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Abstract

Carp (Cyprinus carpio), Carassius fish, and goldfish (Carassius auratus) are popular
cyprinid species bred for use in aquaculture as a food source, in aquaria, and biological
research in many countries. Hybrids derived from a cross between carp and Carassius
fish containing the genome of crucian carp and goldfish have been artificially produced
for use as food and aquarium fish. We obtained a third generation of diploid and triploid
hybrids (Fs) derived from crosses between the F: hybrid of family 1 [F:1 hybrid (C
carpio & X Carassius cuvieri §') % % C. carpio §'] % and C. auratus & and cross
between the Fz hybrid of family 2 [F: hybrid (C. carpio % X C. cuvieri §') & x C
cuvieri 4 ] % and C auratus J'. However, it is difficult to estimate the genome
composition of the F3 hybrids by morphological measurement. We previously developed
three methods of species distinction between carp and Carassius fish : (1) analysis by
PCR amplification using carp- and crucian carp-specific primers targeting the IGF-1
gene region, (2) PCR-RFLP analysis of the TGF-beta gene region, and (3) PCR-RFLP
analysis of the mitochondrial 16S ribosomal RNA gene region. In this study, we
estimated the genome composition of eight F3 hybrids by these methods. We estimated
that five F3 hybrids contained the genomes of C. carpio, C. cuvieri, and C. auratus. Thus,



the five Fs hybrids are considered to be allotriploids and include the genomes of three

fish species. We estimated that two Fshybrids contained the genomes of C. carpio and C.

auratus. We also estimated that one F3 hybrid contained the genomes of C. cuvieri and

C. auratus. Thus, these three Fs; hybrid types are considered to be diploid hybrids.

Moreover, all the eight Fs hybrids were estimated to contain the mitochondrial DNA

derived from C. carpio as the maternal species.
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Figure 1. Formation scheme for Fs hybrids among C. carpio, C. cuvieri, and C. auratus (ryuukin) .



Table 1. Cyprinid species and hybrids examined

Species or Hybrid

No. of Samples

Carp (Cyprinus carpio )
Crucian carp (Carassius cuvieri )

Goldfish (Ryuukin) ( Carassius auratus)

Fy hybrid (C. carpio ? = (. cuvieri @)

F» hybrid of family 1 (F, hybrid (C. carpio @ = C. cuvieri & )? = (. carpio o) 1

F; hybrid of family 2 (F, hybrid (. carpio ® = C. cuvieri & )9 = (. cuvieri @) |

F; hybrid of family 1 (F, hybrid (F, hybrid (C. carpio @ = C. cuvieri @ )@ % C. carpio @ )2 = C. auratus @)

(=]

F; hybrid of family 2 (F, hybrid (F; hybrid (C. carpio @ = C. cuvieri & )@ = C. cuvieri @)@ = (. auratus d ) 2
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H1E20FIk, MHEDONY FEEbE
JeNY ERXZ—VAB (L—v4~6)
R 5N 7z (Figure 3)o K% 1 OF:D
No.1~6¢&, R 2DF:DNo. 1128
WTh, MEFEDONY FEefHbe/lnNry R
NZ—VAB (L—r7~13) "HRHH
72 (Figure 3)o THIZHFL, RHR2D
Fs®No. 21X, 7FHBLOF U F alfF
BNy F8y—VB (L—r14) &
Hoh7: (Figure 3),

—7J5, HpyCH4 IV% H\»72PCR-RFLP
fEFTClE, T4 138280bpD KR E DN K
(BB 2 512IZFRCES (277bpk
280bp) D 2 RKODNAWF 2 5 5 & e
WEND) 2ELaf RGNS PN
y—YA(L—=r1) R 517 (Figure
4)o a7 FiER120bpOEE D

