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Ploidies of Gametes Produced by Putative Tetraploid Amago
Salmon Induced by Inhibition of the First Cleavage

Masaru YaMaki? and Katsutoshi Arar?

Abstract

In amago salmon Oncorhynchus masou ishikawae, hydrostatic pressure shock (650 kg/
cm? 6 min duration) was made to inhibit the first cleavage in the period from 4 to 7 hours
after fertilization. Putative tetraploids were selected by investigating maximum nucleoli
number in the fish developed from the treatment. When 33 putative tetraploids (18 females,
15 males) were flow-cytometrically examined for DNA content of erythrocytes in the spawn-
ing season, 30 fish were diploids but the one male was tetraploid or near tetraploid and the
two fish (one female, one male) were diploid-tetraploid mosaics. Erythrocyte measurements
in these fish revealed that 14 fish (8 females, 6 males) including two mosaics showed a small
proportion of large erythrocytes (nuclear size 9.8-11.2 xm, 0.1-13.09,) other than normal
erythrocytes (6.7-7.7 um). The tetraploid male gave erythrocytes with intermediate nuclear
size (8.7 ym). Its spermatozoa were larger (3.8 zm) than those (2.9-3.3 4m) of normal
diploid amago salmon. Determination of ploidies in progenies of the tetraploid male
suggests the production of diploid or near diploid spermatozoa in its testis. The diploid-
tetraploid mosaic female which had two types of erythrocytes, laid very small number of
large eggs (diameter 12 mm) and such eggs might be diploid judging from ploidies of the
resultant progenies. Thus, most putative tetraploids show diploid-tetraploid mosaicisms in
different organs including gonads and diploid gametes can be generated from tetraploid germ
cells in mosaic gonads.
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THE AR L O R LR ERRIE L OfASbYIC L D EEREROHER - BEOM, AEE, N
EEEQEREREAOER I bEATE S (Chourrout and Nakayama, 1987; Diter, et al,
1988 ; Thorgaard et al., 1990 ; Arai et al. 1999), BLED X 5 iz, AEMFEOELBRIZEET
HoY, KEBBECBIT2EHOEMIRLL, BOTERTHLLELIONS,

WA S (1997) i, 7 < Oncorhynchus masou ishikawae ZHEIN % FHKELE L, ERU I
2 DRSO B 5 /MR 4 12 & D BRI L - VIfEEREIC DT, ARIMERE DNA &3 & ORI
BRY 4 A h S BEEOBRELT o7, ZOER, Ths0% L GIEERT, TLREEEEE
BEWIE SRk o o0, RN L EARII 2 fre RO T A o BRSO BEEL, &
51z, ThSOIMEHAEROGEET ML BEETOXRICE Y, ZEEOMc EFHESERC
WIS 2SS B 2 L ERH UL (IUARED, 1999), 20 Lk, BMER4 2T ERAD
etk A RO R EE L, AL FEEETOZHEIC LY ZAEsMER S hz
ZEERWT S, fo T, MSEEGENEITESEETH- TH, SRS EF NSt
PA 2 Lo T3 EEO fSHREEFEFRATS Ik, XK THBEEERTE 5]
BEMEASR S Nulz,

LTI 7 ~ T2k, B—IREREIbw & D EL 2 BER/IMER 4 2RI B SRR %
SRR REE - BE TSR TUSEEY A 2 ko> Tw b EEEL, NIRRT ORE,
B 5 IR TIHERER & TS L ORI kR EREASbE 3 I itk DEFEFEEHL &
3 Llze LT, REFHROMLEENMD S IUEERRBOES T 2RET IOV THEEEEREL
72o

HHEELUFE
#HEm
HEr LT, BRERFMTEAIMEE 7 ~ T BEEO 7 v TR EHA L, AR THWET
< TR 1997 SRS K EAMEE (ILAEZD, 1999) 055, £FBR U 6 7 ARfEADE

%30 U Carman et al. (1992) D75k TSI L 728/ MR D VW THIBR D B % i/ IMES0S
4 %R LI B EETH S,

B HRIER

B & 0 R L - D & BRI MR HEER 2 ER L, ¥FLV§REaRK, EF4F370
A—%— (VM-60, Olympus) % Fiv> T &{E 50 A EDRMERI DWW THEELZHE L, &
72, A XORL ZRMRPIBEINIEES, BELLBEEISZOHEEFEL L,

¥ DNA B

HAEIRE D DNA B 7o —+%4 b A bV — (FOM) 0¥ = LT, I, BTFB L CRREEFERA
Ui, S & T i lass ms (Bagle's MEM) TREE 7V a—n (T0%) BEEL
TrbD%E, EKRERZ I ZINV T (28— EifE=3:1) BEELXEHW, ZDNAE
DR RBE A7 <~ TOME e B E LT, B AER3E+ v b (Partec) % \v>T DAPI
(4, 6-diamidino-2-phenylindole) ik, 7u—H4 b 2 —% — (PA, Partec) 2V TITo7,

B SBREDE S, 50um DAy Yo TEHBL THREDHERE L DS L L.

