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Bagrid catfish hybrid between Korean bullhead (Pseudobagrus fulvidraco) and Ussurian
bullhead (Leiocassis ussuriensis) was produced by artificial fertilization. Modal chromosome
numbers of Korean bullhead, Ussurian bullhead and their hybrid were the same as 2n=52.
The karyotypes were 22 metacentric (M), 22 submetacentacentric (SM), and 8 acrocentric (A)
chromosomes for Korean bullhead, 22M+14SM+16A for Ussurian bullhead and 22M+18SM
+12A for their hybrid. The hybrid bullhead karyotype consisted of each haploid set of parental
species chromosomes. Erythrocytic sizes and DNA contents of hybrids were intermediate

between two parental species.
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A7) ¢5te] A =% ¢t} (Ihssen et al., 1990; Kim et
al., 1995; 1}, 1995). o] 7 3t%o] 3 AFE 1947
FE zpdAe EAE s AE AR HACl Sk A
oM wlxEFdoH, A £ AEI}e I Fo AR
A% (pronucleus)zh oh2 Z2] b A 2L o
u] &k} (Schwartz, 1972; Chevassus, 1979).
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ecies) o2 AAFH T glom, AAHo| e FAFE7H
F, w9, o wnl (back cross) @ 3% A= (three way
hybird)=h Aleizt a2 So) P4 Aol
heA stEz SASESH ZddM Fe ®d
(Smith, 1970, 1972; Chevassus, 1984). 24| 532 dH
AEA BF 3 glov A4 sl 9l F, %7
o] el 23 F, 345 Ak % dma Oncorhyn-
chus keta®} O. nerka %=
ruhenus %%, Saroherodom mossambicus$} S. hornor-
num #Zoj|A] o] Fo]zl u} gl} (Hickling, 1960; Mires,
1977).

ZrZo] ArdA 7lSAL 2Fo] AEH

rulm

, Huso huso®} Acipenser

(viability), Al
Z+2 (growth potential), 22412 (reproductive ability) 2
AJu] (sex ratio) ol 23] AA . o] & AFe] AEY
= v A, B3 GE 3 W 2] Hol 2971
A z7] DAA wlg- gkl AR =2 AFES
Yehdo] BuE 3 gJv} (Blanc and Chevassus, 1979;
Blanc and Poisson, 1983). ¢]&3} Y& 27|y =88 F
Baly] 93 upoz o= 27k AE3 QdNH T
3% Agaled ERs 4 AT 220 4 A
Z8 Z7}e] o]&F 1 ¢lt} (Chevassus et al., 1983;
Scheerer and Thorgaard, 1983; ¥}, 1993; Kim et al.,
1995). ¢ Em 2916, Oncorhynchus kisutche} F-%]
7N %], O. mykiss®] A B A% 3fA =5 B3

27 Lolo|A] 27)FAE d© 7)== infectious hema-

topoietic necrosis (IHN) virusel] 7}st A% 75}
o A4E 7L A S 9 YA HﬂE’ R ALEE

A7t By =3 9okt 5, 1996).

Z2}7Y, Pseudobagrus fulvidraco$} ©)3s7) ¢], Leiocas-
sis ussuriensisx ®| 7] % (Order Siluriformes) $x}7] 2}
(Family Bagridae)el] <-a}m, -2]ve}e] A7) o] =
Z0o] (L. longirostris), WA}/l (L. nitidus), %78 o] (L.
ussuriensis), ZX]%2}7 (P. breicorpus), A7 (P.
fulvidraco) 2! =% AP7) (P. koreanus)2] 6| 3l (%
=, 2005).

EANE el wmelA 7195 el
e gesh ez f9EE SN Ba, F, A,
Azt 5l Al2fotel] FE3ke} (A, 1977; A, 1984; Cheng
and Zheng, 1987; Lee and Kim, 1990, 2 %, 1990; 7]

., 2005). A2t At A ERNE $-Zo] uksla A}
Aol e 3o whee] AAlsha, Yol F2 o}
2 53} 2 LA %ol QU el veh ol
For], e B3], ok ASF S £F Y 4
=S A3 (F %, 1990; 3 5, 2005). AN E
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2 Ao el wheh o4 AAFos J)9E T 9.

