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Genetic Evidence of Gynogenetic Reproduction and Clonal Nature of Triploid and
Tetraploid Cyprinid Fish Carassius langsdorfii Collected
from the Kami-dokanbori Moat in the Imperial Palace

Yasufumi Mada, Tetsuya Umino,* Katsutoshi Arai?

Faculty of Applied Biological Science, Hiroshima University, Hiroshima 739-8528, Japan

Triploid (#=71) and tetraploid (n=1) ginbuna Carassius langsdorfii were collected from the Kami-dokan-
bori moat in the Imperial Palace in the spring, 1997. The eggs of mature triploid (#=3) and tetraploid (#=1) in-
dividuals were inseminated by the milt of goldfish C. auratus in 1998, so as to examine ploidy status, sex, and
genotypes of the resultant progeny. Flow cytometry for DNA content of somatic cell nuclei showed triploidy of
the progeny of the triploid females and tetraploidy of the progeny of the tetraploid female. Histological observa-
tion of the gonads revealed that all the progeny examined were female. All the progeny of the triploid female exa-
mined exhibited the DNA fingerprint identical to that of the mother. Identical DNA fingerprint was also detected
between the tetraploid mother and its progeny. These results conclude that the triploid and the tetraploid ginbu-
na in the Imperial Palace produce unreduced triploid and tetraploid eggs, respectively, and these triploid and
tetraploid ginbuna reproduce gynogenetically as unisexual clones.
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Table 1. Survival rates and ploidy status of the progeny from the cross, tetraploid ginbuna ¢ x diploid goldfish ¢ and triplid ginbu-

na ¢ xdiploid goldfish &

Female Survival rates at Ploidy
— No. of - No. of Examgned
“ *
Ploidy Fish LD+  Usedeggs  Hatch 30 days progeny Triploid  Tetraploid  Aneuploid*¢
(%) (%)
Triploid A 1244 77.3 14.4 24 24 0 0
Triploid B 1692 24.5 4.6 12 12 0 0
Triploid C 137 42.3 27.7 23 23 0 0
Tetraploid D 1094 66.5 11.4 52 0 51 1

*1 Relative to no. of used eggs.

*2 Relative to no. of used eggs; 30 days after hatching.
*3 Six to eight months old after hatching.

*4 Aneuploid with 3.2C DNA as show in Fig. 1C.
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Fig. 1. Diploid (a), triploid (b), hyper-triploid (c), and tetraploid (d) individuals flow-cytometrically determined by 2C, 3C,
3.2C, and 4C relative DNA content of erythrocytes, respectively. Ploidy status is assesed by fluorescence intensity (channel

number).
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Fig. 2. DNA fingerprints of the progeny of triploid (a) and those of tetraploid ginbuna female (b, ¢). F, female ginbuna; M, male
goldfish; 1-7, progeny. DNA was digested with Hix fI and hybridized to probe 33.6 (a), 33.15 (b), and (GACA),(c). Molecu-

lar sizes shown at the right is given in kilobase pairs.

Fig. 3. Transverse section of tetraploid (a) and triploid
progeny (b) at four months after hatching. Note the
formation of ovary both in tetraploid and triploid
progeny. Scale indicates 50 um.

O CLREEBORFHSE Ule O, H—EETHT
SBAEASER SN 5720, STHEDPEFICETL RV
7L Twh, COTLREHEFICIHOEAER
thtzy b B Sz, NELSEEPIHEINIEREE
z2bN5b, TNTE, NEEROBETELESIBLDTH
55, PSR (4n) [T 4BEOMHRAREEL Y F3D
UL, B OBESZERO & D i EIC & D gt
73 2n B (100) R I NSRS D H. £/, [
PR D L > ICafiig ks In e (50) RS e
0,30 i & P AR AL S A TREM DB B8 L L,
ABIFeER L 0, ST T HEGSEOI IR T
IR T A L3O~ TH Y, =HEE EFRRCIRE
TIE L HAHEMN A D B, ZERICBIER S N7 =i
SR & AR IS S B OB EIC 8 < REREEED A P65
KIZBWTHEL T S0ENITEEREVCEE TS %
2, SO, AP TETE &y O—  EADOBA

o T, FOINRPGEROEM /M BRE2 T
DHERB S, AFFET, 1{EEOREENRSNLH
FOHBEHEIE TR TH S, P EOIIRUIE S
7% MR a9 %e 13 BEUATR OB RE I SV T O
HAEBEZLTHHD,