¥ X0RIE
TR DBECR I SR L 7z iR O — % 10% k< Y Y CEEL, 100 oYLy AT TET
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A EraRA—F—-2nT, &EKYLY 50 EFOERER (EE) 2H8EL,

PSR TR DA

U AR X BVEE R 21TV, B T\ 3 {HED & ERTRERICHE L o, KRR IS
HEHARL, RNEERERACEELE T ARET2HE > TTRORBHFRELEAGLE T
Folz, THbb, BENOMNEEEBABEETC L 2EBROBKEBLE (5HE 8 5%, 27C,
23 53[), H BV I ERREAMBOEANORINGRBEE T (N ITHBE (5180, 1987) 100 {5
TR, LIHRBEEER 5,400 erg/mm?, DIT UV BT B8 T) X 2 BEHROBEKRMLE I L 50
EREHRIETDH 2,

RECEBE, HEKEBAOKE, A8, £HRERBOHE 2TV, BRLMEEBEFEE
DNA BEflEZ o Bt d L.

1999 £ 11 A 1 Hi MfSAEmHA O 12 Efk (4nM#1-12) 35,11 5 9 Hid#E 10 Bk (4 nF #
1-10) HE2 AR (4nM#£13,14), 11 A 12 HiTi3 4 4k 4 n#F11-14) 1 @& (4nM#
15), 7 L7 11 H 20 Bic i3 4 fEF (4n# F15-18) ONfSAKRERMANELERRALZOT, T
MOZEIEER Exps. 1-4 21T > 72,

Exp. 1 T3, BH {55 9 & (20F #1-9) 5L 72I0%E 77—V LT 18 ORI, #
WAL S LB L 228 (2nX2n) L UEEREAE 12EE 4aM41-12) ©
BRI OFMUIETFIC L 528 (2nX4n) 2fTo7, ZOF, BoT4nME L HERFETE 4
nM#FIOBFCERE LXK EBA LR (#10+11), SRXOZHME 2451, —HEkENLEZ
To7 (2nx2n/HS, 2nx4n/HS),

Exp. 2 Tid, BEH 40 (2nF #10,11) B3ROIFB & ISR AME (4 nF 41-10) &E
i SEE L7200 UVIET 288 U7 (20X UV, 40xXUV), SEEHEOZSHEII%Z 2431, —
F i EABME T -7 (2nxUV/HS, 4nxUV/HS), %7, MEHEHAMYIEE 4nF#1-
3,5-10) DOIID—ERIL ISR ANE 2 BifE (4nM#13,14) ERELIz (4nxX4n)

Exp. 3 Tid, MfEAEmAaME 2 EE (4nF#11,12) B X O LEAE (40M#15) L@FEEE
FOMERE 20F # 12, 20M # 3) % f v T ERIC REDESR & PR B E2T o7 (4nX4n, 40XUV/
HS, 2nx4n/HS, 20x UV, 2nx UV/HS),

Exp. 4 T3, MEAEHANYE 4 k0 > 5 3 Hk (4nF 415,16, 18) » STIMNERTE DT,
SEE s (2oM#4) LR LT (4nX2n),

REFHEOEBRIIEEABH 300°C- AR O FHRINE» SR T2, 2 ORY, EFFRPOL
R EFiRO FCM iz X 2 &S8R E LIz,

5 F
PO R R

A OB ORSB/IMER 4 @ X 0 EAI L 7z 1997 FEE 7 ~ TIUEHRFA A 75 EE (U
ARiEd, 1999) D5 B, RWEE (19994 11 A) KARKRL Twiz 33 E 4 (8 18, H15, &KX
44.0%) DOEEEIEOFER % Table 1 1277, S EREAR 15 @EOFHERIE 341172 cm
(19.5-44.5 cm), EHIfAKE L 792.0+346.0 g (220-1,411 g), P4 REIRBEIEH (GS]) i3 2.2+
89 (0.5-3.1) TH-o7z, H4nM# 11 DS (19.5cm), AE (220g), GSI(0.5) IFUEHEHA
HhgbL/IS L, FELEMT TR ERLE (Fig. 1),

PO R A 18 Bk 5 B 15 ffifE (4nF #1-12, 15, 16, 18) »» & IREIISEINT & 7228, 3
% (4nF #13,14,17) DS 7-ERBTH - 72, Th ol 18 AiEDOFHEE, FEB L
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Table 1. Body length, body weight, gonad weight and gonad somatic index (GSI) in putative
tetraploid amago salmon.

Parent Fish Body length Body weight Gonad weight GSI*!
Ploidy Sex # (cm) (8 (8 (%)

2n Male 1 37.0 780 24 31
Female 10 34.5 534 106 19.9
11 30.4 563 133 24.1

Mean+8.D. 3256+29 543.5+13.4 119.5£19.1 22.0+3.0
4n*? Male 1 42.5 1139 22 1.9
2 40.0 1134 24 2.1
3 33.5 711 21 3.0
4 3.5 827 25 2.9
5 29.5 755 21 2.8
6 370 761 19 2.5
7 41.0 1232 31 2.5
8 28.5 554 10 18
9 39.0 1044 27 2.9
10 445 1411 27 19
11 19.5 220 1 0.5
12 23.6 241 3 1.2
13 33.5 573 10 1.7
14 36.5 693 13 1.9
15 28.2 585 18 31

Mean+8.D. 341172 792.0+346.0 18.1+8.9 22+0.7
Female 1 36.5 890 205 23.0
2 30.5 568 112 19.8
3 29.5 796 196 24.6
4 29.5 369 54 14.6
5 345 750 128 171
6 27.0 6569 194 29.4
7 36.0 835 92 11.0
8 425 1186 293 24.7
9 37.5 999 204 20.4
10 24.0 398 91 22.9
11 35.1 1060 163 15.4

12 345 1010 N.D.»* —
13 24.5 640 140*¢ 21.9
14 33.0 705 120*4 17.0
15 335 930 150 16.1
16 24.2 420 54 12.9
17 39.2 1540 N.D.*® —

18 33.6 1050 63*° 6.0

Mean+8.D. 32.6+5.3 822.5+300.0 141.2+65.9 18.7+6.0

*! Gonad weight/body weight X 100.