7)ol el Aol s0cme] o= w715 o)
z vizd dYzes 943 24§ 99 el 4
F spHel AASY B F7, ool Lz}
(Lee and Kim, 1990). ¥ &2 3}AH9] FH} 317 vl
A Eol g A AT oJd Eav], Eav)e] & A
$ 7, BN e £E AAGe] 5E o &
Aol (8, 1077). 28 A 2t B2 el
A AT A A Fas So0) Fhm s
N 9anel B 8797 A
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0 S Aol AL 4R 5
AN Aeje] HF AR B A FL 24.0+5.4cm, 201.5
+5.9 go|git}. H3s7Y o] (Leiocassis ussuriensis)= &
weje) wuldel A SAE A%E AAE Aol (A7 A
A 9l A3 9bA 20.8+2.2¢m, 119.3+17.69 F A
31.8+3.2cm, 250.1+26.7 g) = AL4-3}3 ).
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D) R%e) #E

AN grie] ARt f=g glste] A7 guEty A
A A= 22 (human chorionic gonadotropin, hCG;
Sigma, USA)S 20,000 IU/kge. 2 E7}e| FA}stal 18
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A mEe sl R AN w2
colchicine® AA %% (1~10pg/g)E B} FAlsleq
~A4AZE WA & A HEste] A F ARelA
774} (0.075 M KClyoll 3037 %)) shadet. Mgy 2]
= A1A 232 Alzx= 1A Y (methanol : glacial acetic
acid=3:1)2=2 3 ‘] Ax pAsStAL) £8ol= TE A
e Zr|AzHez slgen, 5% May-Grunbaldt
Giemsa %—01121 10~1587 gAsct 24" =82
& aan 7 (x 100003014 B3] 7 AAL 50
AHe] BE Jbed GAA F1RALE oz A
3l om, 3 HALS Levan et al. (1964)2] H}H o
wheh ¥ sl

3) A¥T 27 34

AN, Aol B o574 100kl E o)
sted ZF JRAIS] i Aoz RE HAe AFHT
£, &fo]l=o)| ="sle] 100% ehtnanolZ 1A 3k
Giemsa g9 oz Azl 7z NAS 120702 A3
TFE 2Asg e, A7 A=z ¢ Ao AA (aH
7] (b)& 333 w7 (x1,000)3}] A micrometer=
Hapoich TR 2l ofel o] Aoz Axbaladc.

- WA : ab1v/4 (Sezaki and Kobayashi, 1978)

- 13) 4 (a/2) X (b/2)? X U3
(Lemoine and Smith, 1980)

A7) DNA % 24& 9l 4 Agzow

B el AFshsich 48 o5 oot 5
uL A& AFstdeh AHD YL 70% P2 ol whE
ImLell A% o5 DNA =& S w7bx] B3
Bkt 2+ " sample (1 X 10° cells)2- propidium
iodide (P1) €9 (50 uL/mL PI1, 0.1% NP-40, 1 mg/mL
RNase A in 1 X PBS)& o] §3}o] Al-2oj|A] 30E7F 94
ahoe.

G o] 2kmxl & WinBryte HS flowcytomer (Bio-Rad
Co., USA)E o|43led 7} 32t vluslga 2452+
w]32e}x] A=} (Misgurnus mizolepis sperm, 1.4 pg/cell)
2l n]3ze}x] (M. mizolepis, 2.8 pg/cell)& A3} 0w,
100,0007) 2] M= W ABE 4233} DNA Modfit Pro-
gram (Bio-Rad Co., USA)¢]| 2]3l] DNA kS =351
o}

5) BAAE
A2 2] EA AT E One-way ANOVA-testz Al A

&}ed Duncan’s multiple range test2 2|3t & HJ77t

=58 USS - Wl

2] §-2]Al (P<0.05)% SPSS program®. 2 73 A s}ei o).

2 =
L 484 &4

Fig. 12 <¢lZ5Ae 98] =% Ex}7) (Pseudoba-
grus fulvidraco), o7} o] (Leiocassis ussuriensis) ¥ %}
o] % Feolw Fx=x Ao 3L Fler o
43 FANE el @ Aoz vehgo 4 A
FAA o Aye EM3 A3 QA e AN,
)] @ AE T 2n=522 FU&}¢irh(Table 1 &
Fig. 2).

