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Genetic Identification on Natural Population of Triploid
Crucian Carp, Carassius auraus in Korea
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Natural clonal stock of triploid crucian carp, Carassius auratus was identified and its cytogenetic, molecular genetic and
morphological traits were studied. Cytogenetic analysis of the clonal crucian carp revealed that they were natural triploidy, evidenced
by 1.5-fold increases of cell size, DNA content, and chromosome number. Multi-locus DNA fingerprinting using (GATA). probe
showed that they had an identical fingerprint profile, indicating the clonal propagation of the population. External morphology and
morphometric characteristics of triploid individuals were much uniform compared to those of diploids. Natural triploid crucian carp

was proven to be all-female in this study.
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590), Carassius auratus= Q0| ol &3l Y o220z A
2 v A9 2 34l dy] HAET glod WA @ 4
T U AFes FoF HAE AXFT Utk B oF EFHe
LinneZt & @43 obAokib-& Cyprinus carassius 2 C. auratus 2
Az H9F oA, 1832 Nilsonol %0 & (Carassivs) S %
Aste] Jol£o 2 RE Redto] AF7A AHEHo 231 glov
3 Fole geisty g Qe ZioAM B HolEH o}Fd
4% A7 A=RE A (Kim, 1998).
%3] 8ol IS F Carassius auratus gibelioS X33 ¢
GEL e 5EF f1F A AT F2E Za
(Cherfas, 1966; Liu et al, 1978; Fan and Liu, 1990). ©}5 &
< AE 2719 i3t & w3l (polyploidization) S 53
b sddts Aoz dEA Jdov dEY F3 a3 Ao}
FANA AAA A Fdoly 4uiH ko] BnPorM ofF
T4 % BHEH FHAA S28 HHE AFH v oy
(Kobayasi et al., 1970: Ueda and Ojima, 1978; Takai and Ojima,
1983; Zhou et al,, 1983), ¢-2-tete] FAo wi5A] Bo ey
EA K5 by THE b Hoh

dALBN FAY FHAEDE A}

21

1=}
: o
o
s

)
b

i gm

LS

o]l & Fof A Fde AHAE
S5t 43 AAZ 2Ass ALY HUAA (gynogenesis) S
e @ W S43td A4 713 REo
(Cherfas, 1966), ©1&3 24 AAYA Bojge
AZF olYde BEAY fHHez 9%
population) &2 &l A Qlch, whelA Bof 3w
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Fig. 1. External morphology of triploid crucian carp of Haman
strain. Bar indicates 2 cm.
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4. Flow cytometry

A¥ 7] DNA &% 23L& At Y AEE 422 Nam
et al. (2001)¢] #ol o3} flow cytometryE FH3tA &Fd
A ® 1mL (1226G) FA7IE o]F9) nEFAo2HE & 02
mLY AL HHeuch AHE A4S APAGFE 23 w=E
A4 "G & o 1X10°0Y MEE 1mLe 10% propidium
iodide (PI) B4 &9 (Kinesis kit, BioRad)®) %ol 4T 94 4
ejol A 0B 7 dAastgth ddo) ¥ A BHdE WinBryte
HS flow cytometer (BioRad)E ©14-3tod DNA ¥#<& ZA 33
T internal HEZLEA REx AYF (28 pgeel) AL
WEL (70 pg/cel)E EA AHSHH T

5. Multi-locus DNA fingerprinting

A Fo] e fAFY FAE A AWM muti-
locus DNA fingerprinting® 43, 159 & ¥ & #UdA
o A#olo Ao zREH DNAS $&317] 98 0.1mLe B
AEE 10mLY ¢%2¢9 (10mM Tris-Cl; pH 7.5, 0.12M NaCl,
0.1 mM EDTA; pH 75, 10% SDS, 200 yg/mL proteinase K)l
g 5 50Col M 16417 B BEAIATH £3 w30l ERHY
AgE deoz A4 43 H, TE (10 mM Tric-Cl, | mM EDTA;
pH 8.0)-saturated phenol, phenol: chloroform (1:1=vIv) % ch-
loroform : isoamy! alcohol (24:1=v:v) extraction® TAHOZ
Zestn npAg Nyt ¢aHH 454 A F 1/10 £FY
3M sodium acetate®t 28] &3] ethanol® A7t3tel DNAE
ARAANZT A8Y DNAS 3538e 70% ethanol® FAE F
TE $% £ (pH 80)° o] 4 ¥l A1&3t5ch £2€ DNAS
©] 43¢} Nam et al. (2000)9 W¥iol ¢/73te] Haelll A% &
%9} oligonucleotide probe (GATA).S ©l&3tl fingerprint
profiles Z43tglt}. Hybridization 3 detection digoxygenin-
11-dUTPE EA @ oligonucleotide probe (GATA).% non-radio-

oY
olo
lo
o
ofy
o
uf
o
i

SEfStA xAL Y MH| (sex ratio) M

oF 12cm e 2viA 2 3uiA Z 12wk E WdLR
13t AFE A 2ALS Yo A
=2 zAsQon AZEEAL
¥ Alolg) o) mEAF o