*2 Putative tetraploidy determined by maximum four nucleoli at the juvenile stage.
*3 No data

*4 Unmatured eggs.

*5 No eggs were obtained due to unovulation.

*s Over-rippen eggs.
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Fig. 1. External appearence of a putative tetraploid amago salmon male 4 nM #11. Scale
indicates 10 cm.

GSI (4nF #12,17 £ <) &, #h 7 325+5.3 cm (24.0-39.2 cm), 822.5+300.0 g (369-1,540
g), 18.7£6.0 (11.0-24.7) Thozo TN S DOEITEFE ZfE5EME 2 [AfE (2nF 410,11) OFHEE
(325+£29cm), fafkdE (543.5=134g) B LU GSI (22.0£3.0) L KEL 572,

SRR ANk DNA 8

FRIMEAEE DNA 812 & 2 5850 % Table 2 127n 3, #ff 4 nM# 11 13018 & L7 =54 (Fig. 2a)
DO 34% DNA & (99.1, CV 2.3%) O#—fFD DNA & (2019, CV3.8%,) 25§ I s, MUfE
HREHEL S 5 (Fig 2b), &7z, M 4 nF # 13 130408 & B U Z5EME (1040, CV 1.7%) offiz,
%0 DNA B 2¢O #oluEAEGR (2101, CV 1.3%,) BRehizZ Lo s (Fig 2¢), =
fEE—UfEEE 14 2 SHE LI, 4 oM #13 b [FRkO _GE—NEEEF A 7 EER LI &
D OUUEAER A 30 BRI B EA0Z DNA &% L v DNA &% b ofllans 2E 452
BETH T2,

SRR ORMERY 1 X

PO AARERE 33 D S B, WIS X D RMERY 4 XHBEETE Lo 4nM 48 25
32 {2 D TRIMBAEREE 2 JIE L7z (Table 2),

HETEMAE (4nM#£23,5,6,9,12,14) L 10 @& (4nF#1,4,6,8-11,14,16,17) O EHE
& (6.5-7.9 ym) IR (5 (7.2-8.0 ym) OFRIMBKLIFFRUCKRE S TH o7z, Y O 6 {E
i (4nM#1,4,7,10,13,15) i 8 fE{& (4nF#2,3,5,7,12,13,15,18) TI3, MNEfEEA LR
UK = S OFRIMEK (6.7-7.5 pm) Oz P OKBOFRMIR (9.8-11.9 ym) HEE s hiz (Fig
3a)o

ABOARMIKIZBEBSFBHEZ I L VHRCRAT 2L TELZDT, KE2SDEL2 2HED
ARMERHBE S N5 14 BEFCO0 T, BEL 2 TH» 5 KERMIBRO L E/E L (BhEHR
AARIMEREL ; Py 1,875, #iPH 697-3,382 ), Z DM, RBUIRIMIKO HEEH 10% U ED b O
M2 (HE4nMEL, M4nF#13), 1-109% D b D H T{E A (HE4nM#4,7, 10,13, 15, M
4nF #12,15), 1% KD b DAY 5 (@ (M 4nF#2,3,5,7,18) T, 14 {@FEOREFRIIBRHIRFR
Ty 3.6% THoTz,

POfE AR AR 4 nM 4 1112 B80T, SERMIRBERE (8.7 pm) BHRIMEE LD KE» o7
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Table 2. Ploidies estimated by DNA content and major diameter of erythrocyte nuclei in
normal diploid and putative tetraploid amago salmon.

Major diameter of :
Parents Fish flgidzl eryiljh(; og;oes erythrocyte nucleus (xm)*? Pf;fgzrf;io;; (f £
Ploidy  Sex B stas mesured Normal*® Large**  crythrocyte (%)
2n Male 1 2n 50 8.040.59 — 0
2 2n 50 7.4+0.39 — 0
3 N.D.*¢ 50 7.61+0.71 — 0
Female 10 2n 50 7.2+0.49 - 0
4n*s Male 1 2n 70 7.0+0.79 11.2+0.77 13.0 (2468)*°
2 2n 50 7.1+0.53 — 0
3 2n 50 6.740.44 — 0
4 2n 70 6.7+0.72 10.81+0.76 3.2 (3635)
5 2n 50 6.5+0.46 — 0
6 2n 50 6.8+0.45 — 0
7 2n 70 7.340.43 10.5+0.96 2.0 (3382)
8 2n N.D.*¢ — — —
9 2n 50 7.3+0.52 — 0
10 2n 70 7.14+0.47 10.4+0.63 3.2 (2371)
11 4in 68 8.740.77 — 0
12 2n 50 7.3+0.51 — 0
13 2n/4n*" 100 7.140.565 11.9+413.22 6.1 (2056)
14 2n 50 7.7+0.49 — 0
15 2n 50 7.1+0.68 10.24-0.86 1.5 (1373)
Female 1 2n 50 7.1+£0.52 — 0
2 2n 61 7.2+043 10.7+0.68 0.1 (919)
3 2n 55 7.5+0.42 10.04-0.54 0.3 (1037)
4 2n 50 7.9+0.36 — 0
5 2n 73 6.9+0.40 10.0+-0.80 0.2 (1037)
6 2n 50 7.94+0.48 — 0
7 2n 71 724044 10.3+0.72 0.2 (1571)
8 2n 50 7.3+043 — 0
9 2n 50 6.9+0.49 — 0
10 2n 50 7.0+£0.42 — 0
11 2n 50 6.8+0.53 — 0
12 2n 5 7.0+0.51 11.0+£0.89 5.6 (2799)
13 2n/4n*7 250 6.7+0.70 10.5+0.65 11.4 (1530)
14 2n 50 7.2+0.65 — 0
15 2n 70 7.0+0.69 9.840.89 1.9 (697)
16 2n 50 7.3+0.49 — 0
17 2n 50 7.7+0.49 — 0
18 2n 70 7.0+0.53 9.9+0.58 0.3 (1378)
*! Based on DNA contents of erythrocytes determined by flow cytometry.
*2Mean + S.D.

