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Abstract  Silver crucian carp, Carassius langsdorfii, a triploid gynogenetic fish
were collected from the Niyodo and Monobe Rivers, Kochi prefecture, Japan.
Clonal lines were identified by genetic markers such as isozyme patterns (PROT,
CK, PGM, GPI, EST), DNA fingerprinting and RFLP of the D-loop region of
mtDNA. A total of 17 clonal lines were detected by DNA fingerprinting and
isozyme genotypes. Six clones were common to both rivers, with ten and one
being restricted to the Niyodo and Monobe Rivers, respectively. In RFLP analyses
of the D-loop region of mtDNA, eight haplotypes were detected, one to the four
clones being included in each. Average haplotypic diversity(#) among the clonal
lines was relatively high (0.782) in RFLP, whereas the average inter-clonal BSI
was low (0.195) in DNA fingerprinting. The factor responsible for the high genetic
divergence among the 17 silver crucian carp clones was discussed from the view
points of their clonal nature and gynogenetic reproduction.
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HARDF > 7'+ (Carassius langsdorfii)id =&

T (B0, 1982), MEMREAICL 2% %
19 EShbN TS (KR, 1971; /R - B%,
1972; /NEFEE 1983; Yamashita et al., 1990, 1993;
#F-A0, 1996; #FZH, 1997). /NEFE (1983)
BT A VYA LOBEFIKEN/ Y — v B X BB
FElCEhidtiEEESY Y 7 HERARNIC EHD s 0
— Y DFEERDIz. EIIH (1996)IEDNA 7 1 ~
H—=T) 2 NeTA VA L) BHEDE)
EOX V7 FHEEFAO s u—  REXHBIL,
ZFNHD 70— 2 REEMICHEE 2B ES R
LENBZ L EMHL. 72, Umino et al. (1997)
IEDNA 7 4 > A =7 ¥ Ml o TLBEEE)|

EOBHAELEFADOX > 7+ 771EEZH B L7
B 6% HN—oNsru0— Y ROFHRTHLI L%

FLTWA5,

BAR=ZFHEHKT, »OoMEEEZIT)IF L 7FD
EiERERIE, BEBTFT/ L0HREE—REE
BMESIELEVWIEIIHELEEZLONTWVS
(Nakakuki et al., 1984; Yamashita et al., 1990, 1993).
XU TFOFEERIII O LD LR RSN
2R N0, EBHAOSHKEEZ 70— DREL
W) TETREL TS (FEiEA, 1996). LaL,
F U7 HEBOSHEMERD X H = X LEFRHET
INEBHLSHICTEHDICE, SRIMEIE~—7
—Z A, FHRERBTEZITV S 0-2R0%
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FRRB LUK 70— REOBIEH ORI %
AETEIELDVLETHLEEZOLND.
Fr7Froru—rHoFERIZIES T T, Hlk
WEM, 74 VAL L, RAPD-PCR, DNA 7 4 ~
A=V EPEHIN TS (R, 1983;
Murayama et al., 1984; Umino et al., 1996; # - &
I, 1996; #iZA, 1996,1997). F 72, mtDNA D
SHE s 0 — CHEOFERIZIELT LOAEMTIE R
wWs, su—rREOEFEEYRET S L TIRE
WELSEAFTESL, mMDNADLEAITHROLERZ
ERLTW5 &SNS D-loop 785D RFLP (R
W RZR) 547iE, PCRIEZFH VB 7-DIEHIC
ELHETHY, 20, HELSIMEZRLT
V5 (Martin et al., 1992; BEAE (137, 1994).
AMETIE, 2508 X CE—mIINOE
BAXRPOF Ly TFERIFREL, —D2DERAD
70— VR E REBMRET L7, 70— oA
BNIETA VYA LEDNAT 4 VY H =T ) v b %
w7z, F7-, mtDNA O D-loop #E15 7 RFLP 5347
ZITHIZEIE 0T, HRAERXITOIFVTF 2
U — > OmtDNA DNTT Y 4 TOREFIREEIZ O
THEL, TNODEEY—H—DHEERIZLY,
70— REEOSLOREEFAE L /-,