Fig. 3-ax= Zxple] o= 1142 metacentric
chromosomes, 11%42] submetacentric chromosomes¥} 4
#o] acrocentric chromosomese. 2 FA T o] 9l
Fig. 3-b= dls7)o]e] #1302 1142 metacentric
chromosomes, 7%2] submetacentric chromosomes=} 8
#o] acrocentric chromosomese 2 FA T o] 9l
Fig. 3-cx= o|&7te] =9 M3 oz 22712 metacen-
tric chromosomes, 18712] submetacentric chromosomes

Fig. 1. External morphology of Pseudobagrus fulvidraco
(a), Leiocassis ussuriensis (b) and their hybrid (c).
Scale bars=3cm.
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Table 1. Frequency distribution of chromosome number from Pseudobagrus fulvidraco (P), Leiocassis ussuriensis (L) and

their hybrid (P x L)

Distribution of chromosome numbers

Species No. of No. of the metaphases
specimen 45 46 47 48 49 50 51 52 53 54 55 56 examined
P 10 1 2 1 2 4 6 15 107 14 6 1 1 160
L 10 0 0 1 1 3 3 18 123 6 1 3 1 160
PxL 10 1 2 1 2 2 6 9 121 9 4 2 1 160
- : e ® L
& F* aag v T *
-*,'..r"l . '__J - ‘1-' ._" Al
.;-i e -t ¥ A -~ ”."‘"q_‘
W g o 3
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- = W Ay - J’ ™
. 4 p = - Y wn ?
a b C

Fig. 2. Metaphase spreads of Pseudobagrus fulvidraco (a), Leiocassis ussuriensis (b) and their hybrid (c). Scale bars=10 um.
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Fig. 3. Karyotypes of Pseudobagrus fulvidraco (a), Leiocassis ussuriensis (b) and their hybrid (c). Scale bars=10 pm.

2} 127)¢] acrocentric chromosomes .2 FA1 = o] ¢)4]

o},
2. AT A x727)

AN, s el W ol Bzt AEe AT A E S
At A= Fig. 4 Y Table 29} 2}k Tx17), W 57) o]
ql zhzo] YT Az A2 7H7)t 9.86,10.87 2 1045

amz deh) FE el 205k e A Az

AN E 2 Agelglon) Ax % Al xR
Aol Qlelae el 45 8 FAY woz =
eb (P<0.05).

3. DNA 3=

ZF Ag2] DNA &3F 24 A= Fig. 5ol vehd
gt v FEkx] A Abel w|FEeA]| S standard2 o] §-5}o]
Ag2] DNA s 3A43 23 FANE H+ 2.06
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Fig. 4. Microphotographs of erythrocytes from Pseudo-
bagrus fulvidraco (a), Leiocassis ussuriensis (b)
and their hybrid (c). Scale bars=10 pm.

Table 2. Erythrocytic measurements of Psuedobagrus ful-
vidraco (P), Leiocassis ussuriensis (L) and their
hybrid (P x L)

Major Minor Surface Volume
axis (um)* axis (um)* area (um?)* (um3)*
P 9.9+40.6 7.7+05 59.7+2.1" 307.5+29.1°

L 10.9+05 82405 70.4+3.4% 397.4+30.6°
PxL 105+0.6 7.9+05 64.6+4.6® 347.5+33.3%

Species

*Means+SD with different superscripts within a column are
statistically different based on ANOVA followed by Duncan’s
multiple range test (P <0.05).

pg/cell& el gl or, Bi57d o= 2.09 pglcell S e}
HWslont BAAQ Foxke HAEH A 4tk FA) <)
37] o] AFE-L 2.08pglcelle] g1 om, k31 DNA §Hak2)
e deh e

2000
.06+0.
1000 2.06+0.06 pg/cell
Pseudobagrus fulvidraco
O- T T T T T T T T T T T T T T T T T T
2000
2.06+0.06 pg/cell
1000
Leiocassis ussuriensis
0||||||||I—I—||||||||||||||||
. 2000
é 2.06+0.06 pg/cell
3 1000 Hybird
%
o 0||||||—I—||||||||||||||||||
2000
1000
Standard |
OIII_|-IIIIIIIIIIIIIIIIIIIII
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1000
Standard 11
Cllllllllll_l_l'lllllllllllll
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Channel number