*3 Normal-sized erythrocyte nucleus.

*4 Large-sized erythrocyte nucleus.

*s Putative tetraploidy determined by maximum four nucleoli at the juvenile stage.
*¢ No data.

*7 Diploid-tetraploid mosaic.

*8 No data due to hemolysis.

*® Parenthesis denotes no. of total erythrocytes counted (1009%,).
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Fig. 2. Flow cytometric histograms for DNA content of normal diploid (a), tetraploid, 4
nM# 11 (b) and diploid-tetraploid mosaic, 4 nF # 13 (c).

5, ABRMBRE D 3 o7z (Fig. 3b),

BFoyA X g

VS AR A 15 (BB SR U R Ic oW Tl DNA BHE» o, EHM2H5lys 2 &
NTEEhol, 2T, NSEBREAR 15 @E» SEMLUETFORN, 13E#E (4oM#1-12,
15) DWW TEFESORIE 2T -7 (Table 3) 4 nM#11,12 8 X U715 @ 3 a2 K< 10E
HOBFEEER (3.0-3.2 ym) INBEFE7 <7 20M41) HROETF (3.0-31um, Fig
da) EER o7 (p>001), BY 3fEE4E 4nM#11,12,16) OB FEIFOIE (3.3-3.8 um,
Fig. 4b) B3 EEWKE ol (p<0.0l),

FROEFRE L a8
TS AR A ORET £ - L RREROFRE L L UIME O % Table 4 12K,
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7~

Fig. 3. Erythrocytes of the putative diploid-tetraploid mosaic (a) and the tetraploid (b)
amago salmon. (a) Both normal and a few large-sized erythrocytes observed in 4 nF # 13 ;
(b) Middle-sized erythrocytes observed in 4nM#11. Arrowheads indicate large-sized
erythrocyte. Scale indicates 10 zm.

Table 3. Size of sparmatozoa in male amago salmon used.

Sample Tish Length of sparm. head width (zm) No. of sparm.
Ploidy Sex # Range of min. to max. Mean + S.D. meaamiter

2n Male 1 2.4-3.4 3.03+0.27a*? 50
2 2.4-3.6 3.08+0.29a 50
4n*! Male 1 2.4-3.4 3.13+0.26a 50
2 2.4-3.6 3.05+0.25a 50
3 2.4-34 3.06+0.22a 50
4 2.4-3.6 3.08+0.28a 50
5 2.2-3.2 2.91+0.23a 50
6 2.2-3.6 3.01+0.27a 50
T 2.2-3.4 2.96+0.24a 50
8 2.4-3.8 3.00+0.28a 50
9 2.4-3.6 3.15+0.27a 50
10 2.6-3.6 3.06+0.20a 50
11 3.0-4.8 3.81+0.37b 50
12 2.4-4.0 3.29+0.29b 50

13 — — N.D.*3
14 — — N.D.
15 2.8-3.6 3.31+0.20b 50

*1 Putative tetraploidy determined by maximum four nucleoli at the juvenile stage.
*2 Different superscript letters denote significant differences (p <0.01).
*¢ No data.
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Fig. 4. Spermatozoa of diploid (a) and putative tetraploid, 4 nM # 11 (b). Scale indicates 10
4.

1. 2nX2n

ZEEROMIE & UTiT-208E ZEER T OZRK (2nX2n) OFEIRINC BT 2 EHFRIE
% 86.3% (Exp.1) £ L 1°89.8% (Exp.2) &<, HHLLMEBEFICRE I o7, 272,
FEL-FEIZ TN TEE (Fig ba) TH-o T,

2. 2nX2n/HS

HEINOZREIN HARLE ET 572X (2nx2n/HS, Exp. 1) OFIREIL 62.3%, & EHEZE
K (2nX2n) KHRTET U, BERXEINOEKELEK (2nx2n/HS) »5EUIE (16
fEfE) 139 ~TEEE (Fig. 5b) TH -7z,

3. 2nXUV

BENE UVETFTEETL2X 2nxUV) »o 13, IEE2BRINEHEY T, EEFRNO A
»nEen (Exp. 2, 70.1%; Exp. 3, 14.6%,), L5 EET~ Tk (Fig be) TH-
T&s

4. 2nXUV/HS

UV 7 CHRBZ2ICSKELE 2T 72X (2nxXUV/HS) Tid, BEFRIIOLIRFLZFL <
WAL, EHZFRMSECT (Exp. 2,80.5%; Exp.3,200%). Zh o EFEFERDEME (11 1)
T RT S (Fig. 5d) TH -7,