R B A A

HEB FrT7FORET 199453 A IIEHHE
REREOYEIN TR T, 1995€5H, THICE
HR PR O3 AR AP TSRO M) | & T iitis
DWSNTEML 7. 4@ EPEN OO O
FEEEIEI B L Z50kmTH L., FU 7 FDO=REMHIC
DWTIEIFRMERY A ABLUFEEY 78Ik
o THER L 7- (% T2, 1977, &, 1982: /)
BFEIID, 1983). ¥ 7 FORERKIIWER
TWT31E, ZEIKROWEIITSSE, A
JITI125BTH -7,

TAVHA LORRE  —20°C 1283 L 72tk M
DHREFROBENY) v 7EBEREE L, K
FRTY T IVERKBECL WV ERNT A
A LB L, BEBLAY 2 BLUOTA
VWA LIIFREE S /82 (PROT), Z LT F %+
—4¥ (CK;EC:2.7.3.2), RA7 7 VaL¥—
(PGM; EC:5.4.2.2), TAFJ—+ (EST; EC: 3. 1.
1.-), ZF)Va—2R" B4 X5 —+¥ (GPL; EC: 5.
3.1.9TH5H. EXIKENH /Yy 7 7 — I3 PROT,
CKIZXLTHM) AKRTEE—EDTA/NY 7 7 —
(TBE Buffer)*, EST, GPI, PGMIZxf LT, k)
AT L VEINY 77— (T-C Buffer, pH 8.0) % F\ 7=

(#13 - [@HE, 1980; #1, 1982; #EiIA, 1996).
BHOELTEDFFET 5 PROT, PGM, EST, GPI
DERIZDNTIIAD (1982), BLUEIETH
(1996)I25E > TFEL, CKIZDWTIFEITH (1996)
IZEVERFRIz R L.
DNAZ 42 A-=7) v NE HfaroiREL
7oA SDNA%R 7=/ —LCHIE L, HIREEE
HinflTHEAL L7, 12% 70— A5V CHBEL
7%, pTAV M7 TE#KRLILYNZ 227 0—
TERW, A=+ 7 IF 771250 DNAKTH %
R L7z (54137, 1990; Han et al., 1992; &3
7, 1996, 1997). DNA 7 4 A —71) ¥ MED B
AR O DNA W H /N> K3t EBSI % sk 7=
(Han et al., 1992). BSIiZ 2Nab/(Na+Nb)T kK %,
Nab (3 aflilf& & bEEDOH DOIELE /N FE %, Na
BLUNbIZaB L UbEERENEFNOEINY FEL
ThHb. TRXTONY FEEETLEEERE—2
O—>r &% lL, SRIOEBRTIE, F—DDNA 7
A H=T) v b2 EER SN F TS
xra—rRELEFEMNLE

mtDNA D-loop fEIEDIENE & RFLP 2347
H L7-DNA %8551 & | Martin et al. (1992)I2& > T
FREF SN T T 4 < — (L15560; #3525 23 mer,
Bt% 5" — 3' CAT ATT AAA CCC GAA TGA TAT
TT, HO1067; #5358 25 % 25 mer, EL % 5 — 3'ATA
ATA GGG TAT CTA ATC CTA GTT T)% F{\" T PCR
Z1T\>, mtDNA O D-loop fE35 % #4iE L 7=. PCR
I 3294°CL 53 % 194 7 )b, 94°C14F, 45°C147,
72°C1 3 %3084 7, 12°CTH %1% 47 ViTo
7o WIRLCHR % 43585 5 I3 SIEEESIFE
MOKIBREES (Hinfl, Rsal, Ndell, Alul, Tagl) TiHAL
L, 23% 70— L CTikBi L, BlbkzFow
LTYA%, RFLP #HRH L 72 (Martin et al.,, 1992:
EEIZD, 1994). 70— Y RHENBLF 70—
R, WEHSTLoNTO v L TORBIRR
L, SERoONT UYL TEHKE
h=2n(I1XT x2)/2n— )& KD7- (FRIF, 1990).

