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Identification and distribution of gynogenetic clones in silver crucian carp Carassius langsdorfii
collected from the Dokanbori moats of the Imperial Palace, Tokyo, Japan

KATSUAKI MAEDA,! DAISUKE NISHIMURA,! HIROTAKA MAEMURA !
KAGAYAKI MORISHIMA,2 QUANQI ZHANG,? TETSUYA UMINO,!
HEISUKE NAKAGAWA! AND KATSUTOSHI ARAI2

\Graduate School of Biosphere Science, Hiroshima Universily, Higashihivoshima, Hivoshima 739-8528,
2Graduate School of Fisheries Sciences, Hokkaido University, Hakodate, Hokkaido 041-8611, Japan, 3College of
Marine Life Science, Ocean University of China, Qingdao 266003 China

A total of 201 silver crucian carp Carassius langsdorfii were collected from the inner moats, Kami-dokanbori,
Naka-dokanbori and Shimo-dokanbori of the Imperial Palace, Tokyo, Japan, in 1996, 1997 and 1998. These moats
were constructed about 400 years ago and the Kami-dokanbori has been separated by a 10 m high causeway from
the other moats for at least 100 years. Ploidy determination by DNA content measurements using flow cytometry
revealed that all the specimens examined were categorized to 196 triploids and 5 tetraploids. All the triploids sex-
checked (n=136) were female except for 6 immature individuals. All tetraploids examined (z =5) were female.
Multilocus DNA fingerprinting identified 7 clonal lines (clone I-VII) based on the genetic identity between at
least two samples. Individual specific DNA fingerprints were detected in eight specimens, suggesting the
presence of 8 or more independent clonal lines. Among the 7 clones, clone I was the most predominant in the three
Dokanbori moats, but the frequency was different among the samples examined in each year. Clone I and VI in the
Imperial Palace were genetically identical to clone 8 and 6 detected in the Chugoku district, respectively. High
genetic similarities between clone I triploid and four tetraploid individuals shown by DNA fingerprinting analysis
suggest that these tetraploids may be produced by accidental incorporation of haploid sperm genome into gy-
nogenetic triploid genotype.
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Table 1. Frequencies of diploid, triploid and tetraploid 2kb

silver crucian carp Carassius langsdorfii collected from 1234567 8910111213
three different inner moats, Kami-dokanbori, Naka-
dokanbori, and Shimo-dokanbori of the Imperial
Palace, Tokyo, Japan

Fig. 1. DNA fingerprints of triploid silver crucian carp
Carassius langsdorfii specimens from the Kami-dokan-
bori moat, the Imperial Palace, Japan, digested with

Moat Vear Fish Ploidy (%) Hinf I and hybridized with a probe (GACA),. Lanes 1
i M0- Diploid  Triploid  Tetraploid —2: clone 1V, lane 3: individual specific DNA genotype,
Kami-dokanbori 1996 36 00) 35( 97.2) 12.8) lanes 4-5: clone VII, lane 6: clone II, lanes 7-8: clone
1997 72 0(0) 71( 98.6) 1014 III, lane 9: clone 11, lane 10: clone VI, lanes 11-13:
1998 48 0(0) 45( 93.8) 3(6.2) f}llone I1 Molecular sizes are shown in the right side of
Naka-dokanbori 1997 15  0(0)  15(100 )  0(0 ) € gel
Shimo-dokanbori 1996 30 0(0) 30(100 ) 00 )
Total 201 0(0) 196( 97.5) 5(2.5)

Table 2. Sex ratio of triploid and tetraploid silver crucian carp Carassius langsdorfii collected from the inner moats, Kami-dokanbori
and Naka-dokanbori of the Imperial Palace, Tokyo, Japan

Triploid Tetraploid
Moat Year — -
No. Female Male Unknown No. Female Male Unknown
Kami-dokanbori 1996 35 35 0 0 1 1 0 0
1997 41 37 0 4 1 1 0 0
1998 45 45 0 0 3 3 0 0
Naka—-dokanbori 1997 15 13 0 2 — - — —

Table 3. Clonal lines in the silver crucian carp Carassius langsdorfii collected from three different inner moats, Kami-dokanbori,
Naka-dokanbori, and Shimo-dokanbori moats, of the Imperial Palace, Tokyo, Japan

0
Moat Year Ir‘11:)h Clone (%)

: I 11 11T v \% VI VII Others
Kami-dokanbori 1996 35 11(31.4) 7(20.0) 6(17.3) 9(25.3) 0 0 0 2( 5.8)
1997 71 47(66.2) 4( 5.6) 3(4.2) 11(15.5) 0 2(2.8) 3(4.2) 1( 1.4)