5. 2nX4n

BHE SO I 2 SRR AEOR T CHE L7 X (2nx4n) OFREE, Exp. 1 TH,
4 nM#6 FEDFRRT 39.7% &Ko izh8, fhi 61.8-91.7% (Fi571.2%) :&Emoi-, FfE
DR EIT- 7z Bxp. 2 Tld, ME4nM#13 OIFHEFEREL 97.0% @b o7z, H4nM#i 1413
T1% L& o7, THHAAEED 5 E U IEEFHKIRR I D TRHEEEEOHAEETT o/, #AEL
72 105 {EtAD 5 &, M4 nM #5 OF 5 1 EES L HE— ST 1 7 (Fig.be) Th-o7z5, B
DRITRTEHRTH- 12,

6. 2nX4n/HS

O % ARG A 13 iR (4nM#1-12,15) O F TS L TEKBLER 217572 X
(2nx4n/HS) OFIRKIL, #4aM#1-12 (Exp. 1) Tid 32.3-74.7% (FFHI55.0%) L b, &
miziT oD, HADMEL 2BHA LK (Exp. 3) 613, EFEFRERIMSLE U LH -1,
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Table 4. Rate of eyed eggs and ploidy status based on DNA content by flow cytometry in the cross experiments in which putative tetraploiy.

Exp Parents # No. of Eyed Normal Ploidy** No. of
’ Cross embryos embryos embryos

# Female Male eggs used (%)* (%)*? In 2n 3n Mosaic Aneuploid examined
1 2nx2n 2nF#1-9 2nM#1 248 86.3 100 0 15 0 0 0 15
2nx2n/H8** 2nF#1-9 2nM#1 257 62.3 100 0 0 16 0 0 16
2nx4n 2nF#1-9 4nM#1 2176 62.0 100 0 5 0 0 0 5
4nM#2 124 71.8 100 0O 5 0 O 0 5
4nM#3 165 61.8 100 0O 5 0 0 0 5
4nMy4 240 71.5 100 0O 5 0 0 0 b
4nM#5 181 91.7 100 0 4 0 1(In/2n)*® 0 5
4nM#6 247 39.7 100 0O 5 0 O 0 5
4nM#7 204 814 100 0 5 0 0 0 5
4nM#8 122 80.3 100 0 5 0 0 0 5
4nM#9 158 842 100 0 5 o0 o0 0 b
4nM#10 269 89.2 100 0 5 0 0 0 5
4nM#10+11 339 86.1 100 0O 5 o0 0 0 5
4nM#12 173 87.3 100 o 5 0 0 0 5
2nFx4n/HS 2nF#1-9 4nM#1 2009 68.9 100 o 1 29 0 0 30
4nM#2 306 32.3 100 0 1 3 0 0 31
4nM#3 414 53.6 100 ¢ 0 3 0 0 30
4nMp4 754 58.5 100 1 3 26 0 0 30
4nM#5 291 344 100 0 0 3 o0 0 30
4nM#6 786 73.2 100 0O 0 29 0 0 29
4nMy7 238 59.7 100 0 1 29 0 0 30
4nM#8 405 484 100 0O 0 3 o 0 30
4nM#9 253 423 100 o 1 29 0 0 30
4nM#10 807 59.5 100 0 0 3 o0 0 30
4nM#10+11 643 4.7 100 0 0 37 12n/4n) 2 (Hyper 2n, 40

hyper 3n)