& R

TAVHALEDNAT AV H=T1) MI&D
28—2¥5] PROTIIAO (198D)IZR 57z 11-
2, 11-3, FEIIHD (1996)ZRSNIZI-5 & EhET3
¥ 4 THHRE SNz CK* IZ=D D LIBIEF *a,
b, *e BFEEL, TN DEEZFEIL a/blc, alalb,
biblc D3 % 4 THHEH S N7z, EST, PGM B & UFF
xR e L LAGPLIZOWTIZEERIZE-TH A
THFL, FNHE—HLEVIOREHTH LS A



Table 1. Pheno- and genotypes observed of 17 clonal lines in silver crucian carp, Carassius langsdorfii
Phenotypes of clone
DNA fingerprinting 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
mt DNA haplotypes I 11 11 [ Iv | 11 \Y% 1 VI III Vil VIII VI VI \% VI
Protein polymorphism
PROT*' m-2 5 U2 02 w2 02 02 12 U3 02 2 n2 12 12 12 12 12
*CK*? alblc  blblc alblc alblc alblc alblc alblc alblc alalb alblc alblc alblc alblc alblc alblc alblc alblc
PGM*3 1 2 3 4 5 6 3 7 2 | 8 4 9 4 8 9 6
GPI (muscle) 1 2 2 | 1 1 1 2 1 1 2 2 2 2 1 1 1
GPI (liver)* 1 2 3 4 5 6 7 8 9 10 10 11 7 12 4 12 13
EST* 1 2 3 4 5 6 7 8 7 9 6 10 8 4 11 8 7
Observed number 10 16 5 26 4 20 6 36 6 10 66 3 12 12 2 2 7

*! Phenotype classes according to Taniguchi(1982).
*2 Genotype classes according to Dong et al.(1996).
*3 Phenotype classes according to Dong et al.(1996).
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Fig. 1. DNA fingerprinting of clonal lines of 11, 9,

10, 12, 17, 6 and 16 in silver crucian carp, Carassius
langsdorfii detected by genome DNA digested by
Hinfl, and hybridized with radiolabelled YNZ22
probe.

T LTEMLZ. ESTREESHRICESNZ75 A
TESEF LAY A THROLN, HbETII
7 4 7H, PGMIZBRIRICE SN2 6 5 14 7L 4
FHLL3ZATHRDLN, HbETIF A TH,
frig = sk & LAGPLIEEERICR o770 %
ATESRFHLL6Y A THRDLN, HbET
135 4 THfERE N, BHREHAEE L-GPLIE
294 THRERRENT:, FNOEHAEDLELTI L
W& D, 17070 FRAVH B &7 (Table 1).
DNA7Z A4 Y H—=71) Y ML) ro— U H7)&
niz1Tora—rRIE, TAVFAL L=
LDHFTEZD DL —F L7 (Fig. 1). [—~z 0
—YHNTEFTRTONY FEL, BSIE1ITH
57z (Fig. 1). 17027 0 — > Z# R OFH BSIE
0.195THho7:. FEFMAD 7 10— RFKEDOFEY

Table 2. Average values of interclonal BSI
within a location

Within a location Average BSI
Niyodo R. (16%) 0.204
Yanase R. (11) 0.249
Hake R. (13) 0.212
Monobe R. (7) 0.201
Mean (17) 0.195

* Number of clonal lines detected.
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Fig. 2. Frequency distribution of clones detected by
DNA fingerprinting and isozyme.