>

4 >
we
)
o
wh

o
k)
2
ol
2

o ofy
-_)‘.l__:‘
X
o

Hir
o,
i

i\

o A% BAe] AS A 2 3]
23he] W7} $39 A9 £
WS kg 47 AERASE 2

2
2
S
e
2 Ju
2
X "
.
M 2 g
fll
ol
o

1.‘{1

of AR e Ause] 8y
ERREERERES

7. XY 3uix| EHE A

ot A ool T ofel A A Fold X Tbe
Qe Ay g8 =4 FERQ, &2 € A A9e gdeE
AFe #3899 (Fig 2, 4 AGolA HHE ARE2FH
na9 2 Aurd NAES YA 2 flow cytometryS TR
A 3EA 2d R O NEE EAIAT

B 38°E -
o.
B 36°E-
= 34° E-
O 100 km
1 1
126°S 128°S 130°S

Fig. 2. Map showing the sampling sites of triploid cruican
carp. Stl, Haman; St2, Sokcho; St3, Chumunjin; Std,
Nonsan; St5, Samrye.
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ALt 3ufA Bol & Yo WE F3HH T 591

86.52 um’> R 9 45994 ym’) ¢k HIZA] 124 R 13189} 2V
20 Ak He A7) GA] 3uH 7zt (EUA 2047 ym® 2 R H
44,03 ym*) 290 A (EWA 1351 um® 2 27 2735 um®) ¥ 3
152 3 Leldl ZA Jeby el APAQ EAE BYFT}
(Table 1).

Table 1. Erythrocyte measurements of diploid and triploid cru-

cian carp
ltem Triploid Diploid (i‘}g‘;)
Cell
Major axis (um) 1627+ 033° 13.59+0.14* 120
Minor axis (um) 841+ 029° 787+0.15* 107
Surface area (ym?) 10747+ 433  8652+123* 124
Volume (um?) 60329+4362°  45094+620° 131
Nucleus
Major axis (um) 774+ 013 5671008 137
Minor axis (um) 353+ 0.47° 303+£003* 117
Surface area (ym?) 20474 043  1351%130° 152
Volume (um?) 4403+ 090° 2735085 161

Means (+SD) with different superscripts within a row are
significantly different, based on student ttest at p<0.05.
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Fig. 3. Metaphase spread of triploid cruican carp (3n=150).

2. DNA &

Z 487 DNA &% flow cytometry2 #4438 F#4E Fig,
4o vepiAdct mFeA HEF (28 pgleel) 9 AL WY F
(70pg/cel)E WRTOLE AME3te] Fol 2ulA9} 3ujA 2] ge-
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Fig. 4. Representative histogram generated by flow cytometric

analysis, showing average DNA contents of diploid and
triploid cruican carp.

%7}€ DNA &% o

3. DNA fingerprinting

Haelll &3 E29 (GATA), probeE ol§3ted FotaA
HE Bl A A& P22 multi-locus DNA fingerprin-
tingS F3% 43 49 ZE NA7E 257 Y $ fingerprint
types 2T &ol #FHol £ 3ufA FEL clonal line2 2 W

H3o (Fig. 5).

4 EeEH 53
A ol A Bolsh §hoz ¥mA Y 5439

AFol2 UEAE ¢gtout 26a tzTs ¥maA] B 2E g%
& A79 S YERT AU o9 AL A (PP

AZ 33 (4RFe)E 29027 vzd A3E 42 Table 2
2 3o JERATE Table 2014 B%e] 3t A9 F&2

©o a4 33~49, 2 Ao tE Fo dole 25~31R
veld Az Aolsl gEsiony v A F&F5e 4 v
e ZAH BE AAA BF 0742 Hol7l Y ge AL
Vel (Table 2). £3 #4449 4714 A2 A A, 3=
v Ao we) 2 FEAztol 9~85% WHUZA 2ulA o] v
AAL AEFHo] W dFELS ¢ 5 AUk (Table 3).

