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ABSTRACT

The objective of this study was to clarify the cytogenetic features,
including karyotypes, cellular DNA contents and nuclear size of
erythrocytes of three species of fish, the black plaice Pleuronectes obscurus
(Herzenstein, 1890), the dotted gizzard shad Konosirus punctatus (Temminck
et Schlegel) and the perch sculpin Pseudoblennius percoides (Glinther), in the
coastal area of Jo Island, Busan, Korea. The karyotypes of P. obscurus and
K. punctatus both had a diploid number of 2N = 48 and a fundamental
number (FN) = 48, with a chromosome formula of 48T. The karyotype of
P. percoides had a diploid number of 2N = 46 and FN = 50, with a
chromosome formula of 4SM + 42T. No sex-associated heteromorphic pairs
were detected for any species in this study.

The variation in the DNA values (£. obscurus = 1.15 pg/nucleus, K.
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punctatus = 1.56 pg/nucleus, P. percoides = 1.11 pg/nucleus) was positively
related to the variation in chromosome FN in fish examined.

The mean major and minor axes of erythrocyte nuclei measured 3.1 +
0.16 yum and 25 * 016 ym in 2. obscurus, 41 £ 0.10 ym and 2.5 = 0.07
um in K. punctatus, and 3.0 £ 0.21 ym and 24 *+ 0.16 ym in 2. percoides,
respectively. The mean surface area and volume of erythrocyte nuclei were
58 + 0.12 ym” and 9.6 + 0.79 ym’, 81 + 0.33 ym” and 135 + 0.87 um’,
and 59 + 0.19 ,um2 and 9.6 = 0.78 ,um3 in 7. obscurus, K. punctatus and P.
percoides, respectively. The ratios of major/minor axis of the nucleus were
1.64 in K. punctatus, 1.24 in P. obscurus, and 1.25 in P. percoides, which in
turn may be responsible for the more elliptic form of the nucleus in X

punctatus.

Key words: DNA content, Erythrocyte size, Jo Island, Karyotype, Konosirus
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INTRODUCTION

Fish cytotaxonomy refers to the study of phenetic and/or phylogenetic
relationships among species, based on comparisons of chromosome number
and morphology, genome size, or the amount of DNA per nucleus (Gold,
1979; Kim and Park, 1990; Park, 1992; Park et al, 1999). Particularly,
regarding the chromosome numbers and genome sizes among diploid
teleost fish, there is a highly significant, positive correlation between
chromosome number and genome size (Perdersen, 1971; Hinegardner and
Rosen, 1972; Gold and Amemiya, 1987).

The black plaice Pleuronectes obscurus (Herzenstein, 1890) in the order
Pleuronectiformes, family Pleuronectidae, is widely distributed throughout
the South, East, and West Seas and around Japan, in the East China Sea
(Choi et 2/, 2002). This fish generally inhabits coastal areas but has been
introduced into estuaries. Its average total length is about 40 cm, and it
spawns in spring; eggs are demersal-adhesive eggs (Choi et #/, 2002). The
gizzard shad Konosirus punctatus (Temminck et Schlegel) in the order
Clupeiformes, family Clupeidae is widely distributed in the East China Sea,
Middle Sea around Japan, and South Sea of Korea. This species inhabits
rivers. Its average total length is about 25 c¢m, and spawning mainly occurs
in river estuaries from March to June; the eggs are separation-floating eggs
(Choi et 4/, 2002). The perch sculpin Pseudoblennius percoides (Giuinther) in
the order Scorpaeniformes, family Cottidae, is distributed across the South
Sea, including Jeju Island. This species inhabits rocky coastal regions, and

its average total length is about 20 cm (Choi et 2/, 2002).



The coastal areas of Busan Yeongdo, Korea, are affected by the open
sea and have abundant aquatic organisms. Nonetheless, studies about the
distribution of useful aquatic organisms and other resources around coastal
Yeongdo are rare. Recently, several articles have investigated seasonal
variation in the species composition of fish in the coastal waters of
Yeongdo, as well as the distribution of useful aquatic organisms and
resources (Park, 2005). In addition, cytogenetic studies of fish from coastal
areas around Jo Island have been limited to Parapercis sextasciata (Temminck
et Schlegel), Sebastiscus nurmoratus (Cuvier), and Pleuronectes yokohame
(Gunther) (Park and Lee, 2005).