BSIiE, 1Z3ENIA%0.204, #ERIIIA0.201 &7 1),
“E N KRN O IRN O FE) BSTIZHNE ) A%
0.249, #EMN)IH%0.212 TH - 72 (Table 2).
HAEN 1T REO 70— OhT, ZiElB
L UWER NI T AR 7% b DL 6 /M, ZiE)ll
VAR R D DT 10588, IEINAFRENZ SO
T 1IRETH o7z, AZENIIKRA DM 2 38
&émus%ﬁ,mﬁmnﬁiwﬁéwd3%ﬁ,
ENNNCEREN LD SRETH o7, REH
EHTAL RN u— Il BEEIE
WATR & 1L7: (Fig. 2).
mMtDNA D-loop %R 18 O 18 18 & RFLP & A7
PCRIZ & 1) #41ig & #7172 mtDNA D-loop $8 3% O W
B oW 4 X3 SN 72452100bp TH 5 T & 5
ATEL., FBETLICRE SRR,
Hinf1 7539 4 7, RsalHh®2% A7, Taql 554 4
7T, Al 325 A4S, NdellHhS29 4 T THh o7
(Table 3, Fig. 3). COHTEHEEDNY FOSEL-T
WABESHH Y, HinflO3IZ AT ETagld 15 1
7" (d) T, #HEH S 7z Total fragment size AM DEE
FITHTH1000bp/hS KR O/, E 72
MOBERIIBVTHRETELWVIZE/NSVRTA
ASER® b, Total fragment size DERIZES LT
Wa Ll SN EBREROS A TrilAhEbE
I2ED, 8D (I~VINDNTTF £ THF)



F2T7FH0-2nMH 25

T&E 7/ (Table 4). T/, —oDO/NTay 4 7I|C
I~4D 70— RZFEFEENTVE I EHHEL
7-.
IhEFFiic—onsu— Yy RANTEBRONT
0% 4 7HARETSEI L3 h o7 (Table 1). H
HLaNTa% 4 T RNARTTIZ 4 THH

Table 3. Approximate sizes of mtDNA fragment
with D-loop region of silver crucian carp,
Carassius langsdorfii digested by
five restriction endonucleases

Hinfl Rsal
a*! b c a b
420%2 420 420 1110 1110
250 250 420 420
210 210 350
190 300
130
80 80 80 1880 1830
940%> 960 840
Tagl
a b c d e
2100
2000
1250
1200
620 620 620
2100 2000 1820 620 1870
Alul Ndell
a b a b
1150 1150 910 910
400 400 600 600
350 380
280 190
1900 1830 1890 1700

*! Restriction morph.
*2 Fragment size(bp).
*3 Total of fragment size(bp).

(bp)
1110—

420—

$80—

Restriction
morph

abaa aabb

Fig. 3. An example of restriction fragments patterns
of D-loop region of mtDNA digested by Rsal and
Alul.
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Fig. 4. Frequency distribution of mt DNA haplo-
types in the Yanase River upper branch of the Niyodo
River system and the Hake River lower branch of the
Niyodo River system and the Monobe River system.

HL, T09b4% 47V, VL VI, VI Z#E)
KBRIZDOARBO SNz, WEHNAKRTES A TH
HEL, 1547 AN DARED LNz
(Fig. 4). N70% 4 TEHREILETO.782, 1ZiE
JIZKFRTO0.781, EIAKFRTO0671 THo7z. =
ENAKZA T TO0.775, EAMNIT0.775T
o7 (Table 4). F—/70¥% 4 THRHO7O—>
ZEODNATZ A ¥ H =7 v s DOFEHBSIIE
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03450290 & f&k#2 > 7= (Table 5). —Ff, N7O¥
A TVILEENS2RHEBOBSIIZ0.740 & &>
7=,

Z 2

U7 FERIIERD 7 0 - RZFEDRIEER
ThbHIENH TS (FEiID, 1996). KHFFE
TGN - WA AR EDLETIT R LD
EHDOIO—-VRVBRENTH, TAVFALLE
DNA7 A4 Y H =) NDEFNFNDT—H—|
L ra—- HBINTRETHY, ENH2v—H—
D7 a— HANOMREA L —E L7, mtDNAIZ
BUFs—o0nTay 4 A3 EHO s 0 —- 2 %
HEIN Tz, 4[A1D RFLP 447 Tld 4 D-loop
FEIHOE B OERELRFHLIIGBET, 4435
WZE L OFIRBERETH V25, BEEY—7 AT
LI EIZXoTHRIEENANTTO ¥ 4 THIZHEN
THAREENH S,

