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BOEMRIHME RN a VXX X ab LN 3 T X
SEODHICH T2 REA=BHROFE

KB E=8) - I "R H/K 5

IR By KA BESES,  BEIR T 739
199644 268

® B Foa vt 2 A PMOZHB RS2 VXS o Fa s IO RV a v x #ewalf
TiE, B URFROE LA LIBROB, BlMSoBHERL, HEE o Ui, firtm
CHFLACBABRTRCRSay ok, PEKEREOKRE, WEEFYaY @n=50, 10
m-+4sm+36st, a) EFFa (2n=100, 12 m~+36 sm+52 st, a) OMoREEH (2n=75)
LA (11 m+20sm+44st, a) ®RL, WRBORGHEL Lty bSO 8 D EEMMTH -
foo BHEL FYa v ey ®wa 2n=50, 12m-+32sm, st+6a) OhHOZEH (2n=50, 11
m-+21sm, st-+18a) R LAC &b, TREMMA L HECE L, DMK, KR 2 VRIE
TIRBE B2 B 2 BRARECHABE I 2o fe BB LY ch oMM E VR UAHO%  IRES
i Ths o Lol fe, BEZSHALE LY, SBOBETEMSIhL, EBEEZE O
B 1o,

F—)— KN BEEME, ¥ oXa, M, Bk, fEam, Fawy

i

ML GREMOZHCHY, TOMBEBONDTHRTEFTEL b OR, WMEMhtoRaks 185
DL MBI T RMERE L e B 2 LBV (MAKING ef al.,, 1958; SASAKI ef al., 1968; Aral, 1984;
YAMAZAKI et al., 1987, KasaMA and KoBAYASHI, 1987; 1988; 1989A), M54 (UvEND, 1972; STANLEY,
1976), HEth:Fs4: (STANLEY, 1976), f5¥#: (CaPANNA ef al., 1974; MaRIAN and KRASZNAL, 1978; BECK
and BIGGERS, 1982; Urpa ef al, 1984) 24 UsW b d 5, BRIEOBIEMZEM 1L, TS/

B LRI L B E DD (ARl 1984) |, BEM LR BEOBII~OP R L v B2 &
PRE I T 5 (UEba ef al., 1990), FBHEILL LB ML T ~CTHRIENTH 520 (Suzukl, 1968)
Z OBBHEMBEA L UG, SN0 T T Menidia & Fundules oS0 MBI 1T 5
Pt ATTBh O BN & B 7c MOENKAUS (1904), Morris (1914), PinnNgy (1918, 1922, 1928) o#FgE, +17-
R s v Misgurnus anguillicaudatus X % o 5 =5 Carassius auvatus O Jo\ T RA M, HFE,
WIABERE S U CHEINE &R0 Lok (1953) ooffgess L Ol sl Er o Pk oA 2B ~, ¥
F C. carassius X K< a P EGMEETH B 2 & BR Uiz KoBAYAsHI (1965) oBIsehdh 5,

I CH » CHBB PR & 2 5 TR TR, SHEGOR 2 BAKME L X o BI040
THE, EFESEELERCREE, RETH0Y Y - v 2AHOBHME cmsi T35 (CHEVASSUS
et al., 1983; SCHEERER and THORGAARD, 1983; ARrAl, 1984; 1986; 1988; UrDA ef al., 1984; SEEB ef al.,
1988; YAMANO et al., 1988), = FtooBRIMM €3 B RO BRAREIIE S CEFLE O RE= 640
Urefiln & 5 (MARIAN and KRrASZNAYL, 1978; BECK and BIGGERS, 1982; KasaMa and KoBAYASHI, 1989B),
OB L LB CTHNIEERORCEOBEME MM LY o A TES, UL, BIEE TR
FICMBMMI >V T A BN REZSEEEBRE L, Tod i~ s BicfliRbi o,