In this study, we sought to clarify the cytogenetic aspects of Z.
obscurus, K. punctatus, and P. percoides collected off the coast of Jo Island,
Busan, Korea. Details of their karyological features, flow cytometry, and

erythrocyte nucleus size are described.



MATERIALS AND METHODS

I. Sampling and species identification

The black plaice Pleuronectes obscurus (Herzenstein, 1890), the dotted
gizzard shad Konosirus punctatus (Temminck et Schlegel), and perch sculpin
Pseudoblennius percoides (Glinther) were collected wusing traps and nets
nearshore around Korea Maritime University (KMU) on Jo Island, Busan,
Korea, where this study was conducted from September 2005 to January
2006. The fish were transported to the Fishery Genetics and Breeding
Laboratory, KMU, where they remained alive until they were analyzed.

The current classifications of the three fish species examined were
based on Choi et #/. (2002). After being anesthetized with 200 ppm
lidocaine-HCI/1,000 ppm NaHCOsz at 22C, the body Ilength of each
specimen was measured to the nearest 0.1 cm using digital Vernier calipers
(CD-20CP, Japan). External morphology was recorded with a digital camera

using a photocopy stand.

II. Chromosome analysis

Ten specimens of each species (five females and five males) were
subjected to chromosome number and karyological analyses. The sex of
each genotype was determined by gonadal inspection after killing the
specimen. Fish were intraperitoneally injected with 0.02% colchicine (1 ml
per 100 g body weight) and left in a well aerated aquarium for 3 h, and

then killed with an overdose of 200 ppm Ilidocaine-HCI/1,000 ppm



NaHCOs. The kidneys were removed and minced in hypotonic 0.075 M
KCI solution until a good cell suspension was obtained, and then allowed
to hypotonize for 20 min at 37°C (Almeida-Toledo et #/, 1995). The kidney
cells were fixed with methanol/acetic acid (3:1, v/v) and shaken gently.
The suspension was replaced three times on ice for 15 min and then
centrifuged.

Chromosome slides were made by means of a conventional air-drying
technique. Detailed procedures for the preparation are provided by Im et
al. (2001) and Park et a/. (2003). Briefly, the final suspension was dropped
on well cleaned dry slides and then placed on a 60T slide warmer.
Chromosome preparations were stained with 10% Giemsa (Gurr’s R66) for
conventional analysis, and at least 20 countable metaphase spreads were
obtained per fish.

Well spread chromosomes at metaphase were selected and
photographed. Chromosome morphology was determined on the basis of
arm ratio, as proposed by Levan et a/ (1964), and chromosomes were
grouped into four categories (metacentric, submetacentric, acrocentric, and

telocentric) and arranged in decreasing order of size.

Il. Flowcytometry

Flow cytometric analysis was performed to estimate the average
cellular DNA content of ten individuals from each species as described by
Park and Lee (2005). After anesthetizing the fish with 200 ppm
lidocaine-HCI/1,000 ppm NaHCO;, a 0.5~1.0 mL sample of whole blood
was collected from the caudal veins of each of ten individuals. Blood cells

were fixed in 10 mL cold 70% ethanol and filtered through a 30 ym filter.



The cell solution was stored at 4TC.

One million cells were collected and stained using a High Resolution
DNA Staining Kit (Partec GmbH, Miinster, Germany) under dark conditions
at room temperature for 15 min. Stained samples were analyzed on a
Partec PA-II flow cytometer (Partec GmbH) to determine relative DNA
content. The red blood cells (28 pg DNA/nucleus) of Chinese muddy
loach, Misgurnus mizdlepis (Glinther, 1888), were used as a standard
reference (Park et 4/, 1999).

