J. Fac. Appl. Biol. Sci.,
Hiroshima Univ, (1996), 35 : 13~26

BOEUREMES v N a VX TS LN 3 THEX
DM #ICE T B RE=BREABEDOHE

RE EB) - RAF KRB R

IR B R AR, BUR BT 739
199642 4 A26R &t

® B Foaopllasf BBl TH B EEY < FPa UliXas (=0 % a4) Hikk
Vo R avlixad (=oFad4) BXVEUBTFRBHFERLBEEN TH L. =0 %
A ORI BN R G LT OB B EEL, REARL B Thb o ob, BEN KRR &
UBEEDMREORIEICH 5 £+ 5 &, EoMiidy-3Fh & lREo R e Qi 2R L,
FHEZ M OISR S 5 IE I & B AR B 0 & v, REEHE B St
PUfE RO Y~ K a 0 H 5\ RS ED Foa v & al il owi» S RASEES AT,
EHOE AR & b REAEESE O, DLoREEEL L ) #iFRoREo
BEREMIAAHEN R oI en, AFEEEOFRICRE S o,

F—7— K REEME, REESEE, oA, #8, v FPay, Foay

o

BHEMAR K3 a v Misgurnus anguillicandatus WX % ¥ 3 Carassius auratus Wik LUKV s OfEx &
Ewr = Guathopogon elongatus elongatus WO FAITEIENITH 55, FOAERREFBE O R0 ik
MRECH -7 ORES, 1996), £ L€, ZASMMORESEACIARPAERZENSAS8RIAS
s, EFEEOEEIIEES Aot (KBS, 1996), 20 &k, V4o -~ ABREMM T, M8
Bo s R L LROREEOLE 2 1kt & (BREEMEML) X v EFEoRENRTE BN

(CHEVASSUS ef al., 1983; ScHEERER and THORGAARD, 1983; Aral, 1984; 1986; 1988; SEEB ef al., 1988;
YAMANO ef al., 1988; GRAY ef al., 1993), = BOBMME Ik, ToBESRCZEERT, T,
BIEMEOMEMME E2FY, REOMREEE L 0 Cefodicil, 36REFORRPEEDILEREL
feflic > XM T 50BN H B,

v F¥a v Cobitis biwae Ty, PEITHEMAER Cn=48) L XHWNEHEIER (4n=96) MBRTMICS
5 (L6, 1980), KUSUNOKI ef al (1994) i3, ABMEMEFEAOETFE L6, WEOREBWILE
ME, BEOWEGSERER L, B, FYaviisu LMotk 2n=50) oEs HREEE

(4n=100) HMFF7E L (ARAI ef al, 1991A), * DI &MV CHEERE EHRT 5 &, REKOHIARR

L THEFE S ETHRAE LA 2 & s, TOMEBHMEHENRERK (ARAL ¢ al, 1991B; 1993), -

T, AV S ORISR L R & 5 2 IRV EME 428 S 1 (Arar et al,, 1991B; 1993), S oiz, EHik,
FRAEHCH B 2775 ERECSEGS AR Us 2 X IR 5, T, BN 60 B AMEEROIIE
RAE T CERT 5 LSRRG 2 vy b, ARBBEKL Yy FESOREE[ENEL, o, B2
AR 2175 S BREEE 4y b, LREEEKL 2y FELOREAMEESTE D,

R TR, R RSETER A 2 LB RE ST 5y~ FPa Ullix a4 Cyprinus carpio M &
Foa vix =1 fiof&2 (Suzukl, 1968) ’éfﬁEU\ AR s J OB Al & R T BHEIERE o0 4R AR
HERBDEEGK, FOTHRO [#MME] a0 TRESEE) #0E L, 2L, ok TRERR
th] #@HEL, toBEE R,

i
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MEEFE

HER WSk K2 s U Misgurnus anguillicaudatus (W% L 2n) ik, [5EBSEIEE4s & Ok H
FAMEDESE LD, BRBORMESE L DAL, 2AKTHEROLOTHL, vv FPa
Cobitis biwae BV (ES 2n) &, RBEURTRIIC, ABME 085S 4n) RILBSEL)N CER4
Lice oA (=% =) Cyprinus carpio (% C) 135 PIAE CRBE R OMEETH 5,