AR TR, BEMIREIA TSRS s U —af oMo b Ko vilxe o Falt (8K,
1953 ; Suzukl, 1968) kL UF¥a T HiX # € w2 Guathopogon elongatus elongatus # (SUzZUKI, 1968)
OEEEERY, BHERE L, 20T, BREROROETBET LI LICEY, Th 6B %

i
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KM CH DB BRI L, 612, ZhOOMAERIDWTEN R L UERAME & A5 2 Sk
WHLIER & 5 RESHBACERS, © OWIErBIEMR MMN 5 2 2R EREE L,
MR EFE

TSR RS s 7 Misgurnus anguillicaudatus (W% L) 1%, IRERPIZEEREN 3 L OVREAKE LY
i Utoo % v ¥ 3 Carassius awratus (085 G) RHIEO 7 ¥ o 2 EMKECRE Lcb 028 Ui
& ®wa Gnathopogon elongatus elongatus (BEEM) IR SRABEINCERE Lic, FY a2 70 A%PHE
LURCay, ¥v¥a, #EraORREROMERE, Aral e al (1993) Kl-To, ZHE K 00
LE LUK aHBCRIEr aDETFLOMTH -7 (LXG, LXM), #BLLTFYa vELOEHE
Frote (LXL)e ZhOOZHINRMEE 2Tl 20 CHWKEANERICRE L, LEEMA
BT A5 2 (18X 2.7 cm) o4hag &4, ABEBA F T2 COBKPITHIE L1,

s (PS) 1%, Suwa ef al. (1994) k#5F, SRBSHH I ARCHBFLILMET L F 7L
ADY Y v F—PIC AR, T00kg/om? OFESH % 1 Sz /e, ERAM (CS) & Suzuxr ef al. (1985)
CHEV, BB Lo S R & 1 CodRkdhiz 305 MBI Lic, MK, SR E AhERS 257)
IR LT,

eafids k OMAER (PC, CS) B>, 5 IEH (EREH 1205, Sl (EH%3 ), SR USER®RT A,
UEOAEBKERAE L, SHANMCET 2HE CHEBREE Lic, WARRE BT -1, BRAHBERSY G
P B (SERI6EEED IR AERE L, KUSUNOKI ef al. (1994) 1258 » CTHE MR B FM Ui, 38/
AR v ¥ g B LY T e 2 AR Lo e By CER L, T MEGURO ef
al. (1991) OFFEcHE Gl 2 k¥ts, Eagle-MEM HMuc s #3280 &, 48R ME £10-20%7 M
LW a5me & L, 25°COHME L, B35 HEIK Wug/mb = b s % 0.1mb Inz 2 R

Table1. Survival rates in hybridizations between female loach (L) and male goldfish (G) and their
cold (CS) or pressure (PS)—treated groups.

Cross® No. of Survival (%)
Exp # Female X eggs Gastrula Hatch Fry Fry
Male used 12h¥ 3 days® 7 days® 14 days®
1036 LxL 216 88.9 77. 3 75.5 NDe
LXL -CS 229 78.2 67.7 65.1 NDe
LXG 360 48.1 36.9 24.7 0.0
LxG-CS 400 . 67.0 50.0 29.5 0.0
1048 LXL 489 95.9 60.1 57.3 44.2
LxL -PS 486 91.6 81.7 75.9 33.3
LxG 667 92.8 57.0 37.5 0.0
LXG:-PS 378 91.5 24.9 4.8 0.5
2058 LXL 406 80.9 75.6 75.1 74.1
LXL -PS 492 87.4 70.9 52.0 33.1
LXG 630 93.0 80.5 15.2 0.0
LxG:-PS 996 76.7 59.9 22.7 0.0
3028 LxL 474 63.2 62.4 55.6 53.4
LXL - PS 241 61.3 58.9 49.8 31.1
LxG 398 48.7 32.7 21.1 4.8
LxG-PS 569 44.4 10.0 4.2 0.4

a) See text.
b h or days after fertilization.
©) Surviving, but no data.
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W, EFEEBE TS EEE L, MY Y o R Lo R EI, X 5z 0.067 mol KCe C15
SEHERMIEE, H/ TWCHEE L, £ L, SRBHREE Ly EARL LTX¥ AV EYE, Maicgi
720 BEEIAHTIE LEVAN ef al. (1964) 3Lz - foo