INEFELS,, O 3R E O KRFE VT T EEIC KT A8
BAEEIC L A 7 O— BT OB T, Mk o—03
Efskr 0— v OMBKRE HAEEFT BN, =fEEr0—
VPSR 7 O — O BT 2R AR RE L T
W5, [RIEE D B % 1t Nakanishi®29 - L D @& S hTw
Do HeOIE, TORPEEUMBHEO 7 O—VE=EEOD
D ) NhETNTHLTWANR, ZfEkoro— i3
kD & D7 ) ADO—Fh bl o EHBEL, KR
OPfEEII SR G aO— R In O T/ LEZT
ANAZ IO INSRER RS RIR L7z, &
OHEEBIE, FEHBRED =G HF V7 AR EOR T
BT AN & R ARMPFEST 52 &%, A
BT SENORELRIC L VB TEOR D AAPAEL
LT ERBPFEINTWAI LMD LTFHINLD,
ZOWENEL W ET 5 EZHERE T FOZRIhD
MEPERTRZE (3n) 73, AISAOBRBERD 5 VITERIC
IoEFE (In) CEE&ETAZLick), MEHK (4n)
PEU L2 I A, B/ ICHE S N7 PR {4 Tl mERE
BEL LT ERTFHRINLD, TOD LMD AN MR
Fickrn—v LTRSS TN SDTHA D, M
kA BROBRICE VR IND ET5E, FUTF
PURE RO IEAIT BB SR OVEUA Y / LA ST AR
KTHHBELEZOND, Gk, PIRSEOEIR L BOL
BRI oW T, B EEERICRTICHET S =
th & PR & 7 11— O CB RSN /2 AR S % R
LTWL ZEICENHHL ThEW,

NI | -El ectronic Library Service



The Japanese

Soci ety of Fisheries Science

BREOZ MK LUtk v T Foro— i 221

| 5

ABFGES [2EOBHHFEE | O—BL L TfF-72
FUT T RO & #5500 i 1 7 S R
FEBYIT SRR O 14, BB AL, 4w
BT L OCENTERBEOBEB O « 1IC1F R+

%o

JH—" Ak A—%— (FACS Calibur, Becton

Dickinson #:50) o FIC %472 - T2 15 B AR (2 75
BRI OW )15 8720 ¥ T FORIE & REBRIC 57
o TIKBS KA B BB = (LI B A
ERBI) LENAMK GREBRF) OB)% 8-,
R L TR A LI T < R4 5,

1)

2)

3)

5)

9)

10)

11)

12)

13)

X ik

NBRBL. BRI ORI I S A B D
MIR£HIBIEE. BUESMEE 1976, 22: 234-240.
Yamashita M, Jiang J, Onozato H, Naknishi T, Nagaha-
ma Y. A tripolar spindle formed at meiosis I assures the
retention of the original ploidy in the gynogenetic triploid
crucian carp, ginbuna Carassius auratus langsdorfii. Dev.
Growth Differ. 1993; 35: 631-636.

PHEEL BEMF. TS E Y s OB OB
CEDAEL 3SR T FDFAOREHKIZ ST
Bt 1972; 81: 67-71.

R BL. 3% EE 7 F o gynogenesis 17 B3 % Ml g
FHIPFTE. Bk 1971; 80: 316-322.

Yamashita M, Onozato H, Nakanishi T, Nagahama
Y .Breakdown of the sperm nuclear envelope is a prere-
quisite for male pronucleus formation: Direct evidence
from the gynogenetic crucian carp Carassius auratus lan-
gsdorfii. Dev. Biol. 1990; 137: 155-160.

N M. yo—U /0. wokf 1983; 9: 3341,
Nakanishi T. Kinetics of transfer of immunity by immune
leucocytes and PFC response to HRBC in isogenic ginbu-
na crucian carp. J. Fish Biol. 1987; 30: 723~729.
Nakanishi T. Histocompatibility analyses in tetraploids
induced from clonal triploid crucian carp and in gy-
nogenetic diploid goldfish. J. Fish Biol. 1987; 31 (Suppl.
A): 35-40.

# ft, #OMEE, RAPD-PCR 5L U7 4 VA A
A=V EBFVTF—{TFOr 00— OFH. H
KEE 1996; 62: 891-896.

B ff, #OEE, & H—. DNA7V ,vH—7y
VEETAVFA LRI = Ik BE T Fra—1 0
#A. BKEE 1996; 62: 747-753.