To improve the standard DNA contents of M. mizoleyis, we attempted
to culture human white blood cells (WBC). We obtained 10 mL of whole
blood from a human male. Isolation of WBC was achieved by the stirring
method from 10 mL of whole blood diluted with 5 mL of serum-free
culture medium in a clear culture tube. After centrifugation, the buffy coat
on the surface of the erythrocytes was floated in plasma by gentle stirring
with a pipette along the inside wall of the tube, and the lymphocyte-rich
plasma was then collected in a culture tube (Abe et a/, 2001). Plasma was
harvested after incubation for 3 to 4 days at 37C. Cells from human
leukocytes were fixed with 70% ethanol. The fixed cells were treated by
the CyStain DNA 2-step Kit method (Partec GmbH).

Whole blood was sampled from M. mizolepis and then fixed with 70%
ethanol. The fixed cells were treated by the CyStain DNA 2-step Kit
method (Partec GmbH). The DNA content of M. mizoleyis was confirmed as
for WBC using standards. The DNA content of control human WBCs was

7.0 pg/nucleus, while M. mizoleyis contained 2.8 pg/nucleus.

IV. Erythrocytes nucleus size



Erythrocytes from ten fish of each species were used to evaluate
erythrocyte nuclear size. After anesthetizing the fish with 200 ppm
lidocaine-HCI/1,000 ppm NaHCOs;, heparinized peripheral blood was
collected from the caudal vein of each specimen. The blood from each
sample was extracted with @ 1 mL syringe and smeared on a glass slide,
then fixed with 95% ethanol and stzined with Giemsa or
May-Griinbaldt-Giemsa solution (Park et 4/, 1994, 2004; Kim et /., 2001).

The major and minor axes (um) of 100 erythrocyte nuclei were
measured using an eyepiece micrometer under 1,000 fold magnification. The
mean values of the major axis (a) and minor axis (b) characteristics of each
subject were calculated. The surface areas (S, um®), S = 1/4abm (Sezaki and
Kobayashi, 1978), and volumes (V, ,um3), V = 4/31'5(&1/2)(b/2)2 (Lemoine and

Smith, 1980), of the erythrocyte nuclei were also calculated.



RESULTS

Figure 1 shows the external morphology of fish wused in this
experiment. The mean total body length of black plaice Pleuronectes obscurus
(Herzenstein, 1890), the dotted gizzard shad Konosirus punctatus, and perch
sculpin Pseudoblennius percoides was 257 + 129 cm, 225 + 1.69 cm, and
16.2 + 1.23 cm, respectively.

The modal chromosome number of P. obscurus was 2N = 48 with a
mode of chromosome distribution frequency of 83% (Table 1), consisting of
24 pairs of telocentrics. The fundamental number (FN) of 2. obscurus was
48 (Table 1, Fig. 2a). The modal chromosome number of K. punctatus was
2N = 48 with the mode of chromosome distribution frequency of 86%
(Table 1), consisting of 24 pairs of telocentrics. The FN of K. punctatus was
48 (Table 1, Fig. 2b). The modal chromosome number of P. percoides was
2N = 46 with the mode of chromosome distribution frequency of 86%
(Table 1), consisting of two pairs of submetacentrics and 21 pairs of
telocentrics. The FN of 2. percoides was 46 (Table 1, Fig. 2c). There was no
evidence of polymorphism including aneuploidy or sex-related
heteromorphic chromosomes in any species examined (Fig. 2).

The mean values of the DNA contents of each species examined using
mud loach as a standard reference are shown in Table 2. The mean value of
DNA content of 2 obscurus was 1.15 £ 0.103 pg/nucleus. The mean values of
the DNA contents of K punctatus and P. percoides were 1.56 + 0.132 pg/nucleus
and 1.11 + 0.160 pg/nucleus, respectively.

Table 3 and Figure 3 show the mean values of erythrocyte nucleus



Fig. 1. External morphology of fish used in this experiemnt; (a) Pleuronectes
obscurus (bar = 4 cm), (b) Konosirus punctatus (bar = 4 cm), (c)

Pseudoblennius percoides (bar = 3 cm).