1998 45 25(55.5) 0 12(26.7) 5(11.1) 0 0 3(6.7) 0
Sum 151 83(54.9) 11( 7.3) 21(13.9) 25(16.6) 0 2(1.3) 6(4.0) 3( 2.0)

Naka-dokanbori 1997 15 7(46.7) 4(26.7) 0 0 0 4(26.7) 0 0
Shimo-dokanbori 1996 30 23(76.6) 0 0 0 2(6.7) 0 0 5(16.7)

total 196 113(57.6) 15( 7.7) 21(10.7) 25(12.7) 2(1.0) 6( 3.1) 6(3.1) 8( 4.1)
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BREXROER AP/ 0—vTh A E DR T
ra—y 1 ~VO5GERLE, T, T, it FEESs
LHEEBEOR AICR SN, 7u— v VIZTEEEIC
R TH -7, 70—, VM, id EEEED LI
Ront, BEESAECKENT, 7o~ VIOHIER
BAEDL -7 (57.6%, 113/196), LEEEIC I
5% OPEEEE, 1996 T 31.4%, 1997 4T 66.2%,
1998 T 55.5% L FBICRL » /2, 71—V N KIS
BELER Ry a—y (12.7%, 25/196) TH-7/oh, %
O FEEBIC ST AL 1996 4T 25.3%, 1997 £
T155%, 1998 F T 11.1% & B/ 5 7, 1996 413
B3Oy a—IE, 1997 FICiT B L, 1998 £
BE<Roha kol FTEOHBEEROEN LY
D—vIIICBWTH RN,

ek 0— CMOEGHELE HEEOF VT
DO —VEE 6 70— ODDNA 7 T —7
Dy rER— ATV THELTBSIAREHL
(Table 4), BSIfEi~F#i: /o — 7336, 33.15,
(GGAT), O % » T 0.382 +0.127, 0.351 + 0.085, 0.334
+0.084 THo7z, 7O—v 1 &L, 77—V IV,
yu—y 1 EVOHAEHE T, $XTOTI—7IC
BOTHFH LD SEWEETRL, Fricr7a—vI VD
Faﬂ@lﬁ{fﬁ/jfﬁfu@:—@i% no fCo

higfE s 0—> EMYT (BBE, IIRER) &
BEEEEECHAT LY VT a— OFEERTEND
AHIzdIs, MEDODNA 7 4 vii—7 U v Mewi L

B, vEFS, HUR, R, o MR, P TR

Jo& A, BEOO— 1R E 70— URHD,
FEMFO 16 70— B0 ro— 8 R L v a—
VEFRME, ThENF Dy — v LM s T
(Fig. 2),

ZEELEBEOBEIBEMGE 1997 410 1 @E{E,
1998 F£1C 3 EFEE S N/ PUREARIC DOWTDNA 7 o+ v
H—=TV V5 klk-722 5, 4fAfkLLEF
D=y —v T EEPERE D - 72 (Fig. 3), M
TR, ZfEEO s O— 1T O —ICE O DNA
Wih bz /- DNA 7 v/ H—7J v gaRL, Eix
BCiE 1 EkEIC 2re - 72 (Fig. 3),

BiRro—y 1 LS EROMT, 1HIREFRE 2
O—7TEONZDNAT + vH—T7 1)V F{&DBSI
ARl AT ETCHEL/ZZE A, FIHT0.946~
0.948 DR T MEAE S /- (Table 5),

% 2=

BIFRIOBIN 5\ T, BIEEERICIEF v 7 F=651E
B RUTEBFEAERL, REREDNA Y v —7
DV g s, S DLOTRRIIMHMERE 70— TH
AT EDNHBL 72, ABFFRICKE VT, 3EMICHAD
200 HEORFEEEOY /T ERELILEIAH,
97.5% M=A51R, 2.5% HIEMGHAT, ZfEkiEe < HE
Lishotze SNHON, HEHEETT - /2fEE 3T
METH 72 LEOFERIT, CHOOEEIEEY7F D
TARTCHMEBEREIC LD BEEMICEM T 5 C L aRT