& ES

R a olx % a iiBosf Feay (L) &% o¥a (G) OZMBIUIALERIOMK
i (CS) H B\ g (PS) ofiH 4% Table 1. ({1, #AL X Lix60-77%0I{LR &R L, WL
FROWER IR Th - (Fig. 1A), THBURICRSGCHUBL EOFRAERL, 2o 3iiie
BB L, ToHb S HMVER L, MU iz o LXL - PS o, MMeBAeRRL 8B Ly

Fig. 1. External appearance of hatched fry from LXL (A), LXL - PS (B), LxG (C),LxG - PS
(D), LXM (E) and LXM - PS group (F). Scale indicates 1 mm.
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LETT AN S - 702, BT ROWBZIER Th -/ (Fig. 1B.), Th o SIMHAR LI,

B RS a Yy (L) MiX¥o¥a (G) HEX, 33-81%DBMEE LR L, WIEL v HILH - 1205,
AL S KD RO BN 2R E GBS, KoBl, 3, MR, B ERETERCH - (Fig.
1C). R A IXENEINZ /A LXG-CS kU LXG - PS T ERIL10-60% & S HI{EF L, =
SHEOPINRERE, THHBM-188  TIRT_RTIHET Lic, BLFROWBEL XGizltigd 5 &, Al
MR L, KIBEOAEGHES LD, ARMIEFRBOBERST I LA 2 e (Fig.1D.), L X
GR LW LXG - PS i\ CHIMNICE CRIERTRE, 20%k2y ARBTLALL A, ZhbETART
Foavbisai,

Foavlx4E00EEBoEsEE Feaw (L) dea (M) Bol#sloshsoiKi

(CS) L UENME (PS) 0% Table 2. 127k, MIRLEIL X Lid, L XGOBEOEE FH
Thob RIFAMMEER (43-79%) &AL, & URCEWNFREMEBB L, tolRbem i, SIanx
LXL :CS, LXL - PS OBHMLRIT51-78% &R L, MRS, MFRTIER C, BEL2BG LSRRI
DG CH22-39% 0 7 L7,

B F P ay (L) Mixzeaea (M) HECE, SFEEE L CREREES (22-50%), FRudb
SH, MR, RIS, (o, BlERRTAY (Fig 1E) Thoto, ThAOLREHBUBORKATISIHK
PR LA, £0BES, TRTEC LA, #eameimngse LXM - CS 8Lyt LxM - PS Kofgks
WG (10-479%), FFHBARERE 277 Uess, L XMICHET % & flilinidmE L, At RE <, 4%
DEERHESR s (Fig 1F),

REAHA SBLHMETHESIUTIALOERD B EHIRABEICE UBo R G m BB EE
Table 3. {2, ThoOMBPEREX L ¥a, s vantid b bic Table 4. ZRT,

AL X Lg% Uic a3z s 2n=50 773 L, £ AT 5 X, RAHasai2
R, VORI — IR RIS £ v M &, OnMa and Taxar (1979) 3k U8 ARAL ef al. (1991) ofiH
=B L, SRODENUEERE LXL - PS &, PEo SR, REMGEDE Cloidaid, 3n=75 &RL,
T ORGENL R IE R RISAR, KPR 6 A, R - RS ARORAEK L DI EHh, FYa U
Ptk 3 vy b EGOREZMHEETH -7, KRAMK LXL - CS taBEmirdirvctbhy, =
B BT CE s »fohs, ENABISRMI SREEEHR L,

OB L Lk o ¥ a oWEHEERE LI LA, POEAEIE 2n=100 (Fig. 2A.) , HilHiak

Table 2. Survival rates in hybridizations between female loach (L) and male minnow (M) and their
cold (CS) or pressure (PS)—treated groups.