Table 2 Estimation of genome comps

osition in hybrid F3 among carp (C carpio ), erucian carp (€

N R ERIEObpDEZ DN RB LW
F1280bpD R E DNy FEEtr v a0
7T FRERN N KX — VB (L—
v 2) AN (Figure4), ¥ ¥ 3
3H170bpD £ E DX~ K & #440bp D
REONY F2E&LF rFafRnyin
YERF—2C (L—=r3) BHERLEN
(Figure 4)o v Ia 7 7F DNy K%
7 —VBIZXTL, A DNV KNy —
ADKRIZH SN N R b olz7z
D FERRLE2DF, (L—r4~6)
X, WS RFRZ—=VBTHLHOD, b
WIENY RRF =V AE N Ry —
B &bE7/NY PRy —VABTH 5
DIPERTE L h o7 (Figure 4)o F
HF1DF:®ONo. 1,2,4,6 (L—=r7,
8, 10, 12) &, £H 2 DF:®No. 1 &
2 (L—r13, 14) 1%, EiCEMERIZT
I TFOINY KNF—UBEF
FapNy Ny —yCrbbEs, N
Y ENRNF—=VBCTHAHEDY, ZThila
ADINY F8F =V AL EDTNY FX
5 —VABCTH 5 DNMRTE RN
7= (Figure 4)o &% 1 ®F3;®No. 3 & 5
(L=>9kll) I, a4 yrauy
T ILEDOKI280bpD R E DN Y R
Bonhzss, #120bpo s > a7 5
BRGNS Y FIZRONT, F ¥ afei
B 72 #9440bpDEZE DN Y FAR S N7z
(Figure 4)o INH 56, T4 DN KX
F—VAEF U FapNY ERY—=2C
EEbElNy Ny — VACEHERET

cuvierd ), and goldfish (Ryuukin) (O aurais )
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F; hybrids | PC PCR-RFLP PCR-RFLP Est " .
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prime
1 A Al ABCT
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F; hybrid of family 1 i A B AB AC
18 hybrd (F, hybrid (€ carpio @ = € ewvieri &) @ = C carpio o) @ = O aurats o] 4 A 1 Al AR
5 A I Al AC
A B AR ABC
F, hybrid of family 2 1 A 1] Al ABC
[F; hybrid (F, hybrid (C. carpio ® = O cuvient o) 2 = O cuvienn ) ¥ = C. aneains o) i ] 4] B
A ABC a2
¥ wsis of fragment type by PCR amplification using carp- and crucian carp-specific p argeting 1GF-1 gene and by PCR-RFLP analysis
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Figure 2. PCR amplification using carp- and crucian
carp-specific primers targeting the IGF-1 gene region
from C. carpio, C. cuvieri, C. auratus, and their hybrids.
Lane 1, C. carpio; Lane 2, C. cuvieri; Lane 3, C.
auratus; Lane 4, F1 hybrid(C. camio & X C. cuvieti &);
Lane 5, F2 hybrid of family 1[F1 hybrid(C. carpio % X C.
cuvieri ) $ X C. carpio &]; Lane 6, F2 hybrid of family
2[F1 hybrid(C. carmio & X C. cuvieri )% X C. cuvieri
A1; Lane 7-12, Fs hybrid of family 1[F2 hybrid(F1 hybrid
(C. carpio § X C. cuvieri )% X C. carpio &) % X C.
auratus &'1No. 1-6; Lane 13, 14, Fs hybrid of family 2
[F2 hybrid (F1 hybrid(C. carmvio $ X C. cuvieri &) % X C.
cuvieri )% X C. auratus &')]No. 1, 2; M, 100-bp DNA
size ladders. Arrows indicate 500 bp; A, B, Fragment
types; -, Not detect.

Figure 3. Restriction analysis of DNA amplified by
PCR of TGF-8 gene digested with Afa I(Rsa 1)from C.
carpio, C. cuvieri, C. auratus, and their hybrids.

Lane 1, C. carpio; Lane 2, C. cuvieri; Lane 3, C. auratus;
Lane 4, F1 hybrid(C. carvio $ X C. cuvieri &'); Lane 5,
F2 hybrid of family 1[F:1 hybrid(C. camio & X C. cuvieri
)% X C. carpio &1; Lane 6, F2 hybrid of family 2[F:
hybrid(C. carpio % X C. cuvieri )% X C. cuvieri &1,
Lane 7-12, Fs hybrid of family 1[F2 hybrid(F1 hybrid(C.
camio ¥ X C. cuvieri )% X C. camio )% X C.
auratus &'1No. 1-6; Lane 13, 14, Fs hybrid of family 2
[F2 hybrid (F1 hybrid(C. carpio % X C. cuvieri )% X C.
cuvieri @)% X C. auratus &)INo. 1, 2; M, 100-bp DNA
size ladders. Arrows indicate 500 bp; A, B, Fragment
types; -, Not detect.

Figure 4. Restriction analysis of DNA amplified by
PCR of TGF-B gene digested with HoyCH4 IV from C.
carpio, C. cuvieri, C. auratus, and their hybrids.