WL B ERE Mo AR, M, REORMPENOMEZEE (Arat o o, 1991B; 1993;
KUSUNOKI ef al., 1994) Oy Th s, B4, v~ K a ol a4 1 (S 2nXC, S 4nxC) LUK
Ca vl A HEH (L 2nxC, S 4nXC) TiT -1z, ZHBDOMRHEAHE (S 20XS 2n, S 4nxS 4n, L
2nXL 2n, L AnXL 4n) #fT /e, Eie, EHEEFCa v (L 4n) oA 0 UV BEHET &85 Ui
FELPEAEN Uiz, UV BB o4& Suwa ef al (1994) 2l - 7o, BLEOTEEMOIO—EIz DT
Suzukt ef al. (1985) o FECEAM (CS), HoH ik, ¥+ FYa vIPoBERRIES (1995) Hilko
Sff (ZHHES 5, 7T00kg/cm?, 54D CHEIAM (PS) £17-7 (S 20XS 2n - PS, S 4nXS 4n
-PS,L 2nXL 2n-PS, L 4nXL 4n - PS, S 2nXC - PS, S 4nxC - PS, L 2nxC - CS, L 2axC - PS, L
4nXC - PS), DIEDOZFED B\ AME 00 5 I GEREER128HD, 80 GRS 1), Bk Ui
%78, WHOFBIUNICST 28R EFHH L, SR 2468 20 Uk, BUKIXBHTT »

Table 1. Survival potential of interfamilial hybrids (spinous loach X carp) and progeny resulted from
pressure (PS) or cold shock (CS) treatments after hybridizations.

5 Cross® No. of Survival rate (%) at
x Female X Male eggs used Gastrula® Hatch 7-day-fry¥  14-day-fry®

2010 S2a X San 333 98.5 91.6 86.2 75.2
Son X Sy, PS 539 71.8 59.0 47.5 31.5
Sy XC 635 99.8 70.2 60.5 0
S, XC - PS 774 16.9 7.0 0.6 0

2011 SinXSq 438 96.8 95. 4 91.3 86.5
S XS4 - PS 673 94.9 92.1 88.6 77.3
S XC 345 24.3 13.9 9.9 0
SuXxXC - PS 530 11.7 1.5 0.2 0

1019 Lyu X Lo, 50 90.0 74.0 72.0 70.0
L, xC 50 82.0 20.0 12.0 2.0
Loy XC - CS 50 38.0 18.0 14.0 6.0

3020 Ly X Ly, 358 76.8 76.5 71.5 64.2
Ly XLy, - PS 219 81.3 78.5 52.1 28.3
L,y xC 352 59.1 39.5 17.9
L,,xC-PS 545 69.6 46.2 18.2 6.8

3047 Ly XLy 293 72.7 67.6 63.1 58.7
LwwXLy, - PS 328 54.3 51.8 36.0 26.2
Ly xC 372 62.3 24.5 16.1 0.3
Ly, xC-PS 408 50.7 10.8 6.1 0
Ly xC-UV 470 50. 2 - 26.1 -

2} See text.

b7 12 h after fertilization.

¢! 3 days after fertilization.
417 days after fertilization.
¢} 14 days aftrer fertilization.
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Fig. 1 External appearance of {ry resulted from S,, (diploid spinous loach) female X S,, male (A},
S (tetraploid spinous loach) XS,, (B), Ly, (tetraploid loach) XL,, (C), S5, XSy, - PS
(pressure-treated) (D), S;u XS4 - PS (E), Ly XLy, + PS (F), Sy X C (carp) (G), S, xC
(H), L,, (diploid loach) XC (I), Ly X C (I), 85, XC - PS (K), 8, xC - PS (L), L,,XC - PS
(M), L, xC - PS (N). Each scale indicates 1 mm.
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REOFIEROEREBE KEHoREEEREREWR ORES, 1996) LA, BL# (Arar e al,
1991B; 1993; KUSUNOKI ¢l al., 1994) &3 »7te, LHUCHIH Lic a4 Hdtsl e & deh » oD €, il
vk s Fln s Bbh s 2 @k R 0ol OREB S, 1996) LEHRIC, Mz L C, BEdkgits
{EBL U 72,