Cross® No. of Survival (%)
Exp # Female X eggs Gastrula Hatch Fry Fry
Male used 12h# 3 days® 7 days® 14 days®
1031 LxL 323 71.8 66.9 64.1 47.0
LxM 231 74.5 49.8 2.2 0.0
LxM - CS 293 22.5 9.9 2.7 0.0
2036 LxL 464 54.7 43.1 40.3 31.5
LxL-PS 492 58.5 50.6 46.7 38.8
LxM 603 52.1 21.9 0.7 0.2
LxM:PS 822 60.2 21.4 0.9 0.1
3017 LxL 542 83.6 78.8 70.1 58.9
LxL PSS 624 86.4 78.0 63.0 22.1
LxM 837 75.0 31.2 13.4 1.2
LxM - PS 698 74.2 47.0 23.9 1.7

2)  See foot-notes in Table 1.
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Table 3. Chromosome numbers in parental crosses (loach X loach), hybridization (loach X goldfish,
loach X minnow) and their cold (CS) or pressure (PS)~—treated groups.

Cross® Chromosomes

Exp # Female X Total

embryos 50 75 100 aneuploidy

Male

1036 LxL 9 0 0 0
LxL - CS 2 2 0 0 0
LxG 12 0 12 0 0
LxG-CS 8 0 2 6 0

1048 LXxL 5 5 0 0 0
LxL-PS 15 0 15 0 0
LXG 8 0 7 1 0
LxG-PS 14 0 4 8 2

2058 LxL 9 0 0 0
LxL -PS 4 1 2 0 1
LxG 11 0 11 0 0
LxXG-PS 8 0 1 7

3028 LxL 7 7 0 0 0
LxL -PS 10 0 9 0 1@
LXG 10 0 10 0 0
LXG-PS 10 0 1 8 1®

2036 LxL 7 0 0 0
LxL-PS 7 1 6 0 0
LxXM 13 10 0 0 3
LXM PSS 10 0 10 0 0

3017 LXL 6 6 0 0 0
LxL-PS 6 1 5 0 0
LxM 14 11 3 0 0
LxM - PS 4 0 4 0 0

4} See text.

b} Hypotriploids, chromosome number 48-60, 50-58.

<) Hypotriploid, chromosome number 66.

43 Hypo- to hypertriploid, chromosome number, 54-80.

¢} Hypotriploid, chromosome number, 50-69.

) Hypotriploid, chromosome number 55-70 and hypodiploid, chromosome number, 31-52, 34-40,

W6 R, WehEE RBI8X, JORE - ke oL v E Tk Y (Fig. 2B.) , OnMa
and HrroTsuMmacur (1967) O &~ Lic, # T o a @@kl Lic s o AREAEEKKIT 20=50
(Fig. 2C.), BBLIrh#aE A 6 3, Rep#i— K R B16%, MM RE S oREdkl YR E R T
By (Fig, 2D.) , OnMA ef al. (1972) 3 k0 KasaMa and KoBavasui (1987) o5 & —F L,
Foaw (L) #iXFra (G) BT, BB LLAH4IEROED 20=70 OREEYRERL
(Fig. 3A.), TOBERPEHREILER, Rep#HE RB20A, RIGH— G LB ROREE L bR S
kY (Fig 3B.), Hafd, B E LcmBopRi &Rt E- CRHMMEL XGit, WMo
Ytk g 1y NOORFTAIBAMIMTH S, Larl, Tofll a0 2R L,
FEhunEeimzic LXG - PS K-Crk, % U400 Heta bl 3n=100 %/RL (Fig.3C.), %
OERE, IR RII6A, KeREHE R22AK, R — M SRR oYtk & D M & (Fig. 3D.),
KoavoRhkoty b o Fafififbly boESHIR—K LI, -7, ThAGRRESBETH
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Table4. Typical chromosome number and karyotype detected in intraspecific cross (loach X loach),
interfamilial crosses (Joach X goldfish and loach X minnow), their triploidized groups (PS)
and adult paternal species (goldfish, minnow).