5. Mu| 24
aoto A AZYE Fo] JdelM T2 ALd A AAE
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Fig. 5. Multi-locus DNA fingerprinting generated by Haelll

digestion of DNA from triploid cruican carp of Haman
strain, followed by hybridization with oligonucleotide
(GATA). probe. Note the identical hybridized pattern
among triploid individuals. Figures in left side are mo-
lecular weight sizes in Kb.

Table 2. Comparison of internal meristic traits between diploid
and triploid crucian carp

Characters Triploid Diploid

Gill raker 33~48 (45) 31~50 (46)
No. of vertebrate 30 25~29 (28)
No. of lateral line scale 30 28~31 (29)
Intestine length/body length  2.5~3.1 (29)  29~73 (53)

Numbers in parentheses are modal numbers.

Table 3. Comparison of morphometrical traits between diploid
and triploid crucian carp

Body Triploid Diploid Relative

. variance

proportion  Mean SD Mean  SD (3n/2n)
BW/SL 2.89 0.16 227 027 0.35
SL/BH 282 0.03 268 0.06 025
SL/BE 8.55 0.24 8.92 0.26 0.85

CPD/CPL 1.09 0.03 0.83 0.10 0.09

BW: body weight, SL: standard length, BH: body height, BE:
breath between eyes, CPD: caudal peduncle depth, CPL: cau-
dal peduncle length.

< oz HAAE BAE A 33d) 23 EAA YA
2E MAY gAoE L #ge A
Aoz #FHAT (Table 4).
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Table 4. Sex ratio of natural triploid cruican carp population
from Haman, South Kyoungsang province, Korea

Trial No. of fish examined Female Male
1 18 18 0
2 19 19 0
3 24 24 0
Total 61 61 0
6. X|odg Fof TEte| A &£ HIT
=i 2R &£z D AAZREY A o AGE gL
2 3ud 2@ NEE 2AS 2T BE AHdA 80% o
oA BIEE Hgon NgEEE N2 o2 YT
z A N 2882

Table 5. Incidence of triploidy in four local Korean popula-
tions of crucian carp

Local population

Nonsan Chumunjin  Sokcho  Samrye
No. of fish 15 30 30 30
examined
No. of 3n fish 12 27 28 24
No. of 2n fish 3 3 2 6
Triploidy (%) 800 90.0 933 80.0

-

i =

22 oiFEe #4770l FUT 49 e ABeT
ZRdH 4258 40 Boh BE WA, ST 2 4
% SolNE 49 29 5224 B 4830 A48Y & At

2 A7 A 38 A B0, Carassius avratuse 8535 F 3
A oFo g A $Fol A S Aidste ez
42 A 9t (Devlin and Nagahama, 2002). ©1&# unreduced

Fepo] WA G BY 29 204 £E F9 29F #3g A4
29 A= o tA A AR 2AEe i 717—‘}9*
AAY, old Az §A FAL MA A 7l =
02 229t} (Yamashita et al,, 1993). whehA] A3 %44 3u) Zﬂ
5 afi B Yz o3 WolE AYdtae ZAY F3F
TFzE 292 72t B4 Adoln EAY A (sex)E Wt AF
%’Z‘lP_i B3sleiet d4ar

oju At A Ho] e dA7A YB, FF L Aot
EAolA E1E v glon 47 A7E A HA FDe &
Ao wra|Z u} gich B8] A2 Y& FAdE FHHLE ME
EYAHA HL 37 o)Ae] 38 Hof Aol EAFo] DNA
fingerprint ¥4¢ 53] 7#3€ v 2ol (Umino et al, 1997), ¥
guiete] $ACE 9A A Fo] Ade EA stedE UE
Wz o obA7AA o5 &8 T BA A difde I
Aag Furl Zud ARt oo B AxE fevie #A



AA% A gol E8 Jdd A FA%Y FF 593

of A AJERY ZE Fol Wed EA %S GARL o
59 24 S UF 424 $HL S99 A4 J97t

2

2

T A% g AddAM FH/ ol 95% = AR
o, o]& /MAE e F2E A 4F ALY
A BoFEQloh A4 uA Fol9 8 2 HE FVe
of Hal A& @& BHA 9 Ry FelA 1.07~1.748 ¢
Mg Bo oA 2 270t £UkH ded ¢ ¢ YT
ol g & AE A7 lo] FFY F7t7t DFol wE 29
7Heol A A, AGA WA YT 7T f=€ 3uA 9
g @3 Z7H0 9 KA UEhy WS Frl 28T (Wolters et
al, 1982; Kim et al, 1988; 2001). @44 At A A4t 8]
JMAEL I modal BMA 71 3n=15022 Yeht o]He &
T 2% (20=100, 3n=150 WP F XA (Ueda &
Ojima, 1978), &8 flow cytometerE ©]8-3 DNA $% 23 A%
AA] 281A Fole] DNA #Eol vs) F &3] 1549 571€¥ DNA
FE e 3uE 548 2T Yelin