4nM#12 284 54.2 100 0 0 19 1(2n/3n) 1(Hyper 2n) 20
2  2nXx2n 2nF#10+11 2nM#2 166 89.8 98.0 0 10 o0 0 0 10
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Table4. (Continued)
Ex Parents # No. of Eyed Normal Ploidy*: No. of
#p ’ Cross egs used embryos embryos - - embryos
Female Male 8gs (%)*! (%)*? In 2n 3n Mosaic Aneuploid examined
2nx UV*s 2nF#10+11 2nM#2 127 70.1 0 5 0 0 O 0 b
20 xUV/HS  2nF#10+11 2nM#2 194 448 80.5 o 9 0 O 0 9
4nx UV 4nF41 2nMy2 424 56.4 1.3 1 2 0 0 0 3
4nF#2 278 57.6 0 4 0 0 O 0 14
4nF43 309 74.8 ] - = = = — N.D.»
4nF§4 172 5.2 11.1 0 1 0 0 0 1
4nF#5 295 32.2 11 - = = - 0 N.D.
4nF46 414 22.2 33 1 2 0 0 0 3
4nFy7 161 16.1 3.8 0 1* 0 0 0 1
4nF#8 577 72.1 0 - = — — N.D.
4nFHo 411 76.2 0 - = = - — N.D.
4nF#10 31 25.7 2.5 1 1 0 o© 0 2
4nxUV/HS 4nF§l 2nM#2 869 24.3 73.9 0 25 0 0 0 25
4nF#2 573 175 45.0 0 18 0 O 0 16
4nF#3 973 25.9 36.1 0 26 0 O 0 26
4nFy4 347 0 0 - - = = 0 N.D.
4nF#5 745 23.5 52.6 0 27 0 0 0 27
4nF46 789 18.0 86.6 0 20 0 O 0 20
4nF47 228 13 100 0o 3 0 O 0 20
4nF#8 562 25.3 86.6 0 38 0 2(In/2n/3nm, 0 40
hypo 2n/2n)
4nF#9 896 15.6 72.9 0 18 0 0 0 18
4nF#10 457 182 48.2 0 12 0 o 0 12
2nx4n 2nF#10+11 4nM#13 428 85.3 97.0 0 34 0 O 0 34
4nMy#14 508 58.5 (& 0 15 0 0 0 15
4nx4n 4nF#1 4nM#13 348 76.1 95.1 0 27 2 0 1 (Hypo 2n) 30
4nF#2 196 75.0 95.2 0 29 1 1(ln/3n) 0 31
4nF#3 169 76.3 75.2 0 32 0 o0 0 32
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Table4. (Continued)
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Ex Parents # No. of Eyed Normal Ploidy*? No. of
p- Cross egos used embryos embryos - - embryos
Female Male 888 (%)*! (%)*? In 2n 3n Mosaic Aneuploid examined
4nFH#5 125 40.8 54.9 0 186 0 0 0 16
4nF#6 148 419 83.9 0 24 0 O ] 24
4nF#7 95 18.9 71.8 0 12 1** 1(2n/3n) 0 14
4nF#8 224 83.5 63.1 0 3 o0 O 0 36
4nF#9 290 52.4 70.4 0 32 o0 o0 0 32
4nF#10 115 74.8 84.9 0 20 0 0 0 20
4nx4n 4nFyl 4nMy14 344 61.9 6.6 0 12 0 0 0 12
4nF#2 161 34.2 7.3 0 4 0 o0 0 4
4nF#3 250 72.4 88 0 18 0 O 0 16
4nF#5 150 30.0 4.4 0 2 0 0 0 2
4nF§6 163 30.7 6.0 0o 3 0 0 0 3
4nF#7 106 14.2 6.7 0 1 0 0 0 1
4nF#8 279 64.5 2.8 0 5 0 o0 0 5
4nF#9 352 13.9 14.3 o 7 0 0 0 7
4nF#10 188 72.9 2.9 0o 4 o o0 0 4
2nx UV 2nF}12 2nM#3 294 14.6 0 - - N.D.
2nxUV/HS 2nF§12 2nM#3 297 34 20.0 2 0 0 2
2nx 4n/HS 2nF#12 4nM#15 594 0.3 0 - - - - - N.D.
4nxUV/HS 4nF#ll 2nM#3 416 0 0 - - - - ND.
4nF#12 1080 1.2 76.9 0 12 0 O 0 12
4nx4n 4nF§11 4nM#15 665 0 0 - - - - N.D.
4nF#12 1339 0 0 - - - - - N.D.
4nx2n 4nFy15 2nM#4 1225 2.0 100 0 20 0 0 0 20
4nF#16 1183 29.0 99.4 0 20 0 0 0 20
4nF#18 574 0.7 100 0 4 0 0 0 4

*! Relative to no. of eggs used (100%,). *?Relative to no. of eyed eggs examined (100%,). *3 Flow cytometry for DNA content of eyed embryo.
** Heat shock treatments by 27°C temperature, 23 min duration, 8 min after fertilization. *° Parenthesis indicates ploidy status.
*¢ Fertilized with UV irradiated sperm. *” No data. *® Diameter of the egg was about 12 mm.,
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Fig. 5. Flow cytometric histograms for DNA of eyed embryos from putative tetraploid males.
(a) control diploid from 2nF #1-9x2nM#1; (b) triploid from 2nF#1-9x2nMy#1/
HS; (c) haploid from 2 nF # 10+ 11xUV; (d) diploid from 2 nF # 10411 xUV/HS; (e)
haploid-diploid mosaic from 2 nF # 1-9x4 nM #5; (f-h) hyperdiploid, hypertriploid, and
diploid-tetraploid mosaic from 2 nF # 1-9x 4 nM # 10+ 11/HS, respectively.

2nx4n/HS REEKX (Exps. 1,3) OFERIE 360 Rz D\ TELEMTE 21T - 1R, 349 ik
(96.9%) IX=MEKTH - 7208, M4 oM # 4 BOE 80k 1 EE, #4nM#1,2,4,79 HK
DI ZfE4 T, B 40M 4 10+ 11 fROFEEIC B & (Fig. 5f), @=1%4 (Fig.bg) &
kO fEtk—mfEgE 4 2 (Fig. bh) & 1 @BESBEEI LT,

7. 4nX2n

3 Btk O A RFEAME (4nF #15,16,18) O EE _EHHEOBEFTREL K (4nX2
n, Exp. 4) OFRMEIZ, 0.7-29.0% (P 10.6%) LE»-7z, I ORDIEHEFRIVOEEL 5~
TfE R Th -7,

8. 4nXUV

VU i fi Rt ot 10 {E4K (4nF 4 1-10) BSEA L% UVETCHERELZX (4nxXUV, Exp.
2) BWTIR, RERBESE - 7205, 6 BEOH (40F #£1,4-7,10) 2o R I PBOEEH
RIS o iz (FEIRR 1.1-11.19%,, 35 3.9%). CH S IEHRIRE 24 Efk (4nF#1,2,4,6,7,10

— 147 —



Number of cells

females.

b K & E & #H 51(3), 2000.
>(a TEREERE e TRE R R
. i . o
~lb . TRGAEF Tt TRGREFY
i )LA e e )LJ .
e TEREREE g TR ®
TR T .,.J..\r_..“:,--m::.
=7 TRH LB E