& R

A APRCBRE Les i LB LS e o LA & D 4 U ST ROAHE E Table 1. 2R
L7, S 20XS 2n (Fig. 1A.), S 4nxS 4n (Fig. 1B) v e RIFa4 20505 L, B &AL, E%
RHRE LI L 2nXL 2n & L 4nXL 4n (Fig. 1C) RO RME 2 &0, EWT RIS < 4 Uk,
M ezt S 2nXS 2n - PS, S 4nXS 4n - PS oL BRI LT T Lichd, AR EER
i (Fig. 1D, E) S, Th o e @R, EWNERBE Lic, Ao L 2nXL 2n - PS, L
4nx L 4n - PS (Fig. 1F.) Chiohis, £/, MMEREE2HE LA L 4anxC - UV oo bz
LAt e it U,

FHUWZHE S 20X C CRET0%LL EDRCIFHARIE Lichy, TheoFfEd <7, HIRO®E ), kion
il NEA, B, B AR A (Fig. 1G) Ch Y, Ui, ZFHEIES S inxCeh B o, EH

Table 2. Chromosome numbers observed in interfamilial hybrids (spinous loach X carp and loach X
carp) and progeny resulted from pressure (PS) or cold shock (CS) treatments after

hybridization.
Bxp # Cross® No. of No. of embryos with modal chromosome number of
T PemexMale ebseumiel 45 50 72 W 75 %6 % 9% 0 14 W us 50 &
2010 SyuxSy 7 7 - - - - 4 4 44— e - .-
S2XSpn - PS 1 I = W0 = = e e e e e e e e
S XC 13 R | S e T
S, XC+PS 1 - - = 1 - - - - - - - - -
2011 S, XSy, 10 T
S XSy - PS 12 - = = = = = U
SuxC 13 - I T -,
SixC - PS 14 - - = == - - I - - - ¢ - -
1019 LyuXLy, 10 T "
Ly, xC 14 e T e
L xC-CS 8 - - == = - - - 8 - - - - =
3020 LypXLag, 10 - = = = = e e e e e e e e
Lpa XLy, - PS 10 - i L
Ly xC i T S T
LyxC-PS 8 . e e e e e e e e e e e o e
3047 LyyxLyy 9 - 1 - - e e = - § -~ - - - -
LinXLy, - PS 9 - 7 - e e e e e 3 - = - e -
LyxC 11 R . . L
LuXC-PS 12 - = = = = 1] - = 2 e e e g -
41 See text.

b Aneuploidy with chromosome fragments.

¢+ Near about number.

4* No mode was observed and chromosome numbers were distributed between 48 and 75. Several
fragments were detected.

© No mode was observed and chromosome numbers were distributed between 46 and 79. Several
fragments were detected.
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R LT Lot » 7oy, S d4nXC OWBORER S 2nxC ~TlEL, Filtha it Lo
it ot (Fig 1H.), A#EOKERE S 20xC THE6H, ZhS5DRTH20-40%DF Bt L
», FREHT (Fig 1) 2R LEHBIGAE ClRie® L, L 4nxC kT RT3 0 is
AT, FOTRTHERETR LY, L 20xXC kL, HBRkEn -1 (Fig. 1],

P os, EDH B ISRMMEML 7 S 20XC - PS, S 4nXC - PS, L 2nxC - PS, L 2axC
<CS, L 4nxC - PS i\ CHMEBIZIET L, &4 7, 2, 18, 40, 11% &80 - fc, BLF AR
LS e, WM LT, iR L, HBoBE EMIhCfrRe R (Fig
1K-NDo LU, 43 LA IER @i 7, L 20XC - CS 5L UL 2nxC - PS {2\ THIAMbIE =

SABOEFTEAE L, MEEME L, L, ShokIok 2y AFRETDE, TRTFYav L
e otce
R B, WEA S IRABKR BT @ hBigiit s Table 2. i1, ZhoDEOFHRE LW
Rl = A o Bl AR E & Table 3. (27”4,

S 2n XS 2n oY EE, BEIZHORE (KUSUNOKI ¢f al., 1994) {—F L1, S 4nXS 4n Ti3960
e (AR B S, FOBATMM oSS (KUSUNOKE ef al, 1994) &—# L7, L 2nXL 2n i 2n=50,

Table 3 Typical chromosome number and karyotype observed in interfamilial hybrids (spinous loach
X carp and loach X carp), progeny resulted from pressure (PS) or cold shock (CS)
treatments after hybridization and their parental crosses.

