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Artificial Hybridization between Red Seabream,
Pagrus major and Black Seabream,

Acanthopagrus schlegeli
In Soon PARK

Graduate School of Maritime Management and Technology,
Korea Maritime University, Busan 606-791, Korea
(Supervised by Professor In-Seok Park)

Abstract

Viable interspecific hybrids between red seabream (Pagrus major) and
black seabream (Acanthopagrus schlegeli) were produced by artificial
insemination of red seabream eggs with black seabream sperm.

Morphomerics assessed by body proportions indicated that hybrids
generally displayed a morphology intermediate between the maternal and
paternal species. Overall cytogenetic traits (chromosome number and
karyological — analyis, estimation of cellular DNA contents using
flowcytometry and evaluation of nuclear size in erythrocyte) of hybrid
seabream were intermediate between the two parental species.

Karyotype of hybrid seabream was constituted by each haploid set
of chromosome from parental species. Interspecific hybrid exhibited
abnormal and retarded gonad development in both sexes based on
histological analysis of gonads from adult fish. The sterility of the hybrids
presents significant advantage for their wuse in aquaculture because
optential escapes will not be capable of reproducing in the wild and

contaminating natural resource.

A thesis submitted to the committee of the Graduate School of Maritime Management
and Technology, Korea Maritime University in partial fulfillment of the requirements
for the degree of Master of Science in December 2003.
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Table 1. Dimensions of body shape measured in this study

Dimensions Abbreviations
Standard length LS
Caudal peduncle height CH
Caudal peduncle length CL
Head width at the posterior margin of the eye HWPE
Horizontal distance
Anterior edge of the upper lip x Posterior margin of eye HALPE
Anterior margin of eye x posterior margin of eye HAAPA
Direct distance
Anterior edge of the upper lip x Anterior insertion of the first DALAD
dorsal fin
Anterior edge of the upper lip x Margin of opercular cover DALO
Anterior edge of the upper lip x Anterior insertion of the first DALAV
ventral fin
Anterior insertion of the first X Anterior insertion of DADAV
dorsal fin the first ventral fin
Anterior insertion of the first X Posterior insertion DADPD
dorsal fin of the last dorsal fin
Anterior insertion of the first X Posterior insertion DADPA
dorsal fin of the anal fin
Anterior insertion of the first x Posterior insertion DAVPD
ventral fin of the last dorsal fin
Anterior insertion of the first X Anterior insertion DAVAA
ventral fin of the first anal fin
Anterior insertion of the anal X Posterior insertion of the DAAPD
fin last dorsal fin
Anterior insertion of the anal X Posterior insertion of the DAAPA
fin anal fin
Base of pectoral fin x Posterior insertion of the last dorsal fin DPPD
Base of pectoral fin x Anterior insertion of the first anal fin DPAA
Posterior insertion of the dorsal x Posterior insertion of DPAPA
fin the anal fin
Body
Depth at the anterior insertion of the anal fin BDAA
Width at the anterior insertion of the dorsal fin BWAD
Width at posterior insertion of the dorsal fin BWPD




Fig. 1. Morphometric measurements of red seabream, black seabream and

their hybrid measured in this study. For abbreviations see Table 1.
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49 5, BT 2 2AFY ASI RS Aol Wstd Arc sin squar
root2 77k ABAZ T, g RAANMe H24 AYE A5+ One-way
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Table 2. Morphometric dimension of red seabream, black seabream and
their hybrid