Channel number

Fig.6. Flow cytometric histograms for DNA of eyed embryos from putative tetraploid
(a) diploid from 4 nF #7xUV; (b,
hypodiploid-diploid mossic from 4 nF # 8 X UV/HS; (d) hypodiploid from 4 nF # 1 x 4 nM
#13; (e) haploid-triploid mosaic from 4nF #2x4nM#13; (f) diploid-triploid mosaic
from 4 nF # Tx4 nM #13; (g) triploid from 4 nF # 7x4 nM # 13.
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¢) haploid-diploid-triploid

and

H3K) KOV TREBMEORE R T 1SR, M4nF#2 OFRIET T EBETH 7208, M4
nF#1,86 B LU0 OFHD & 3Pk L EEROMEVRETE 2, £/, B4nF#7 kD=
Bt &R IE (Fig 6a) ORI 12mm LB sk E Do, 20X D RABOINIZfbo
B HERT 220800 (JIF Tmm) KBS 5T,

9. 4nXUV/HS

PUfSEIRFEAME 12 fEE UnF#1-12) DFhZFhOME UVETRE X 2 BB SAkRLE
2fTo7K (4nxUV/HS) kT, H4nF#1-10 (Exp.2) OIE%FKRE L 0-100%, (E#
60.2%) L RAKBAEEITORPoLRCHRTHEL, H4nF #1155 012 (Exp.3) OF
RBRED» 572 (0,1.2%), FEABMER S S4E U RIRINC DL CEREREE 2T 25,
199 DIRED 5 5 197 (99.9%) BfEETH o7, LrL, ME4nF #8 OFHRTCIiEEtk——fz
F—=fEE Y1 7 (Fig. 6b) L{EZfEE— (AT ¥ 1 7 (Fig 6c) &2 1 FEEEI NI,
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10. 4nX4n

A EHAR L ORE (4nX4n) % 2 E{To /2.0 9@k (4nF 41-3,5-10) OIFEHE 4 nM
#13 £ 4nM# 14 OFFTEX R L7 HE (Exp. 2), RREROIEFERIRRIH 4 M #13 2 H
W BETIE R 2 54.9-95.29, (EIY 77.8%,), HE4nM#14 2 FW/-BTE, 2.9-14.3% (F6.6%,)
ERD,HEAOME LS CHRT AHOEERBERSE Lo I M4nF#11 BL 12 2 4nM#15
TRE L Exp. 3 56 3HRIWIZEC o7,

ZORIKT, M4nF#1-3,5-12 P L 4 nM # 13, 14 OB T TREL 728 (Bxp.2) »5 0
AFRIBRESE STz, FEL IR 289 HED > b 4 nM # 13 O T5H» 5 O AZEE 4 E i, FH
5B L U B —ZEEE 4 7 85 LEEEE S h, B’ O 4nM# 13 Bk O
LHEADM# 14 HROMEII T RTIMBETH o1z, Thbb, B4nM#13 L#E40F#1 OO
RETHR (30 {E{F) »» S E {5 1 ik (Fig. 6d) & =542 @A, H4nM#13 Lig4nF 420D
RoOXEFHR 3l EE) » o =EE8 & UERE-—=[E&EY 1 7 (Fig 6e) »3% 1 Efk, #4
oM#13 ¥ 4nF #7 L O OREFEHR (14 HEF) » 5 Z2FB6%s LU B —=EEEFA 7
(Fig. 6f) & 1 S BES NIz M4 nM#13 L4 nF # 7 ORECHRROZEEME (Fig 6g) %=
FTRIBINOIPEIZH 12mm L KE -T2,

% =
A RMROEEE

7o TERBOEAELE I X D EUCLBRELIMER 4 BRI NERREBRD T < T 33 @K
2SI L JARIMERIC DV T DNA B2 8IE U7 kSR, HE4oM {1l O sa8EEEEERLT,

Z OEEORMBEERE (8.7 um) IXNBE_EEORMER (7.6 gm) ICHETHL2EFRE
Mot d, B (ILAS, 1997) O fEE—NUEHEE Y4 7 FAEC B TERE & hic KERIMER
(BfE 110 gm) EH~RZ LB SIS L, FRMERY A XS IHEEEERET S5 2 & IXRET
botze RIMERY A X P 45E—UEEE A 7 BEORBRMER L D /Ao FERICDOW
TRFEETH 203, &fffED DNA O CVEBAZ LI Lo, ENEFETI R WATREE L F L
shd, ¥, MEYA X EEEEEORENE bBGHEN S, ZOHEGE» SERUIETH
HMOER (3.8 um) IIE A (31um) XD b RELSDS, K DNA B SBTFOEENES
BRETSkhol, ZOMEKZMOMEBERBABCENT, BRH/NEL, FHESE
THBRAEE 2R U, 8 1IEIHEIE X D EE Lz = V< ANEESEE ROESBEEL »K
ELhot: 2 EHEINTw 55 (Chourrout et al., 1986), <D & 3 R{EVERESHED
SR BRT 200 E S DRETD L ZAFHATH %,

PUfERREAMEAnM # 13 B L U 4 nF £ 13 13, #% DNA &8 L ORIMHKY 1 XOFE»S b
i IUfEEE YA 2 EETH o1z, L L, % DNA b & SR EH U S h - UEEERA
3U{EED > b 12 flE (38.7%) DMBRHKEA S S 0.1-13.0% ORTABMRMMRIFER S iz,