Umino T, Sakae K, Morishima K, Arai K, Nakagawa H.
Influence of the first-feeding delay on subsequent growth
and viability of clonal crucian carp, Carassius langsdorfii.
J. Fac. Appl. Biol. Sci., Hiroshima Univ. 1996; 35: 125-
138.

Umino T, Arai K, Nakagawa H. Growth performance in
clonal crucian carp, Carassius langsdorfii. Effect of genet-
ic difference and feeding history. Aquaculture 1997; 155:
271-283.

Ohara K, Dong S, Taniguchi N. High proportion of heter-
ozygotes in microsatellite DNA loci of wild clonal silver
crucian carp, Carassius langsdorfii. Zool. Sci. 1999; 16:
909-913.

Murayama Y, Hijikata M, Nomura T, Kajishima T. Ana-

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

lyses of histocompatibility and isozyme variations in
triploid fish, Carassius auratus langsdorfii. J. Fac. Sci.,
Shinshu Univ. 1984; 19: 9-25.

KRS, @i i, BTHHR, REEM. 3
7'+ Carassius auratus langsdorfii O [} F1 @ ki o
= OBRES. BN KSR EATTE 1984; 19: 27-35.
Nakakuki N, Toya H, Sawano K, Kajishima T. On the
fertilization of the triploid ginbuna. J. Fac. Sci., Shinshu
Univ. 1984; 19: 53-61.

Kojima K, Matsuyama K, Kawashima M, Kajishima T.
Studies on the gametogenesis in polyploid ginbuna Caras-
sius auratus langsdorfii. J. Fac. Sci., Shinshu Univ. 1984;
19: 37-52.

Zhang F, Oshiro T, Takashima F. Chromosome synapsis
and recombination during meiotic division in gynogenetic
triploid Ginbuna, Carassius auratus langsdorfii. Jpn. J.
Ichthyol. 1992; 39: 151-155.

AL, BRI, MTNEE. 7B REOSRE GO
WIS, #5I0F v 7 ICBR o B > T, e
FHEEE 1970; 17: 153-160.

Pwf—, KMZE FBROVIBEE. HEOER
1977, 3: 263-270.

PERBL, hERRIAL, PSRRI SR T i L OZTEC
FOELAERFE T FDIFRE, ZOREEIC S
T. HKGEE 1977, 43: 31-37.

MBI, BE R, S, JbEC R AER
K7 FO5Hi. BESMEE 1983; 30: 184-190.

IR L. fERMEE TR KRS LOH e PUIb: k7))
DAL FORBICOWC. AT ER 1984; 17: 75~
81.

WREIESE. 0=V E T RIS o SBESR
5. BRI 1992: 11: 569-574.

Nakanishi T, Ototake M. The graft-versus-host reaction
(GVHR) in the ginbuna crucian carp, Carassius auratus
langsdorfii. Dev. Comp. Immunol. 1999; 23: 15-26.
Umino T, Arai K, Maeda K, Zhang Q, Sakae K, Niwase I,
Nakagawa H. Natural clones detected by multilocus DNA
fingerprinting in gynogentic triploid ginbuna Carassius
langsdorfii in Kurose river, Hiroshima. Fisheries Sci.
1997; 63: 147-148.

Zhamg Q, Arai K. Flow cytometriy for DNA contents of
somatic cells and spermatozoa in the progeny of natural
tetraploid loach. Fisheries Sci. 1996; 62: 870-877.
Jeffreys J, Wilson V, Thein S. Individual-specific ““finger-
print” of human DNA. Nature 1985; 316: 76-79.

Spruell P, Cummings A, Kim Y, Thorgaard G. Compari-
son of three anadromous raibow trout (Oncorhynchus
mykiss) populations using DNA fingerprinting and mixed
DNA samples. Can. J. Fish. Aquat. Sci. 1994; 51 (Suppl.
1): 252-257.

Becak M, Becak W, Rabello M. Cytological evidence of
constant tetraploidy in the bisexual south american frog
Odontophrynus americanus. Chromosoma 1966; 19:188-
193.

i, BEORAEELER L ZOBREZE S L TOF|
H. KEERE 1997; 24: 3-20.

Takai A. Ojima Y. Tetraploidy appeared in the offspring
of triploid ginbuna, Carassius auratus langsdorfii (Cyprini-
dae, Pisces). Proc. Jpn. Acad. 1983; 59B: 347-350.

B, KFEE-- S0lEE. SKkBAEKC LY
TFWADIARETFDOHA L DNA < —H —i L BFE
2. HKEE 1997; 63: 201-206.

NI | -El ectronic Library Service