Table 1. Karyotypes and frequency distribution (%) of diploid chromosome
numbers of material fish examined. M, Metacentrics; A,

acrocentrics; T, telocentrics

Frequency X .
aryotype
distribution (%) youyp Total
Species N BN cell
21 22 23 24 25 26 27 M SM T count

Pleuronectes obscurus 1 3 58 6 3 2 48 0 0 48 48 400

Konosirus punctatus 01 38 6 2 0 48 0 0 48 48 360

Pseudoblennius percoides 1 4 88 3 3 2 1 46 0 4 42 50 380
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Fig. 2. Methaphases and Idiograms of (a) Pleuronectes obscurus, (b)
Konosirus punctatus, (c) Pseudoblennius percoides. Bars are 10 um.
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Table 2. Nuclear DNA content of material fish in this experiment

DNA content

Species " g/nucleus)*
Pleuronectes obscurus 1.15 + 0.103
Konosirus punctatus 1.56 £ 0.132
Pseudoblennius percoides 1.11 + 0.160
Standard

Misgurnus mizolepis 2.80

" Values are means + SD (n=10).

- Misgurnus mizolepis (from Park et al, 1999).
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Table 3. Comparison of erythrocyte nucleus size measured from Pleuronectes

obscurus, Konosirus punctatus and Pseudoblennius percoides

Pleuronectes Konosirus Pseudoblennius
obscurus punctatus percoides
Major axis (um) 3.1£0.16 4.1+0.10 3.0£0.21
Minor axis (um) 2.5£0.16 2.5£0.07 24+0.16
Surface area (umz) 5.8+0.12 8.1£0.33 5.9£0.19
Volume () 9.6+0.79 13.5+0.87 9.6+0.78

" Values are means = SE (n=100).

12



Fig. 3. Microphotographs of erythrocyte in (a) Pleuronectes obscurus, (b)

Konosirus punctatus, (c) Pseudoblennius percoides. Bars are 5 ym.
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sizes and their morphology. The major and minor axes of an erythrocyte
nucleus of 2. obscurus were 3.1 = 016 ym and 2.5 + 0.16 um, and the
surface area and volume were 58 * 012 um’ and 25 + 0.6 um’,
respectively. The major and minor axes of K. punctatus were 41 £ 0.10 ym
and 2.5 + 0.07 um, and the surface area and volume were 81 * 0.33 um’
and 13.5 + 0.87 um’, respectively. The major and minor axes of 2. percoides
were 3.0 = 0.21 ym and 2.4 * 0.16 um, and the surface area and volume
were 59 £ 0.19 ,um2 and 9.6 = 0.78 ,um3, respectively. We found no
significant differences in erythrocyte measurements between females and
males.

As shown in Figure 3, the ratios of major/minor axis of the nucleus
were 1.64 in K. punctatus, 1.24 in P obscurus, and 125 in P. percoides,
which in turn may be responsible for the more elliptic form of the nucleus

in K. punctatus.
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DISCUSSION

Chromosome numbers and variability in chromosome number
distinguish certain major taxonomic groupings of fish (Gold, 1979; Park et
al, 1995, 1999, 2000; Park and Lee, 1996). Chromosome numbers and
karyotypes have unique numerical forms according to species, and provide
useful data to identify species through cytogenetic analyses (Gold, 1979). To
our knowledge, this is the first report on the karyotype of the black plaice
Pleuronectes obscurus (Herzenstein, 1890), the dotted gizzard shad Konosirus
punctatus (Temminck et Schlegel), and perch sculpin Pseudoblennius percoides
(Glnther).

In this study, the modal chromosome number of ~. obscurus was 2N =
48 (83%), consisting of 24 pairs of telocentrics (FN = 48). That of X
punctatus was 2N = 48 (86%), consisting of 24 pairs of telocentrics (FN =
48), and that of P. percoides was 2N = 46 (88%), consisting of two pairs of
submetacentrics and 21 pairs of telocentrics (FN = 50). There was no
evidence of polymorphism including aneuploidy or  sex-related
heteromorphic chromosomes in any species examined.