Fig. 5. Representative histograms showing the average
DNA contents of Pseudobagrus fulvidraco, Leio-
cassis ussuriensis and their hybrids base on flow
cytometry. Standard I: Misgurnus mizolepis sperm
(1.4 pgl/cell); Standard Il: M. mizolepis blood (2.8

pa/cell).

d|
2k

o] el ole] HA% +
7H AEF o1FE 1t %"1 W7 A3 A8
dization)-2 w4 &
7] Aol A} 4 42}94 Ao o7 7}A] A=E &
o2y fAHoz Wik Az} dAs M E w4
715 W ol AHgEth fAEFETA Z)H el o8 Rt
E 4 ode 7bed A} 71AEY 2 A A
AR A D ALY ANAE B2 AE A
Z MfA) 2] &= S|t} (Chevassus et al., 1983).

fr=5 e MY F FeAEe A AlzEsA
A BAYoe|r) A 4~ AP H AF A o3t
Aol A #H2 AT Fot 7 2o ME o
2 AR wheeial Al karyogamydE 5
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A Aze Bhel A 2 AFANE FA)
(Pseudobagrus fulvidraco, 2n=52)¢} ©]3s7J o] (Leiocassis
ussuriensis, 2n=52)7+2] #Eo] G| = 2n=52=
oFAsh BAs Lhebdoza, e (2n=48)} o]
IrE] (2n=50)7F #Z (2n=49)%]| A4 X3 (Kim et al., 1995)
oﬂ/»ﬂzﬂ n]—oiJ:_ ;](}&.4 EXJ@- ‘/F‘ %icﬂ;(]n = o‘f]___,’_
o Al b4 5 59 A Aol ol A A
22 77h) W) set

RN = i\_
Ade & -‘@}‘ﬂ?‘% 4 A=
EE AES LRI D

NA ¢F =, genome sizeE AY
Qe £ el 9 A 77 7ol
Lol ] 453 9l flow

cytometry:= DNA @] 43 =4 wpfoz ax)
S Ay BAo) HME 719 AH A7l 2aEE
9 bl hAIZE ) chepe] Azs] 2A o] shssie )
23)2] DNA ZhA= 2Ajo] 7bsdt ol ok
(Kim et al., 1989; ¥}, 1992; Galbreath et al., 1997; ¥} %,
2001). ool gle] HAe] =7]= genome size & A Z2]
2719} WA ABFH] glom Az ARG AL ®
ABBA) 9o} FEe AHAAH MY Ae] 3
o} (Szarski, 1976). dulH o= Az 9 o] ERIAq]
=717} AAEE 717 484 A gkor) DNA g
o > A= d e 779 3 dAHE HY
.ol (Szarski, 1976; Kim et al., 1989). 2 < F-oj| A]
genome size A& 3}7] $J3s}ed flow cytometry &
< AlAlE A3} prodidium iodide (P1) intensityS
DNA 3tefo = 3hAlA] #FE2] DNA k2 2.08 pglcell
Z2}7) 2.06 pglcellzt tf=7do] 2.09 pg/cell THeke)

<+ F3he oz depgdh Pl ¥ R M2

*L%—% BRIz, v Alel] 7118 S DNA ko] 3t
A4e e @rck 8 540G o))
87 =7) wlmAl drelrt SANe) el A= 2
o) Z7)e] Slof Tha =l veton] ojzia Age
Az P Ao wWA $IleNE FAsH ek,
Az 48T Az 2 A9 =27 22T =AY 3
S)e A sl e e, ool @
A v el el ezt A, vl s vl el
2 = g} A7s3 2 dx2]3}¢d )k (Kim et al., 1995).
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2 FYstd o, A3 Mz Aolstd FxPizt 22
metacentrics (M)+22 submetacentric (SM)+8 acrocentric
(A) chromosome & 2, t3s7) o]= 22M+14SM+16A, 1
23 ZA22 22M+18SM+12A2 FA = o] i+ F=
= AN, dsTd el A7e] wiAl R FAE ] Sl
YT Az 9 3o 77, =i 2 AHE AT 4
I F=d AEE kA F2E e A2,
As7d ol 2 AE2] DNA =2 A3 23, F2iE
2.06 pg/cell 37 o] = 2.09 pglcell, T} ¢} w57 o]
z+z2 208 pglcell2 e, AHE2] DNA ek okxl
o F7gkez ebde
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