Morphometric Red seabream Hybrid Black seabream
dimension (%) (%) (%)
HALPE/LS 10.08+0.88" 9.27+1.03 9.73+1.25"
HAAPA /LS 8.26%0.56" 8.1620.68" 8.10£0.61"
DALAD/LS 41.11+1.79" 39.68:1.86" 39.42+5.24"
DALO/LS 29.41+0.99" 29.14:+1 48" 30.86+2.31"
DALAV/LS 35.84+1.22" 37.83+2.08° 41.05+331°
DADAV/LS 39.79+2.71° 38.41+2.20" 38.98+2.96"
DADPD/LS 52.101.10° 49.43+2.84° 50.53+4.56"
DADPA/LS 59.06+1.81" 57.90+1.63" 59.35£3.80"
DPPD/LS 53.90+0.80" 49.69+2.06° 52.37+6.91"
DPAA/LS 39.54+1.71" 40.49+2.30" 4330+7.19°
DAVPD/LS 54.17+0.97" 49.99+1.72° 51.40+4.66"
DAVAA/LS 31.28+1.53" 33.29+1.80" 33.19+3.02°
BDAA/LS 35.78+1.58" 32.27+1.30° 33.50+2.68"
DAAPD/LS 31.51+1.34" 28.50+1.93" 29.09+2.08"
DAAPA/LS 17.17+0.80" 16.19+336° 14.73+1.26°
DPAPA/LS 18.96+0.94" 16.61+1.29° 17.13+1.47°
CH/LS 10.68+0.52" 10.78+1.21" 11.10+1.41"
CL/LS 21.76+0.57" 21.36+1.99" 16.14+2.71°
HWPE/LS 13.44+1.35" 13.76£1.00° 15.95+0.89"
BWAD/LS 16.04+1.69" 16.08+1.22° 17.45+0.95"
BWPD/LS 7.56+1.55" 7.07+1.30" 7.43+0.30"

Dimensions abbreviation are presentated in Table 1. Data were analysed
using  Duncan’s multiple range test on data transformed to arcsine of
square root. Mean values in each row having same superscript were not

significantly different(P>0.05).
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Fig. 2. External morphology of (a) red seabream, (c) black seabream
and (b) their hybrid.
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Polymorphism= WEUGA] &tom zh Folx A AJ2 olgde gldo
Fig. 3-a9} #o] FEo A (% W)= 2n=46(1%), 47(3%), 48(87%),
49(5%), 50(2%), 51(1%)Z 2n=48 ©o|Ath. AP EF Telocentric chromosome
o2 FAH NFe 5803tk 53], 14 ddAldE Satellite7h &7 3k
o,

Fig. 3-coll Wl npeh o] AAF AAA (% WE)= 2n=45(1%),
46(2%), 47(4%), 48(90%), 492%), 50(1%)Z 2n=48 |yt P
Submetacentric chromosome 5%, ZL8]3l 19%42] Telocentric chromosome 2.2
T4 5 Ao

Fig. 3-boll Wb nie} o] FFol GAMA (% WZ)= 2n=45(1%),
46(1%), 47(2%), 48(93%), 49(2%), 50(1%)= 2n=48 S22 A EAQl FEFo W
A GAAL FAL HAES  HrEA  dAAE FAEH 579
Submetacentric chromosome, ZL2]al 43702 Telocentric chromosome°. 2
BEAT #FF NFe 58322 UeEt 5 94 2AQ FFoziE 7
AE Satellite7} EA3t= Telocentric chromosome©] 17) & A3k A oh(Fig. 3-b,

Arrows).

3. Flowcytometry

Flowcytometry©ll 213 &, FF 2 FAETAA9 AE T DNA
g% B4 A7, FETe DNA FHF 1.4040.04 pg/nucleus, R ETF9 D
NA %2 1.03+0.02 pg/nucleus ©] A th(Table 3). Table 31} o] F[¥F

9 DNA #Fe 1.22+0.01 pg/nucleus2 FET3 AT 10 B2

>~

t} (P<0.0001).
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Fig. 3. Metaphases and idiograms of (a) red seabream, (c) black seabream

and (b) their hybrid. Arrows indicate satellited telocentrics. Bars are

10 gm.
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Table 3. Nuclear DNA content of red seabream, black seabream and their

hybrid (means+SE, 7=10)

DNA Content

Species (pg/nucleus)
Red seabream 1.40+0.04"
Hybrid 1.22+0.01°
Black seabream 1.03+0.02°
Cyprinid loach 5364005

standard”

Values in different letters superscript in a same column are significantly
different (P<0.0001).

*

" Misgurnus anguillicaudatus (from Park, 1992 and Kim et al, 1993).