Multi-locus DNA fingerprintingell &3} &<+t 3u)# 5o} 3
o2 1l 99 €8 I FeoE JEgd FRgz Aud
3ul Al 5159 fingerprint profiles ¥4 BE MAEAA &
Z1H band B 2 X7t BF 2o} fFHA0Z $UdF EE F
0o EAS A HAFHo wdM & e A%y 3uA Bl
AA 7)&Ee] Bnd uigle A3EAAE A 71RE a1 o
addd. & A FeELDE AANA && A= wipolar spindle
A 93 (non- reductional meiosis) 3¥ A o] FAHHH o
OE ZdF9 AR g o) AF - AAFHE 7NFE F

2} 4 AR} (see Devlin and Nagahama, 2002). A2 H
FHEAY B9 glo] AAZ BAF22ZH YUE AEEL EF
EAY FHERE T ZAARTAY ol £ 479 multi-lo-
cus DNA fingerprinting® &3 # dFHA 22 Umino et
al. (197)& &84 38 A E-ol9 clonal Faol W3 £4& 4
Adte] 28 Adz B MY M2 92 lineol EAFE WA 9
Ak o]HF g st A5 I o] ¥ 47 A 3uH
ot #dste A9oz Jvepd =4, FEF, £ ¢ A9
Ao N %E DNA fingerprintings F# oz, $elvd
FAo £X3e 3uA g0 JdEC] Y AFAA e AR
g2 #33 72E Ze 58 AFAAA dF 771 s
Hujetol & AHojrt.

Yutdo 2 28 I Py ol Yo} Buye ot
(Streisinger et al, 1981). & ATFANAE o 304 Jde 5374
2719 2wl A AG A AL Wolrt W Aol HFHA
o, 53 HFFF 4 veFT AN Aoirt Ay JEd
A gk £§ 281 F Foj9 AL A AZFAET ¥
Ao th B v Ax suiATe AT vls £t
gol Ao FA veht 3uiAT AAT Fe 2pol 7t 2w
Ao HE e &S & F AR (P<005). 13} & 97
oA ALY #et AT A B D AT BEHHL
2 Jehlle 9384 #2894 ¢oF §F B FHYsn &
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g Fegrd vm E4o] ofFojzjol & Aol E AFA
A 4 An, BAE A Bole EF ¢z v, e
Fde og 23 d 3uA Folg wAHAZ APERAE 7%
g3 4L e A9y Aoz BT (Cherfas, 1966).
Tl ek ol ot Fo] AT AT EA3teTtE
Lolr7) Y3 =4 FERA &2 2 HEY 40 FEL dgez
3 A Fole 28 NS FAS A, 1 NE 800~933% 2
ey 2489 4 Jg EF A 5o 2x Al w2 A
o2 Jeiyt 422 tS g JATE tALE A Fol9
2888 ZASH3L, DNA fingerprinting 3¢ %3 & J9d &
B9 AL EAdool § Rolth xd dA Aol T
YE T 3A Foirt Bl Z gl BF 1 7 AAVG
BE98 48 38 (Kim, 1998; Devlin and Nagahama, 2002),
UL 3 A ol dif 2/ EA FESL o]FojAol & Felnt.

(@] ot
Ra =

FUol MA3e Bol (Carassius auratus) 3904 JEE 3
3} oL Ao E EANEEA AXFAGH 2 Fgiy
EAS BY Yok # A4 Bof 3uiA D2 AFFHQA 34
Ao AE FA8H EHE, F oA w3 1569 AE &
o} 27], 3In=1509 FAA 5, 22T 24 A (3.6 pg/eel) ol Bl 3}
1.5 %7€ DNA &% (54 pgleel) & UYetiich £ & 364
Bo| =& DNA fingerprinting £40] 3] fAAA F4¢]
43 28 Fd9 Aoz AyHIT £ A BolEL 2
Ao vimA oy dFS Fedy S4E Jegdden 27 ¢
A AgH Aotk £ A7 E4el A8 #et Jd9 3
HlA 5ol A o)Yex =4, FEA, £ L A Fo Jee
fdoz A 28 V=g ZAE ZF, ZE AYdA 80% ©]
9 T WA NEE HYG.
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