NEFE (198)IXLBEED T » 7 » li#E &
BIZLoTHELALEZS, #HIBIZL > TEHKA
BEFARTH—2Dr0— L ZPEEHDITE AL
EEDLZEEFRELTWVWS, EiID (1996)35
HESENTE Y 7 FRERIZTOD 70—V R
PBHEETAHILEHE L TWD. Umino et al.
(197X EBEREIITEF > 7 717 HE AR L
723, 86%NIRHED I U= LDOFHT

Table 4. Frequency distribution of 8 haplotypes of
mtDNA and haplotypic diversity (%) in the Niyodo
and Monobe river systems

Niyodo R. system

Haplotype Monobe R. Total

Yanase R. Hake R.

I (aaaaa) 11 36 15 62
IT (badbb) 10 0 6 16
1II (cacbb) 69 2 6 77
IV (babbb) 0 4 4
V  (bbbbb) 7 31 0 38
VI (bacbb) 14 7 0 31

VII (baebb) 3 0 0 3
VIII (aacbb) 12 0 0 12
n 126 86 31 243

h 0.775 0.775 0.671 0.782

*The letter parethesis in each haplotypes denote re-
striction patterns for Hinfl, Rsal, Taql, Alul, Ndell
from left to right.

HY, BYD4%IEFE—D 70— Tidenwl &
PHE L7z A RFAE LA AR OHIEE,
ENNOWmEZRECTHEBEO 70— U H8RHERS
N7z, AN EWER IO ORI 50 km B
THY, SHELRBEZER IO 26T, HED
ya—A6RFELR LN, TDL ) REEEN
WINEMA L BO 7 O— 0 Fr 72 EEEME
LTEETLIERZRELTVS,

ya—CFOPIZIEINTAIAL TVIEENS2
RFED L HIZFA—NT O ¥4 ST, DNAT A U H
=7 Y FOBSINEL, HBEOTAVHFAL LD
Y = R L LFOBIRIICHED T (M- T
WAELDH RSN/ (Table5). DT EIFIns2
Rk @O 70— U2 5 iRAE LW et R TRIE
LTwa., 70— ryRAOSLIZDOWTIIIIE AR
DAY Z HHE N T 5 %% (Murayama et al.,
1984; KiRI3H, 1984: Zhang et al., 1992), —fEF
Dra— U HIZDOWTIHBHLAFELH ) (NEF
B 1983; M - 4400, 1996; Umino et al., 1996;
EIA, 1997), B ESHICHETLLEND
5.

EFPOBRBOBEL LA NT0 85 4 TEHE
Ex, MHRELXITH)F 7FethoFmEEE
THOEELEOBTHRTEZENTESL., NTO
5 4 TEBREIL< ¥ 1 T0.892 (Tabata and Mizuta,
1997), A5 ¥ F7T0.922 (Chow et al., 1997)& FH\»
DIZFTL, Fr7FTIERREVE (0.782) & 72 >
7. LdL, ThoipRELIETS L, RKA
THAFYTFONTOy L TEBREI TS
WLV IR TWAEEZ NS,

7, AELETA VYA LTREELDERN
M &, GPI* CK* 7% P OBETFETHS
MPIIANTORITCH o7, IN6DTEhLFUT
Fidro—reFE LV O- VESML BB OE
EZFEONT OIESME, mDNAICBITANTO¥

Table 5. Average values of interclonal BST of DNA
fingerprint within a haplotype of mtDNA

Haplotype Average BSI
[ (4%) 0.199
I (3) 0.065
V (2) 0.740
VI (4) 0.347
Mean 0.345

* Number of clonal lines detected.



FT7FH0-2nH 27

1 7D%ME R EF L VEIENSEEYNELT 5
TEEMEVIFRRICTOIENTEL, Z0LD
¥ 7T OBIEHSHREIFOBRERZETH 5
70— YROBREOE S 2 LRETLILDEEZ
S5h5.

— BB L AR ELRBET TS
WEWVbHbRTWBEH, ¥ 7FEFOEREERD
T2, AEERRKBOERRRND—DDHIE L
RedI2eNTcas.
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