Pseudoblennius percoides and P. cottoides (Richardson) are both in the
same order (Scorpaeniformes) and family (Cottidae), and are similar species
in terms of appearance, life history, and habitat use. In this study, the
karyotype of P. percoides was 2N = 46, 4SM + 42T, FN = 50, although the
karyotype of P. cottoides reported by Arai and Fujiki (1978) was 2N = 46,
4M + 8SM + 34ST, FN = 58. The FN of chromosomes is very important to

compare species within a genus, and indicates the progenitor type from
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which the acrocentric chromosome number increases (Ohno, 1974; Kim et
al, 2004). The FN increases with further differentiation of species (Arai,
1983). Therefore, in this comparison of the karyotype of P percoides and the
karyotype of P. cottoides, the chromosome configuration of 2. cottoides was
more variable than that of 2. percoides, and the FN value of /2. cottoides
was higher than that of 2. percoides therefore, P. cottoides is considered to
have differentiated from ~2. percoides. However, our knowledge of
cytogenetic traits remains insufficient, especially with regard to their
comparative karyotypes (Park et al, 1999). Accordingly, further detailed
molecular studies are needed.

The DNA nuclear content, which is a species-specific value, may be
correlated with the morphological basis for the definition of species, i.e., it
may be related to the karyotype regarded as its total dimension or as
values correlated to the latter, such as the area or total length of
chromosomes (Chiarelli and Capanna, 1973). The direct measurement of the
genome size by flow cytometry analyzes the unique genetic material of
each specimen using a large amount of nuclear material within a short
time, which is a great advantage of using this method (Lovett et #/, 1980;
Thorgaard et al, 1982; Wolters et 4/, 1982; Park et a4/, 1999; Park, 2004).

The results of flow cytometric analysis in our study of the DNA
content per nucleus of the tested fish resulted in 1.15 pg/nucleus in 2.
obscurus, 156 pg/nucleus in K. punctatus, and 1.11 pg/nucleus in 2.
percoides. No difference in DNA content was found between the sexes
within species.

The use of flow cytometryto analyze the DNA content of a given

species has been considered to be the most effective method in terms of
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non-perturbance to the study animal and success in identifying individuals
(Kim et #/, 2004). Moreover, it is a convenient way to analyze species
cytogenetically (Kim et #/, 2004). Evidence has indicated that DNA nuclear
content is statistically constant in all cells exhibiting identical ploidy in
various tissues from the same animals of the same species, whereas it is
significantly divergent among different species (Chiarelli and Capanna, 1973;
Park and Lee, 2005). In addition, DNA content analysis in species
classification of similar species provides a basis to study phylogeny
between species (Vendrely and Vendrely, 1948). According to this
knowledge of the nuclear DNA amount and the karyotype, in a given
individual, this correlation ensures the number and shape of the
chromosome characteristics of the species (Lovett et #/, 1980; Park et 4/,
1999, 2000, 2003).

We found that the mean sizes of erythrocyte nuclei were similar
between 7. obscurus and P. percoides, while that of K. punctatus was larger.
The ratios of the major/minor axis of the nucleus were 1.64 in X
punctatus, 1.24 in P. obscurus, and 1.25 in P. percoides, which in turn may
be responsible for the more elliptic form of the nucleus in K. punctatus.

The major and minor diameters of erythrocytes can be used to
identify individuals among collected specimens without damaging the
animals, even when the nuclear size cannot be determined by chromosome
observations (Sezaki and Kobayashi, 1978; Park et al, 1996, 1997, 2004; Park
and Kim, 2000). In particular, the standard of judgment for ploidy and
hybrid cytogenetic-specific analysis can be useful (Benfey et #/, 1984; Park
et al., 2004).