Cross® or Chromosome Karyotype® .
. Ploidy

Species number m sm sm-st st-a a

LxL 50 10 4 - 36 ~ 2n
LxL - PS 75 15 6 - 54 - 3n
LXG 75 11 20 - 44 - 2n
LXG - PS 100 16 22 - 62 - 3n
LXxXM 50 11 - 21 - 18 2n
LxXM--PS 75 o € - — —] o €} 3n
Goldfish 100 12 36 - 52 - 2n
Minnow 50 12 - 32 - 6 2n

a) See text.

b m, metacentric; sm, submetacentric; sm-st, submeta-subtelocentric; st-a, subtelo-acrocentric; a,
acrocentric.
¢ No karyological analysis.

atie LinL, Y S, THEAME Cu=75) CHY, Xbic 3EEOREAI A U,

F&aw (L) X#®uzx (M) T, B2 L0L027P210s 2n=50 (Fig.4A)) &R L1, Lo
e AR IR, R — SORE R BI2LER, WS AR REA L VRS T D (Fig. 4B.),
Cho FYavireeanifitklty b302FT MG EEHRCH -, LXM TRz 0fbic
3 RO QBT B S TR & 3 RO R BT R E U, ¥k, ko LXM - PS
it Ul & g, BREEMETH -7

ERMBEmess LXM - PS KT, REflioREr e, ERAaHEuBEEcsd-1on, BEL
FolER S THREBEERIELH D EFEORSORER L L6 (Fig. 4C), Thoik, FPasvoh
B2ty b, YEwaORGEEKlI Y FEFTLLOEHETE,

% £

Foaofie o Falikl NS s vl 7€ v 2o MZH CIeEAR (1953) & U0 Suzuxi
(1968) o#WE oMY, BT EEE LS, TOTRCEHETHIIRIENTH 1, L L, Vi -~
ABOBIEHIB MMM (Aral 1984) O L5, FOTRCBEREMEERTC LEa <, WTFh EBIE
OB E 12y NS 0oFI R E AR RO G Th o, L L, ABRONRFV S
THEX ¥ X 3 MG EARI000, KO viix 2% a o ClrR BRSO E U, Thbo
Wb kL, SRR O S T AT AT & A O BR T IE SR REEIEIL L L E LD & LR
HT&sn, cheEBBOBSE= U~ R Oncorbynchus mykiss M X » v~ A Salvelinus fontinalis

(CAPANNA ef al., 1974; UrDA el al., 1984), ¥ 7 ¥ a Clenopharyngodon idelle Wi X = 7 v v
Hypophthalmichthys nobilis # (MARIAN and KRASzNAI, 1978; BEcK and BIGGERS, 1982) i\ C L4
T3, Eie, AUEEET, B 2800 (B, EEHE) b Uy, filgE-Th
OREAEDEIR I NI DD, E T OREERIIRNCH » 1o YAMAZAKL ef al. (1989) (ZMEBOHRINE
BB R LI Lo a i, RESRBORLLVFROFHENRS DI ZEERTW30T,
FEROFEE RS Licobhd L,

FEhmiEg, Fo9s oMboBEE RS TERCESEEER LB TH -, FPa Tifixs
VX s HEORRE, EhENLAKTE, BVRTCRSavoRpEEk2ty PeX ¥ a0kl Lty b
BRI ARESEENE U, FPa vlEX# T o alidERNR Gk, ROEERORENREF Tl i