Cross® Chromosome Chromosome elements®

Female X Male number m sm sm-st st-a a mic

Sy X Sy, 48 16 - 22 - 10 -

Sin XS4 96 32 - 44 - 20 -

Loy XLy, 50 10 4 - 36 - -

Ly XLy, 100 20 8 - 72 - -

San XSy, - PS 72 24 - 33 - 15 -

S XSy, - PS 144 NDw

Ly XLy, - PS aneuploidy® ND

LiuaXLy, - PS 150 ND

S, XC 74-+1 mic 14 - 44 - 16 1

S xC 98 ND

Ly, XC 75 11 20 - 44 - -

LaxC 101 16 23 - 62 - -

Sy XC - PS 98 ND

SuxC - PS 146¢ ND

L, xC - CS 100 16 22 - 62 - -

LuXxC-PS 150¢ ND

Carp? 99+-1 mic 12 35 - 52 - 1

Carp#? 100 12 - 36 - 52 -
a) See text.

b m, metacentric; sm, submentacentric; st, subtelocentric; a, acrocentric; mic, micro chromosome.
¢ Exact number was not determined.

¢) No karyotype was determined.

¢t See Table 2.

f7 Present study.

£ OnMa and HrroTsuMachi (1967).
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Fig. 2 Metaphase spreads of embryos in S, XSy, * PS (4), §,,X
Sin - PS (B) and Ly, XLy, - PS (C). Scale indicates 5 um.
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Fig. 3 Metaphase spread (A) and karyotype (B) of an adult carp (colored-carp). Scale in-
dicates 5 um. m, metacentric; sm, submetacentric; st, subtelocentric; a, acrocentric;

m.c., micro chromosome.
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L 4nXL 4n % 4n=100 &R L, *OBEIBHOKE (ARl ef al, 1991A) 2—F L7

L EoasofBX e RsE, S2nXS 2n - PS ¢k, 11AAR10#M45 3In=72 (Fig. 2A.) &L,
RS S AR L, FEC S 4nxS 4n - PS Ciri2f@fkeh 9 ks M40 oREER LR L (Fig
2B.), REAREHIEORDIIRINI, KBS (1996) @ L 2nxL 2n - PS Tik, ZSfS& @SR L
fodd, AP ORBECIE, 104D 2 BEAEE, By SRIBEROMN 2L ORBMETH -, L

e

hdegacnadioves
sm,st
P2 E IR EENYXXRREEAT R

X KRR
m.C.

IR L

Fig. 4 Metaphase spreads of embryos resulted from Sy, X C (A) and S, XC (B) and karyotype (C)
based on A. Scale indicates 5 gm. m, metacentric; sm, submetacentric; st, subtelocentric; a,
acrocentric; m.c., micro chromosome.
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Fig.5 Metaphase spreads of embryos resulted from Sy, X C (A) and Ly, X C (C) and karyotypes (B,
D) based on A and C. Scale indicates 5um. m, metacentric; sm, submetacentric; st,
subtelocentric; a, acrocentric chromosome.
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4nXL 4n - PS CiL 9 e 4 B, FEUREHRICH ST 2801500 e ta i k5 Licat (Fig. 2C), 7%
D M, FERLIRT =100 TH Y, XL INSLIMC AR 2 i U,

AP T Iz m oA O LIEFRE 2n=99+1 B hdefifh (Fig. 3A) 2R L, F0BEEPHEERH12
K, KRG ATZA, JORMEZAOYAEL VRS, 2ol KoM ekt ey (Fig 3B,
T LT, Repifls L OV R E RO T CREHRREEN R 6hh -t Bl 1 Bk d A0
TH o feh’, BEISWIETERD -1,

