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A Study on the Cytogenetics and Differentiation of Marine Animals
Jin-Ki Son

College of Life Science, Faculty of Marine Bioscience & Technology,
Gangnung National University, Gangnung, Gangwon-do 210-702, Korea

ABSTRACT : Present study was aimed to summary the recent reports of chromosomal technology such like a polyploidy, sex
differentiation, gynogenesis, transgenic fish and gene manipulation. Triploid cells for rainbow trout and channel catfish were induced
through thermal shocks of varying temperature levels and produced as a industrial use.

A monosex fish with homogametic females of 15 species of high valued fish were produced by exposing to irradiation. It seemed
that different irradiation was suitable to inactivate the sperm and block the formation in producing the gynogenetic diploids. Since 1985,
transgenic fish have been successfully produced by microinjecting or electroporating desired foreign DNA into unfertilized or newly
fertilized eggs using about 40 fish species. More recently, transgenic fish have also been produced by infecting newly fertilized eggs
with pantropic, defective retroviral vectors carrying desired foreign DNA. These transgenic fish can serve as excellent experimental
models for basic scientific investigations as well as in marine biotechnological applications.

Key words : Chromosomal technology, Triploidy, Gynogenesis, Transgenic fish, Gene manipulation.
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Table 1. The study of gynogenesis

Shellfish Treatment method Induction
rate
Loach, man churian-sturgeon, carp y-ray irradiation 70%
Carp y -ray irradiation 80%
Carp y-ray irradiation 70%
Trout y-ray irradiation 80%
Flounde sperm
Carp X-ray irradiation 90%
Flounder sperm
Carp, grass carp UV-ray irradiation 30%
Carp X-ray irradiation 80%
Carp y -ray irradiation -
Trout y -ray irradiation -
* Rainbow trout y-ray irradiation -
Flounder y-ray irradiation -
Zebra fish UV-ray irradiation 30%
Silver big head y -ray irradiation -
Rainbow trout, trou UV-ray irradiation 80%
Loach UV-ray irradiation 70%
Sweet fish UV-ray irradiation 60%
Flounder UV-ray irradiation 60%
Gold fish UV-ray irradiation 60%
Abalone UV-ray irradiation 70%
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Table 2. The irradiation of sperm for the gynogenesis Table 3. The study of manipulation of triploid
Species Irradiation concentration Spieces Treatment method  Induction rate
Fundulus heteroclitus  10° rad”, "Cs by sperm Trout Low temperature 100%
Salmo trutta 10'~10° rad, ¥Co by sperm or egg Stickleback Low temperature 100%
Pleuronectes platessa 10*~10° rad, *Co by sperm or egg Man churian-sturgeon High temperature 70%
Platichys flesus 10°~10° rad, “Co by sperm or egg Flounder Low temperature 100%
Cyprinus carpio 10° R, X-ray by sperm Trout Cytochalasin B _0
Brachydanio rerio 10’ erg/mm’, UV by sperm Carp Low temperature 100%
" - Trout High temperature 70%
I rad=100erg/g, AEAL Carp Low temperature 100%
Channel catfish Low temperature 100%
o] WA OH, I t}E o]E9 Al AT 7\}/\4 Ele Trout High temperature 80%
A ko] sh=sitks Ao wIA, 19704 o3, Trout High water pressure 25%
Salmon High temperature 80%
F&3 BAHL 51y
HET GHE SHUATHTable 1). Loach Low temperature 100%
g A 5 =2
&4, 2ol 7led A W, AR AE 9AE Sweet fish Low temperature 100%
o] &3l AAAQl AR FAXANOEN A LA &% Salmon High temperature 70%
o] A2 o= 23] SEth Table 2= B2 o]Fo] o)A Tilapia High temperature 70%
Channel catfish Low temperature 100%
A = LA ukk 3 Az = Wale] FAL &7
}E e 84 dAe A tE el haae Gold fish Low temperature 100%
= 9 . . .
oA v ot Rainbow trout High pH - high Ca -
FAZAN WEEHE Awe AATLEA w8t 7Hest America oyster Cytochalasin B -
th Aol Y= A Ao A2 ZHEEE E7)9) A Atlantic scallop Cytochalasin B -
- 0,
Bel A wEkEol, 23 £ A A AE 2% £ 122 A2 Abalone Low tempcf.rature 100%
_ . R Oyster Cytochalasin B -
SAZA ety B3 §, 1 52, I 54 5 EJF
A5 B cytochalasin B £ 3 & 9] 38H4 2=l 23]
AR 2 dEo] AR, H‘:“ 2= 2717} 7RsstgE A Table 4. The study of diploid by the first inhibition*

o] W& oA HIET : Fish spieces Treatment, method  Induction rate

T g Eo FHFFEY 9\101’\1&‘ Al e 14 Man churian-sturgeon Low temperature 100%
goll wjo] doju} A 7h5¢ Aol eI, o9 7+ Trout Low temperature 100%
$ol= 27 7t A7 Al B RE R A2 2Rg ) Flounder Low temperature 100%
oA T AT b AR e 414 24 58 2 TP o o e

. rou 1gh temperature (]

2 y2=3 & R 1o
HE7F 2 st A Aako] 7hgattt o9k 2 Trout High temperature 0%
HhHol o3 of s Fof 3ujA| AJ4to] Table 35} 7o} B Zebra fish High water pressure 30%
2 3iTh Snapper Low temperature 100%