EEEOEMtE S BB X CHIEAEOBE KR, S 0AEBEBTHREINTWE ZERS
(Benfey et al., 1984 ; Suzuki et al., 1985; Aliah et al, 1991), i & ABIFRIER I MU EHELIRT &
E26N5, #-oTC, BEYIMEE4 2RTEEOREIL, WA LEETEFA 7L >Tn3
ZEeBEZONB,

2o, DNABOHED S BYROXMAMERE b oEFEOEY AL 72 TER
Bolz, AL BT 2 ABARMMOBELRE X, KERMRPER SN EREFICOVTRE
LEBE»STol2Z L, REGRMEROBAR L, RBCIERVZWI EXTFHEIAS, K
HRMBOBEERSE b D TEWESE, FCM TR TE WO Livkwn, -7, FlE
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DOWREEW 138 DNA B8 L 8 TR EHFER I L 2 MRV A AOBEEBLVEETH 3, 5%, &
HIIMES 4 TR T EGORBREEOFESEE DV THICHAE T 2 LENH 2 5,

ECBF O fE it

DNA & & [UBRY A X & T ERAME 4 nM 4 11 ZEEEOAEN K En 57228, 4nM# 11
HHI0 DBEEST ARFOZEICHNKT 2 20X4n TiT, Iz 3nizRoEd o7z, 20X
4n/HS XT3 40 @k 38 B =5 (B ZSEOREEOBEREHIE X D HEH), 1
BEHRfE5E GBE _EERORE), 2L 0 BY 1AL EE-EEEYA 2 Thote, 20
EFA 7 4nMENl OFEE L _EHEREBTFCHEXTSEFELSN D,

4nM# 11 BUFEEOAERREWZHEL ST, ZEFRETOTESE Ckho BEEE L
T, O 4oMAN BEROBFEE->TCMEO DB TFERE LD, b b LB Dot
M#11 OBFMEREH, HENLZEAOFSEMET U wTHENE, @ &4 T I3mEms
KEWiD, ZHEEMETULTEEMY, @ 40M# 11 OB TFHREBE TR - - ahEE
DIEDHEZ NG, NERADEET IR FOESSIFNRICHEL TRE L, SHRME
TH2HEFR VA THIMINL T WS (Chourrout et al., 1986), PUfEAEmER 4nM#11 ©
DNA &0 CVERE L, RMEBFEEINIZKEI IV /IS PoT I L, ZOREMGISIUEHE
DS o ENEAREE & OB 2R T, 4 0M # 11 O FRICE ZEE, B=FEERBHEL-ZE
i, ZOEGSEREE, E-EEETE2E-> TR IER2TRRT L LALY,

PSR AMED > b, 4nF#1,4,6,7,10 O 5 EEOI L D FEL - BEREBEETER L
BORZEETH o, o 4nX4nKEICB VT, 40F#1L,2 8L U070 3SEEOINE 4 M #
BEFOZELOE UL FROFIAROZ MG o FR=EFElgz b > ¥4 7834 U,

MEFEREA 40M £ 14 & Zh 5 3 EEONSEBRHAMORE (4 nxX4n) FRICIUEEL S
VWSSl L b DEF A 78ashinI E, BLX U 4nM# 13 i3M¥ED DNA B 44 X ¢
IR —UEEREF A 2 THBEI DD, THOEEEIZ40MA13 DS ZHBEBETFOZE
X BETRBEDSE V. 72720, 4nF #1,4,6, 713 UV F CHESE SRR, PR TRH 3 0E
EREETFREE-TWEDOT, B2, 4nF#1 L#7 CRESTEEIE2DLY, 2OZHIC
S DEBEBEBR UL THEEEPEETER Y, LHLERS, IASOIEENSS &b & 254
DL LTEL O, ZHCEBERESERCR> 02 BTHTH S, BROE_E
HERHHIEDOFIE % { HE SN TH D (Thorgaard and Gall, 1979 ; Thompson et al, 1981 ; Cher-
fas et al., 1991 ; Cherfas et al., 1995), ZDFREMEDEETE Ry, %7z, FRIMMEKY A X & DNA
B 5 4nF #7TLANIEY A 7 OATFEMEDMEV, L L, 4 nF # T i3k 2 -S4 ke =
EEOINKREN 72 LIT, P &b IS OB IEETH - - TEEM 2R T, kit
£ 35 JIEDOWA I Arai et al. (1999) 2SFEL TW 3,

HEDOHRRLD, SHONESEBEHBADI B, 4nM 1L, # 13 3 2 PBO EEKEF 2 E- T2
HREMSSH D, TS AT B TOEEME S RO Z 8 RE Wz, £7-40F #7103, —
Bz b5, 4nF#1,2,4,6 BT HZOREEEBEETERP T, UL, 4nF #7045
ZEBRIR O E RO HRMHLE I & 2 “EELOWEEE b 2 s hiz,

EHETIE, 7 ITZEIMOEKENE ST - T4 U BERU/IMEE 4 %73 Hikh» & mufEk
BH2EEEERGTICEREERTEH I EASE2 RET B8 TEd, ZORBOFRICBL
TOEEEENTE P o, —7F, BREBMES 4 2R TEERDOS 13, RIBRIEEL IR
TfEG—EEERESF A 7L BT B I LIEERSN, 0L Ekoduciy, ABO—
BEEINEEET 2 HOBNE 2 EWRE N, /0T, B/MEN4 2RI BEL S, KitRT
SEENEEEEH T 5 WSS RE S iz,
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