BHHZE4E S 2nXC 4 2n=74 %R L (Fig. 4A) , S 2n oWkl &y MW LIaA D1y b
(n=49-50 LHE) o&HEIHHCEE-B L. BIF2S8HE Cn=T4+1 BUhRed) O, BgeEs
ABLAAK, WA — KOG R B4R, M ARBIEA O YAl L OB A T AR L DI Ty
(Fig. 4C.), S 4nxXC TR DIRMESN BIF Tl 225 - 7o 013 RE AR 12 (B COB AR itk A Eh i ¢ &
fo (Fig.4B.), L2 LED 1 AR ROEARI24 55 L1,

L 2nxC Tz Lotk =T 2n=75 (Fig.5A.) #mEL, OO P®ERTILR, ®
PR RT20KR, ROER — WA AREMAAR L v i & T (Fig 5B, L 4nxC Gk, 114k 8
TR B EAE10011H (100-101) %77 L7z (Fig. 5C.), $@EHI0OEEKI DG CERGH & Lt s 2 5
PR RIUI6AR, A RTI2IAR, I — A R e A O Rtk X BB S T2 (Fig. 5D,

SRR S 20X C - PS Tk, HIARBTRThH - fohd, 4EERISE G RO AEO8HiI# 257 L (Fig.
6A.), REEfFEEMEIRIC, S 4nXC - PS KR\ TH @A R1460 M U (Fig, 6B.), RBETE(%
BRI LT de bR TE R, L L, PROGEERISDIFEIEE S 4 Ui,

L 20xC - PS Cikiigs Lre 8 BT U100 %% U (Fig. TA), F o83 2167k,

o7y

Fig. 6 Metaphase spreads of embryos resulted from S,,XC « PS (A) and S,, XC - PS (B). Scale
indicates 5 ym.
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WA R BI22AR, BRI — A A 62A K D i S RO (Fig 7B). UL, L 2axXC - PS (35
Bt Ute, L 4nxC - PS Cit, H@HHAS <, EMARERET B0REMCH 105, 12k
O fEh S, W BHIIS0 2R L (Fig. 7C.), SETR £ HEE S Nz, Lin L, BeD 2 (BRI R 1001
BERL, SHITRD | EERRE BT RIECH - 12

AXTVErnsaXxagstansxnx
m

B A RARRA AaAApRaRrABaldn

AKX B8 AAASaA)y

F &~ & ~ 8 & ~ 67 a8 & p~ § ~

Fig. 7 Metaphase spreads of embryos resulted from L, XC - PS (A) and L;,XC - PS (C) and
karyotype (B) based on A. Scale indicates 5 um. m, metacentric; sm, submetacentric; st,

subtelocentric; a, acrocentric chromosome.
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Induction of Allotriploids and Allopentaploids in Interfamilial
Hybrids, Female Spinous Loach xMale Carp
and Female LoachXxXMale Carp

Keisuke Kinima, Katsutoshi ARAI, and Ryo SUZUKI

Faculty of Applied Biological Science, Hiroshima University
Higashi-Hiroshima 739, Japan

Interfamilial hybridizations between female diploid spinous loach (Cobitis biwae, 2n=48)
and male carp (nishikigoi, colored—carp, Cyprinus carpio) and those between diploid loach
(Misgurnus anguillicandatus, 2n=>50) and male carp gave rise to inviable larval development
with the expression of external abnormalities. In the colored-carp, chromosome number
was about 100 and karyotype included micro chromosome and unpaired chromosome.
Chromosomal observation on the interfamilial hybrids showed that they had intermediate
karyotypes comprising both maternally and paternally derived chromosomes. Cold or
hydrostatic pressure treatments to inhibit the second polar body release after above-mention-
ed hybridizations induced “‘allotriploidy’”’ with two sets of maternal chromosomes and one
set of paternal chromosome. Hybridizations between female tetraploid spinous loach
(4n=96) and male carp and those between female tetraploid loach (4n=100) and male carp
also produced “allotriploidy”. Artificial inhibition of the second polar body release after
these hybridizations with pressure shock produced ‘“‘allopentaploidy” with four sets of
spinous loach or loach chromosomes and one set of carp chromosome. External ap-
pearances of deformed larvae seemed to be improved by allopolyploidization, but no surivors
were obtained.

Key words: allopentaploid, allotriploid, carp, hybrid, loach, spinous loach