- 14 -
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Fig. 4. Microphotographs of erythrocyte in (a) red seabream, (c) black

seabream and (b) their hybrid. Bars are 5 ym.
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Table 4. Comparison of erythrocyte nucleus size

measured from red

seabream, black seabream and their hybrid* (meansxSD)

Red seabream Hybrid Black seabream
Major axis (ym) 418+0.14 3.80+0.10 3.52+0.08
Minor axis (im) 3.01:0.02 2.83+0.08 2.6120.06
Surface area (ym’) 9.87+0.39" 8.46£0.41" 7.20£0.28"
Volume (i) 19.80+0.87" 16.00+0.54" 12.5240.62°

* Means with different superscript letter in a same low are significantly

different (P<0.05).
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Fig. 5. Microphotographs of gonad in (a) red seabream, (c) black seabream
and (b) their hybrid. Bars are 10um.
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4 91TH(Chevassus, 1983). 019} TEo] HEH £+ FEL Aold FA £
e 270 o] WA AAAEe] 2 A A Rl 7IdE, BIAS
Uebd & tH(Tave, 1993, Hulata, 1995).

2 A7 2, =" T2 A8 FoAAME Hu® ukel ol (Chevassus,
1983), I%F XA AE® ZA FA T AZ FHAXNE HAY. wid
JE7+& AZ 32 DALO, DPAA 2 CLIAAME EART:E BA ASHA
Z FAE SRenl, ol AL Channel catfish, Ictalurus punctatus
(Rafinesque) x Blue catfish, Ictalurus furcatus (Lesueur) 3% (Dunham et al,
1982)#  Yellowtail flounder, Pleuronectes terrugineus (Storer) x  Winter
flounder, Pleuronectes americanus (Walbaum) & (Park et al, 2003)°]A] UE}
ook o

ole}= AWHEHA, JEFFS AZ3FZE DALAD, DADPD,DAVAA, DAAPD,
HWPE 3 BWADOIM = EARG= FA L ASIASN FAS v, ojspg
Aee Catla catln (Hamilton) x Labea rofita (Hamiltom) F&Bhowmick ef
al, 1981), Poecilin shenops (Cuvier and Valenciennes) X Poecilin velifera
(Regan) & (George and Pandian, 1997) 2 Yellowtail flounder x Winter
flounder 3% (Park et al, 2003)o1 A el B} Qo

Yellowtall flounder x Winter flounder 752 Ao st A vl ZH§-

=
FET

rlo

FE = AR EAS FAC v} A et o™ (Park ef 4,
2003), ¥ A AHAME olH3 AFS ASI#E HALPE, DPDD H
BWPDol A Yelyz gtk 53], B dqdAes ZEF9 AZ32 DAVPD,
BDAA % DPAPARl 2% FF F% Al AH&dE EA S FAC vls] 2okt
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o xe FEZA &7t Yetdele Al H

AR AERATE ATo] A T $4 L FAe AL SuAn

ooyt SRS T vyl o9 FE TS A% 712 A8E
dedel W Fosh(Park of 4, 1999). FE AN MEFARH =
A Ay EHAY DNA §F SAHA ZF F=d 2189 9 FAE
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filo
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Al

FEo A = 2n=482 HilH B} )OS (Nishikawa and Karasawa,
1972; ¥ 5, 1994), 1 AP 2709} Submetacetric chromosome -
Subtelocentric  chromosome™ 46702  Acrocentric chromosome Z&
Telocentric chromosomeS 2 o] F o} F AU (Nishikawa and Karasawa, 1972),
270l Acrocentric chromosome ¥+ 46782 Telocentric chromosome 2.2 O] F
AT ®iug vf AokEF 5, 1994). B AF 2 FEY GAA Fe 9

Al 2n=48 ooy 1 HEHo|A Satellite?’t =A== 189 Telocentric

lr
&
oflt
ofN
N
=
o

chromosome Nishikawa and Karasawa (1972)¢] 3
Submetacetric chromosom ZA4= ZolE Holxw Q. E A3 Axe

Eo A9 Satellite?} EASFE 1289 Telocentric chromosomes & A1 A

7} E5 Telocentric chromosome2Z2 FAE AL 19 A, &S EZAZE A}
|3 FE JFTo 2A 7dSs HF3] & 7 Ade FHmarken=E AHEE F
Kot AtsH