Large numbers of P. obscurus are captured in Korea in the winter

17



with other flatfish, and the commercial value of this catch is high (Park,
2005). Konosirus punctatus is frequently captured in the fall in coastal areas
of Jo Island (Park, 2005), and its commercial value is also high. No studies
have attempted to conduct cytogenetic research on K. punctatus. Therefore,
the results of this cytogenetic study of K. punctatus may provide useful
basic data for the aquaculture industry. A previous cytogenetic study of Jo
Islandfish targeted the saddled weever Parapercis sextisciatz (Temmick et
Schlegel), the marbled rockfish Sebastiscus marmoratus (Cuvier), and the
marbled sole Pleuronectes yokohznwe (Glinther) (Park, 2005). This previous
report and our current investigation can be used as a basis for continuous
cytogenetics studies of coastal fish of Jo Island to accomplish species
classification or maintenance, as well as for basic data construction to be

used in the commercial production of new species.

18



o

KOREAN ABSTRACT (=

2o

o] S A A} z_‘s‘_]'—_?,] =5

2006 84

Shore] Bl 2m Agbe] MAstE ZAAZFANY],  Pleuronectes  obscurus
(Herzenstein, 1890), % ¢, Konosirus punctatus (Temminck et Schlegel) 2 =37
5, Pseudoblennius percoides (Glinther) 3] 313, DNA & & 2 A EF 3 7 7]9
B AZFRAGHR] AFE TS A 7EAP| o] L 2N =48 © 2 48T,

FN =48 o]t} Ho]¢] a3 2 IN =48 © 2 48T, FN =48 0|t} S = 9 3)

N

P2 2N =46 ©2,4SM + 42T, FN =50 o]t} & A9 E& FolA 3 A&

19



H o] g o A A 2 WA FUT
A7 A, o] @ %59 DNA % (479 = 115 + 0.103
pg/nucleus; o] = 156 + 0.132 pg/nucleus; EXL= = 1.11 + 0.160
pg/nucleus) < ©| =9 FAA| FN ®o|e} A2 A4ABJAE BT
A7 A o] AY ¢ Mo A= ZzF 31 + 016 mm, 25 £ 0.16 um

olglod, ¥HAT Ryt 7tz 58 + 012 m’, 9.6 £ 0.79 um° ©] Tk Ao

>

o AEF Mo A-Gd=S Z+7F 41 + 010 mm, 25 £ 0.07 mm ©JYx, THF

0.33 m’, 135 = 0.87 ym’ ©]UTh EILE<] HYF 3
o] A= z+z} 30 + 021 um, 24 = 016 m = XTAHIY Ry 2472t 59
£ 019 m’, 9.6 = 078 mm’ olUTh HEFE o FZ/TF wldA Hole
1.64, 2470 = 1.24, ES 252 1252 YEelfo], Aojrt HE 3 3 =7]

oAA 7 AHES BAT

20



ACKNOWLEDGEMENTS

I sincerely thank you for your continuous interest and practical help
to complete this thesis.

To my supervisor, Dr. In Seok PARK, go sincere thanks not only for
his sound technical advice and penetrating criticisms, but also for his
availability and limitless supply of patience. Working under his guidance
has been an instructive and pleasurable experience.

I wish to thanks to my committees for thesis, Dr. Cheol Young CHOI
and Sung Hwoan CHo for their critical advices, particularly with enormous
calculations and editorial changes in the thesis, and to Drs. Hyo Jin KANG,
II NoH, Youngwan Sto, Ho Jin LEg, Jong Woong AHN, Sun Young LM
and Kyung Eun Ltk for their kind advice and interests in this thesis.

My association with Drs. Jun Wook HUR was extremely valuable.
Their enthusiasm and seemingly insatiable desire for investigating all
aspects of a problem and running down all the loose ends are enviable
traits.

I also wish to express my sincere thanks to my present colleagues in
the Fishery Genetics & Breeding group, Dong Won SeoL, Soo Yeon IM
and Ja Rang LEee for their friendship, invaluable assistance, cooperation,
support, and attention to my research.

And finally, deepest gratitude goes to my younger brother, my mother
and my father sharer of adventures, guardian of happiness and sanity on

all the long days.