BOEVERHBMEAT O S =5 (4L

e

f
—
et
[
v
B
o

L]
L
L
e
f

-
L
E
Sy
i

L
L
s
g
b
e
w
Bl
His
[
i
B
5
s

st;a
§ BE a8 42 Bb BE ke Le ma b
K 5 & 'y o : 4 B

o
E
e
e

&

Fig. 2. Metaphase spreads (A, C) and karyotypes (B, D) of goldfish (A, B) and min-
now (C, D). m, metacentric; sm, submetacentric; st, subtelocentric; a, acrocen-
tric chromosomes. Scale indicates 5 ym.
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Fig. 3. Metaphase spreads (A, C) and karyotypes (B, D) of loach (L) X goldfish
(G) hybrid, LXG (A, B) and its pressure-treated group, LXG « PS (C,
D). Scale indicates 5 pum.
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Fig. 4. Metaphase spreads (A, C) and karyotype (B) of loach (L) Xminnow (M) hybrid,
LxM (A, B) and its pressure-treated group, LXM « PS (C). Scale indicates 5 um.

foth, BBV E DA »kedd, PEERISER LA LB REEHALINS Lt Erohn
Bo FEJHAIRX G U BB AR ORIER (Yamazaxi and GOODIER, 1993) & Bbh 5,

IO S MR C R R E S ic L o, AR RINICE L, ERCREERE TGS £ TS
EMNY S - v R THRE IR T X H (CHEVASSUS ef al., 1983; SCHEERER and THORGAARD, 1983:
ARAlL, 1984; 1986; 1988; UEDA ef al., 1984; SEEB ef al., 1988; YAMANO ef al., 1988), AW H Kz v —
2 A PHRMERRE M4 C, BFEEEAR T s e B o i » 7o, PIFMBK AR LT ~C FY
37 Eipofel EdD, SHOIEHHC X B HARMM:FE4 (Uveno, 1972; STANLEY, 1976) itk 5 b0 &
Ex bbb, Lol, RESHEETROAGTOBER, HEEMMIC I L CBEOH Reohi, #t- 1T,
MRS i ARGl » o kb, B EREShic XS Bbhs, o - v Ak
TEBLRD ERHEENERTH > e x L, SEOEHEFHHTH » o T, REBRM L 54
FHOBBICRAYRS ~fcond Ui, 4%, REWHEESHRINA TS FYa v o HRMUS K
(ARrat et al., 1991; 1993) H By~ F¥a v o KBNS (KUSUNOKI ef al., 1994) o ZfE{EE0F
ERMUCHAN, X OICBARINMEZ kb, SEHESES, BRREAe y ORISR EGESEIE
VT, AEFEEEROER ERET 5 08055 B,

ABIEORBUC T I o PO T IR By R AR B KB A S DR SR B o R R o L
50 B X Om
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Induced Allotriploidy in Inviable Interfamilial Hybrids, Female
Loach x Male Goldfish and Female Loach X Male Minnow

Keisuke KijiMa, Katsutoshi ARrAlL, and Ryo SUZUKI

Faculty of Applied Biological Science, Hiroshima Universily
Higuashi-Hivoshima 739, Japan

Interfamilial hybridizations between female loach Misgurnus anguillicaudatus and male
goldfish Carassius auratus and those between female loach and male minnow Grathopogon
elongatus elongatus gave rise to inviable larvae with abnormal appearances and no survivors
appeared. Karyological analyses on these hybrid embryos revealed that they were typical
diploid hybrids comprising both maternal and paternal chromosomes. Cold or hydrostatic
pressure treatments were made to inhibit the second polar body release after the hybridiza-
tion. Chromosome observations demonstrated that most embryos developed from the
treatments were allotriploidy having two sets of maternal chromosomes and one set of pater-
nal chromosomes. External deformity of the hybrids seemed to be improved by
allotriploidization, but no survivors were obtained.

Key words: allotriploid, chromosome, goldfish, hybrid, loach, minnow