$AHOZ BN H2} F= AA AAE o] L35 £A Sweet fish High water pressure 40:/0
of 93l dolW AP Al Hg 8ol Hepg AFom o0 pow temperaure o

] Tilapia High temperature 70%
QA e, Aws W7AA 24tz 2 DA 2u)A] T 49 Tilapia High temperature 80%
HE FEsle AE7} EiE QAE]-(Table 4). o] Hhge ¢ Carp Low temperature 100%
5 AAE A BA RS 2A) AEARH 28 Ao Flounder High water presssure 40%
Hlwate] w2 FEFFEI 71E, A FEANE 1
Ao| a7 G4En: 2 HEHE 0/
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Table 5. The gene and sequence type for the cell manipulation

Gene Sequence type Species Reference

Growth cDNA Cyprinus carpio Agellon et al. (1986)

hormone cDNA Cyprinus carpio Dunham et al. (1987)
gen Cyprinus carpio Cheng et al. (1995)
cDNA Hypophthalmichthys nobilis Chen et al. (1994)
cDNA Hypophthalmichthys molitrix Chen et al. (1988)
cDNA Ctenopharyngodon idella Schulte et al. (1989)

Prolactin ¢DNA Cyprinus carpio Paynter & Chen (1991)
gen Cyprinus carpio Leaver et al. (1994)

B-Actin gen Ctenopharyngodon idella Ozato et al. (1986)

Gonadotropin cDNA(a)
Insulin cDNA

Hypophthalmichthys molitrix
Cyprinus carpio

Strom et al. (1992)
Power et al. (1992)

cDNA=complementary DNA reverse transcribed from mRNA; gen=genomic gene; @=¢-subunit, 8= 4 -subunit.

(Gannon et al., 1990; Wall et al., 1990; Ebert & Schindler,
1993). o] F & o] £33 A% DNAS SAA FAAIL Zhu
(1985)) Q&) Hx o] F HFFES FH A FY
o] o] F o] & Z(Gordon et al.,, 1980), A} -2 HHH 1 Az} A7
ZAvdMiiller et al., 1992; Sin et al,, 1993)3 £+ k9] A
7152 ¥ (Inoue et al., 1990; Buono & Linser, 1991; Power et
al., 1992; Miiller et al., 1993) So] A7/ EAct A=z S~
MEE QuHoR dEHZA ALHT UAT, lambda
phage(Glazer et al., 1986: Chong & Vielkind, 1989)1} ¢l 2] o
2 A 2H o] ~E FAA(Schedl et al., 1992) 2% 715 A
o7 Algd
SYEEe FANF ATt B olf 3 e ol R
B Walo] BlA WA AH7) oo S-S (integration
rate)o] AFEFEQ FH9 10~25% Bt 4L 1~5%2 Jeh}
2 AtHFletcher & Davies, 1991).

Aol Azt o] #1743 A H HAHo gl

Table 6. The promoter and gene for the cell transfer

+ AHE} 7] 4(Zebrafish, Westerfield, 1993)1} 1) t}7HOzato,
1993)7F AHEHE I Y2 FEATFAME F2 Ao, Heol,
H7], dol Fol ARG 9loH, o]9} 7he o2 HAA
o] HA FAH Aol 7Hse BAE A8 A9H glo
o, A&, ALREE Sl #F YFIEE {2 Table 6)
€ o] &8t o]Fof I YUk

53 Ao dre HokrA FEEOY ARFIEE T
S8 ZAF dF(Adelman, 1977, 1982)7} AdE 7 gleor}
oAle] 2Eg 2o 93 o3 &o] IrhGuise, 1988).
Rous Sarcoma Virus promotet/rainbow trout GH ¢cDNA(pRSV
tGH cDNA)9} Rous Sarcoma Virus promoter/coho salmon GH
cDNA(pRSV ¢sGH c¢DNA)-S o]-&3}ed 1,700u}2] 2] <Jold
Tdste 22 A7t 99 tHZhang et al., 2000).

xg ﬂza H z} 3= E(blosynthetlc GH)o] 0171‘ ,] Al x}oﬂ Te
ol FX glovk 1) AAE A AGIEE A7t Ate]
1,2) APFEl FEE0] o] FAX I ALY, 3) 7} Ao

Species Promoter Gene IG Referenses
Carassius auratus mMT hGH + Zhu et al. (1985)
Labeo rohita and Chirrhinus mrigala mMT hGH NA Lu et al. (1992)
Carassius auratus RSV neo N/A Zhang et al. (1990)
Carassius auratus RSV CAT N/A Moav et al. (1992)
Carassius auratus p-act CAT N/A Liu et al. (1990)
Cyprinus carpio RSV rtGH +

RSV csGH + Zhang et al. (1990)

Cyprinus carpio mMT hGH + Zhu (1992)
Cyprinus carpio _ RSV rtGH N/A Powers et al. (1992)

IG=increased growth; mMT=mouse metallothionein; h=human; GH=growth hormone; RSV=Rous sarcoma virus long terminal repat ; neo=neomycin
resistance; CAT=chloramphenicol acetyltransferase; B-act; rt=rainbow trout; c=coho salmon; N/A=not answerable.
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