANDZN EDENITEH DD,
BEEEGE SORBT % 7 —)IV L TERICEEL 22720
ZREINOM CRAEEBICENE L 12720 TH - =00t
KRR TETHTH > 70, %> T, FEEZINCHEL -
MDD X A4 IV 7 % S LIS+ 51203,
HEEORFAL 7o —RIFICHR T IR LT 52
EBMBELEZ LN, T, 5%, TOXD Y
AWAZ EiIC kD, MEEHCREMOSEFEEOHE
HE, MR, SO HBRE ICHRELRZENITD
LM%, MBOX A I VT LABBOREEDOBRICD
W TR LATREM DS 5 &£ 2 b,

MEFICIBNT, NEZFHAL VWIS E S RHSH

7oo 1 #BEHACHREI =1L ¢ 20T, MIFRES 2R
BELTWAEEZDLNS, FEIRPHE T 5RO
OET, BBICHEL 22 TOMKS, SHRIE & IZIFEL
WIS E TR L T, TOT EiE, ENAERS
SELERR L 7okt 12 R OB RS < B B 1 {AA
DORBIZH 505, ZORSHATET HATREMESE N C
LETRET S, 5T, JOKDRMBEOIVEIOE
3, HEEFRICEI AEREBREORATIZWEE L S,
FUBEBEORMYIML Tid, 25%~50% 5EH, EED
HNIER c BETTA 7R TH -7z, EBEMRE S
Lo, BrL0BBBETFRALTZVAD
mRNA £ 2 VNV BERPTETICRTT A0
LEZONS, 5T, TOLDREEREOBEIL, K
EBRROFERO—>:E2 b5, UEEOINENZ W
TEEINK, P& LB NEOBE LIC Wbl
TeREARE LU REEBRE L ThHORLEA
LT AN IIMRIL, Th T hERE, B e
EETTA VROHBICBRLRESHLEEZONS,
%72, ERTRDAPKREEEH T 5 KB &N
BT HPMNMEROTTF A JTRPAEFICA O/ &
X, BOIMMRE CINEIE SR g h G L 7 2 #ilg
O KE Ml &N D, ZoH%EhZhOMiRic
BWTHHEBET LD EEZLNDS, Tz, vyHR
FHZ & D BEHTREL L 7200 L EFIC L BZHE0Z RN
NOBGAEIZ &0 ABRICIEY L 2 ERROBE, T’
FERREHPTELET 5 2 EBMON TV B H, 2829 %
HfE o PIRREY A 7RI ERSAAFE L RV &
O R L E OB BUEBNIET L, S8ET YA
TRICRPDEEZDND, #-> TEAHREICE VT,

NI | -El ectronic Library Service



FreH

Bk, BEA, H, 1LIH,

ety of Fisheries Science

Soci
744

The Japanese

e
.

e-shock-treated groups just after pres-

/

m m £

ed in co

V//////%///
3 B

///////////////

observ

0%
100%
h 50%
0%

PS 5.5h =
PS 6.5h
ages

=
™~
72
o

Cont.
PS5
PS 6h

@; 1 cell, F3; 2 cell, ; 3 cell, @; 4 cell,

t
ure shock to 12 h after fertilization.

Fig. 3 Embryonics

D

[

% OEE

EBBEINTV 5,30

NI | -El ectronic Library Service

AEBERE T, BRECIRT/RIBRAL < RHNn7,

FUF 3 T, FBMARHEIEAEINC,

R R EIES R T %

WrT&E\,
H % Mkas

H

]

NEE:
BIL T, EB#ic

N DRI DORER N ED
SHRIZAEBEROMASHIC
HBIEPNETH S LEBbhi,

—



The Japanese Soci ety of Fisheries Science

Y75 AOMEGEFRICE DS BERYE 745

Fig. 4 Abnormal division observed in pressure-shock-
treated eggs.

A, B; 2 cell stage at which cleavage furrow was a lit-
tle (A) or extremely (B) shifted from the center of
blastoderm respectively, C; 3 cell stage, D; Cytological
observation of C, E; Tetrapolar division observed in 1
cell embryo (PS6h, 10 h after fertilization), F; Higher
magnification of rectangle in E, G; Embryo observed
two asters and chromosome fragment exists out of the Fig. 5 Photomicrographs of control and pressure-shock-

orbit of microtubule, H; Embryo observed only daugh-
ter nuckus, I; Embryo observed chromosome lagging,
J; Embryo observed chromosome nondisjunction. Ar-
rows indicate cleavage furrow, dn; daughter nucleus,
ch; chromosome, a, aster.

OB, ENUBEIC LD, FHEEEOALL LT,
SRR Z RS S NEDPEE S W 7R,
WRICAZE L CTO e ERAIRERFAEEICBEI L 2 < 7%
B EEZLNTNSSY H 275 ADIN BT 5
RIRTEDOBHEIS B 5 0 Tia\ s, H—IFEIRH (- 25,

treated embryos at blastula stage (77 h after fertiliza-
tion).

A; Control, B-F; Pressure-shock-treated embryos.
B; Normal, C; Mosaic including nucleated and
anuclear blastomeres, D; Anuclear blastula, E; Mosaic
including macromeres and micromeres, F; Mosaic in-
cluding nucleated, anuclear, macromeres and micro-
meres. Scale bars indicate 1 mm.
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Fig. 6 External appearances of hatching stage embryos from pressure shock treatment (37 days after fertilization).
A; Normal diploid embryo, B-F; Pressure-shock-treated embryos. B; Congestion of blood, C; Body flexure, D; Cephalic
defect, E; Cyclops, F; Truncated head. The chorion and the yolk sac were removed to observe the details of morphology. Ar-

rows indicate congestion of blood. Scale bars indicate 5 mm.
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Fig. 7 Flow cytometric histograms for DNA content of eyed or hatchinged embryos.
A; Normal diploid embryo with 2C DNA content, B-H; Embryos treated with hydrostatic pressure. B; Tetraploid embryo with
4C DNA content, C; Hypotetraploid embryo with 3.5C DNA content, D; Hypertetraploid embryo with 4.3C DNA content, E;
diploid/tetraploid mosaic embryo with both 2C and 4C DNA contents, F; Hypotetraploid/tetraploid mosaic embryo with both
3.4C and 4C DNA contents, G; Tetraploid and hypertetraploid mosaic embryos with both 4C and 4.3C DNA contents, H;
Hypotetraploid/Hypertetraploid mosaic embryos with both 3.6C and 4.5C DNA contents.
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