Lane 1, C. carpio; Lane 2, C. cuvieri; Lane 3, C. auratus,
Lane 4, F1 hybrid(C. carpio $ X C. cuvieri &'); Lane 5,
F2 hybrid of family 1[F:1 hybrid(C. camio & X C. cuvieri
) E X C. camio ; Lane 6, F2 hybrid of family 2[F:
hybrid(C. carpio % X C. cuvieri )% X C. cuvieri 3];
Lane 7-12, Fs hybrid of family 1[F2 hybrid(F+ hybrid(C.
carpio & X C. cuvieri )% X C. campio )% X C.
auratus &'INo. 1-6; Lane 13, 14, Fs hybrid of family 2
[F2 hybrid (F+ hybrid(C. carvio $ X C. cuvieri &) % X C.
cuvieri )% X C. auratus ')INo. 1, 2; M, 100-bp DNA
size ladders. Arrows indicate 500 bp; A, B, Fragment
types; -, Not detect.
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& 7> (Figure 4),

I b FY)7DNADI16S rRNAEE T
D TspE 1% M \» 7-PCR-RFLPf# #7 T 13,
I £1389120bp & K9310bpD R E DN N &
FOIAFRWEN R —VA (L—
V1) RO, FryodursFeF s X
3H245bpD EE DNV F gty vy a0
TT ;XX IR RN PN —
B (L—>2,3) 2"RA561 7z (Figure 5)o
T, IAERMEREL VAR (L—r4)
2, FIeMBHELTWELEZR]L L 20DF:
(L=5,6) BXUKRLIL20DF%%
NENRMEBRELTVWERSR]LE 20DF;
(L—=r7~14) &, 24 F8R197%:85120bp
EHB10bpDEEDONY FHRR LR, 7
T 7 EF U g FEENIZK245bpD
REONYFEIRON L oT2720, N
K5 — v ALfERTE 72 (Figure 5)o

EZx

I yaTuTTFORERR]L &
2 OFaX, IGF-1# D a A HHH 7
FA =% HW/-PCRE 7 FECH I 7
T4 < —% HW7-PCRTENZNIEIERE
W ONV RNF— VANV KR —
B) 2R 5 N7 (Figure 2a, 2b, L —
Y4~6) FiEEFR1L L 2DFIZBW
T, TONY NN —=VAZTator )
L, WY RRF—=VBIXrryauw 7

Figure 5. Restriction analysis of DNA amplified by PCR
of 16S rRNA gene digested with TspE | from C. carpio,
C. cuvieri, C. auratus, and their hybrids.

Lane 1, C. carpio; Lane 2, C. cuvieri; Lane 3, C. auratus;
Lane 4, F1 hybrid(C. carvio $ X C. cuvieri &); Lane 5,
F2 hybrid of family 1[F1 hybrid(C. camio & X C. cuvieri
)% X C. carpio &1; Lane 6, F2 hybrid of family 2[F:
hybrid(C. carpio % X C. cuvieri &)% X C. cuvieri 3];
Lane 7-12, Fs hybrid of family 1[F2 hybrid(F: hybrid(C.
carpio § X C. cuwvieri )% X C. capio )% X C.
auratus &'1No. 1-6; Lane 13, 14, Fs hybrid of family 2
[F2 hybrid (F1 hybrid(C. carpio % X C. cuvieri )% X C.
cuvieri )% X C. auratus &)INo. 1, 2; M, 100-bp DNA
size ladders. Arrows indicate 500 bp; A, B, Fragment
types; -, Not detect.

DT LR LTWEEEZOND, £
72, Afa 1 (Rsa 1) % i\ 72PCR-RFLPf#
MIZBVWTH, Fie KR 1 & 2 ORI,
af Ly raay 7TFoNy Refgby
728N K287 — 2 AB (Figure 3, L —
Y4~6) BELN FIERFRLE2D
FAZBWT, TONY Ry —=VAlZaAs
D)L INYRENY—=VBIXryauy
TFDF I L ERLTWEEEZBNS,
TGF- B #8{n 2 BF HHpyCHA VA W
72PCR-RFLPEANT 7217 T, MK %K1 L
20F; (Figure 4, L—>4~6) &, 7
I TFDONY RRY—=UBThHDH
M, AL L rIu T FONY Fes
b7V F)X5 —VABTH 59 R T
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Figure 6. Schematic diagram of restriction
analysis of DNA amplified by PCR of
mitochondrial 16S rRNA gene digested with
TSpE .

Lanes 1, 2, C. carpio; Lane 3, C. auratus; Lane
4, C. auratus langsdorfii; Lane 5, C. cuvierr,
Lane 6, C. auratus grandoculis; Lane 7, C.
auratus subsp. 1; M, 100-bp DNA size ladders.
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