Table 4. Interclonal BSI values between 6 clones (I~IV, VI, VII) of the silver crucian carp Carassius langsdorfii collected from the
inner moats of the Imperial Palace, Tokyo, Japan
Probe Clone no. OB Clone
11 111 v VI viI
33.6 1 29 0.621 0.222 0.250 0.393 0.441
11 29 0.349 0.250 0.361 0.441
111 34 0.393 0.262 0.644
v 27 0.295 0.475
VI 32 0.339
VII 30 (m+s.d.=0.382+0.127)
33.15 I 36 0.494 0.250 0.267 0.405 0.304
1I 41 0.368 0.300 0.238 0.333
it 35 0.378 0.359 0.538
v 39 0.341 0.341
VI 43 0.349
VIL 43 (m=+s.d.=0.351+0.085)
(GGAT), 1 32 0.421 0.413 0.433 0.345 0.358
11 25 0.286 0.302 0.345 0.328
11T 31 0.203 0.421 0.448
v 28 0.259 0.25
VI 26 0.194
vl 36 (m+s.d.=0.334 £0.108)
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Fig. 3. DNA fingerprints of triploid (lane 5: clone I) and
tetraploid silver crucian carp Carassius langsdorfii
(lanes 1-4) from the Kami-dokanbori moat, digested
with Hinf I and hybridized with 33.6 probe. Molecular
sizes are shown in the rightside of the gel.

1 23 45 6 7 8

Fig. 2. DNA fingerprints of triploid silver crucian carp
Carassius langsdorfii specimens from the inner moats Table
of the Imperial Palace, Tokyo (lanes 1-4) and the
Kurose River, Hiroshima, Japan (lanes 5-9), digested
with Hinf 1 and hybridized with (GGAT),. Lane 1:
clone IV, lane 2: clone VI, lane 3: clone VII, lane 4:
clone I, lane 5: clone 9, lane 6: clone 8, lane 7: clone 7, Clone/ Band Tetraploid

BSI values between clone I triploid and four
tetraploids of the silver crucian carp Carassius lan-
gsdorfii collected from the Kami-dokanbori moat of the
Imperial Palace, Tokyo, Japan

lane 8: clone 6. Note the identical DNA fingerprinting Probe Tetraploid no.(.2 Kb) XnA Im 45
patterns between clone VI (lane 2) and clone 6 (lane -
8), clone [ (lane 4) and clone 8 (lane 6). Molecular 33.6 I 22 0.936 0.913 0.933 0.913
sizes are shown in the rightside of the gel. 4nA 25 0.980 0.958 0.980
4nB 24 0.936 0.958
4 nC 23 0.979
My SIBIEE L /A AT A 1T 5 S i 4 < 40D 2 (mesdm0si00)
RN o/, F72, BREOFIC LT 4 B (GGAT), 1 17 0.955 0918 0.977 0.933
Pt g MEHESRZE I LR LI 4 < 5 L o ” PR T
W R EBIGT B7eb ORM L L O TR ETH L nC s [,
Do* G- T, BRI MOMEOUEN KT O % » 40D 23 (misd.—0.948+0.025)
LCBIS LT DTIREME A B % PURE R0 DNA 7 ¢ v
ﬁ~7UVF@‘4@¢7D—y®~ﬂ®%ﬁ&@ﬁm
CEAUT 5 C & D, PURSREEKIES T/ ADBIEH B L UC, 7 a3y 7S Carassius cuvieri, /N7
BOAZIZ L OEL TOATTREME A E, EE, =k L v Hypophthalmichthys molitrix 75 dh g B8 <, 7 L
DOUIOIREALII L 0T 2R 0 A Eh, P kaE L T, kb, B XU T EEE TE Y o Pseudorashora
ToPl DG AT 5,220 58 5 ¢, USROS ) I parva RIS N Tz, F/o, DV AT A Cvprinus carpio
O, ZfEfkro—y e r JARGIEE LK 12y BRI (R A3 PO B TR ST 5,19 B LIS O
FOT S AOEESPYIUE, BT O Lo 2o IEEFETId 79 C awratus subsp., >/ a7
FFETELBEMAS A, Foad, Nv L, VR g Clenopharyngodon idel-
BT AR EFONCE L < B - 7~ E, RO lus DERHAHENT VL0 WED LA, TA5H
1(!@@%‘]7‘(’: o THMEERATBIG N, 6 208 ] JEI(E«%:\:(/)FZ&@T VTS AR OB H R -
VORI L o TLF v TS OIS ET 4 L ABLNLN, TORESSHOBE L L s,
B L, :T VT EIGRE L RN E L S R b DNA 7 ¢ v 91—=T Vv M X 5 7 o— o ST
D, BT O#EE &7 - TO BRI E 212 < W, PO EERICE T TEEO 7 00— %080
SEOBEHRABEOKRS T, ¥ 7 Uso g N, SHICEFERRNEDNA 7 ¢ VATV h
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