AREY A e FEY EAA F4 uVMARE 2n=48 o|gloy

Submetacetric chromosome 5% 2 1922 Telocentric chromosomel. 2 °]F

oAtk A Eo] ZHEo ¥ A Submetacetric chromosome©] Qo] T3
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TS Holw, o]y 3t thUst Submetacentric chromosomesS FHE 9

N9 Satellite?) 359 FHBAAZ FHES FAZ AEF % 4F) A
<

~
o

S B3] & F Jdv FHMarker)o 2 AR HAY. Kim ef 4l (1995), vt
5(1997) R Park ef al. (2003)¢] FFFAAL] FAA F H AY ZALE I}
o} frAtetAl, 2 A7 2 FEe dAA Fu WY Z Fundamental
numberel 1ol FEFFEA AHEH FEH AdEF] 4 weA Y 2dow o
Fol A

Genome size= <9 Wt 13, 7= EFFd= 28 Genome
size7b Foll wh2b v A3 2o]E YERRIL 1o)X, AAF Genome size®] 3}
of2 olReA e 3 Axet 1 F4A BAE AW} eEd TG 4TS I

(Pedersen, 1971). ©]& s Genome size®] Flowcytometryol 9 542 A4

o
ofl

A+ 79

Aol AlzF7lel I 7t IdH=d Rk,
Flowcytometry2 ] 2 &Ql Genome size SH 2t A& 1/ 44
A=2ds S aZFe AxdedA AstsiA 4 7Hsd FHel Ao
(Lovett et al, 1980 ; Park ef al, 1999).

Flowcytometry 2% & F% Al AL&H 5 &2 A2 Aol Genome
sizes 7HRoW FFL olg F & FIA Genome sized] 122
pg/nucleuss B Ath & AFoAMY Fx FFo ¥ AEZFHEH £4 2
=, Park ef al. (2003)°] Yellowtail flounder x Winter flounder &S W7
o2 Hug uigpZo] AATAFH AL (Gynogenesis)olth &AL
(Androgenesis)©]l oy} FF ¢ ZAFY FAeko HHY FHo o3
z

4504 (Hybridogensis) ol 93] g% FHALSES AT doiz

A

o %
F% 29 DNA @23 A4 HAm)Fel @ glo] 2442 W3

Lo

=, Centric fusion 2 Pericentric inversion S22 GAA] 9 HIlFgR=Z

o

2317} 7153 AS7AAE ASS 1#(Rees, 1967; Svardson, 1945), 23

A7 A% FEE FF

rh

N
filo
=

Joz 3 AAA BandingHo 29 ¢S AY
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3 daA Aol dastElet AR HET
AAA ¢ A 2 AE BEA, Floweytometry 239} vpdrixz A3 9
15 e

=1
Wt gz A8 & 204 gE fE ALE Ao 59 FUA

(

o AoAxe FFTL FE Fxd AEE FEH FEAFY

S B A, FRAMEA, Oncorhynchus mykiss x &4, O. kisatch 7%
(i 5, 1996), FAME] x Aol O mason JFE (W 5, 1997) B w]HehA,
Misgurnus mizolepis x VN2, M. anguillicandatus & (23 7, 2000)0l A =
Uebd BF ok JF9 3ot A ojgf 2 AEF I A7) AN UYL A
st AEFo AP 3 F7] 2ARICE &olsitde AL Aoy, BE A
Zhal ol QAR st ARG A7) AEF oA e W FFTo wEHo
E7bseted 1 A Qo AIGo]l e B = (¥, 1994) HEF ME
7IWHEo] W EHojoF & AR AlgHo

2 AT 27 73 % ¢ 199 fxE AT HAY TG FHE B
AAE HYo2A EQdoz noHEb. ol e JFAAY EY L2

2l

Ao zx oA S FFlA

Jo
)
o
Y

0%

N
5
e
12

(Meiosis)* & 824 Fukgel 7)<l
T Rus3 Qo (Chevassus, 1983; Park et al, 2003). Smooth flounder,
Liopsetta puntnami (Gill) x Winter flounder 234 FF(Hoornbeek ef al,
1948) 9} yellowtail flounder x Winter flounder 18782 & (Park et al, 2003)

AM= AL v sy vjdads B A 239 fAR 23S Hola 3l
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