21



REFERENCES

Abe S, C Nishida-Umehara, T Sakamoto, N Okamoto, I Nakayama & A
Fujiwara. (2001) Improved fish lymphocyte culture for chromosome

preparation. Geneticz, 111, 77-89.

Almeida-Toledo LF, APV Bigoni, G Bernardino & FSA Toledo. (1995)
Chromosomal location of Nors and C bands in F; hybrids of
bighead carp and silver carp reared in Brazil. Aquaculture 135,
277-284.

Arai R. (1983) Karyological and osteological approach to phylogenetics of
fishes. Bu/l. Net. Sci. Mus., Tokyo. Ser. A., 9, 175-210.

Arai R & A Fuyjiki. (1978) Chromosomes of three species of cottid fishes
from Japan. Bu//. Nat. Sci. Mus., Ser. A., 4, 233-239.

Benfey T]J, AM Sutterli & R]J Thompson. (1984) The use of erythrocyte
measurements to identify triploid salmonids. Czn. J. Fish. Aquat. Sci,

41, 980-984.

Chiarelli AB & E Capanna. (1973) Cytotoxonomy and vertebrabe evolution.

Academic Press, London pp. 783.

Choi Y, JH Kim & JY Park. (2002) Marine Fishes of Korea. Kyo-Hak

22



Publishing Co., Ltd., Seoul. 645 pp.

Gold JR. (1979) Cytogenetics. In: Hoar, W.S., et al., Fish Physiology. Vol. 8.
Academic Press, London. pp. 353-405.

Gold JR & CT Amemiya. (1987) Genome size variation in North American

minnows (Cyprinidae). II. Variation among 20 species. Genome 29,

481-489.

Hinegardner R & DE Rosen. (1972) Cellular DNA content and the

evolution of teleostean fishes. Am Nzt, 106, 621-644.

Im JH, HJ Cho, YK Nam, DS Kim & I-S Park. (2001) Production of
gynogenetic diploid in the far eastern carfish, Si/urus asotus. Korean J.

Genetics, 23, 89-101.

Kim DS & I-S Park. (1990) Genetic identification of hatchery reared tilapia

strains. J. Aquacul/t.,, 3, 35-37.

Kim DS, HJ Cho, I-5 Park, GC Choi & YK Nam. (2001) Cytogenetic traits
and gonad development of induced triploidy in far eastern carfish,

Silurus asotus. Korean J. Genetics, 23, 55-62.
Kim DS, JH Im, SJ Lee, E-O Kim, YK Nam & P Lei. (2004) Cytogenetic

and molecular studies of long snout bullhead Leiocassis /longirostris

Giinther (Teleostomi: Siluriformes). Korezn J. Genetics, 26, 155-161.

23



Lemoine HL Jr & LT Smith. (1980) Polyploid induced in brook trout by cold
shock. Trans. Amer. Fish. Soc., 109, 626-631.

Levan A, K Fredga & AA Sandberg. (1964) Nomenclature for centrometic

position on chromosomes. Hereditas, 52, 201-220.

Lovett Il EJ, B Schnitzer, DF Keren, A Flint, JL Hudson & KD
McClatchey. (1980) Application of flowcytometry to diagnostic
pathology. La. Invest, 50, 115-140.

Ohno S. (1974) Protochordata, Cyclotomata and Pisces. Animal cytogenetics
Chordata 1. Gebru-der-Borntra-Ger, Berlin, pp. 1-92.

Park 1-S. (2004) Atificial hybridization between red seabream, Pagrus nujor and
black seabream, Acanthopagrus schliege/i. M. D. Thesis, National Korean

Maritime University, Busan, Korean. 84 pp.
Park 1I-5. (1992) Induced hybrid and allotriploid between Misgurnus
angui//caudztus and M. mizolepis (Teleostomi: Cobitadae). Ph. D.

Dissertation, National Fisheries University of Pusan, Busan, Korean. 84 pp.

Park 1-S. (2005) Seasonal variation of species composition of fishes in coastal

water of Yeongdo, Korea. Cozst. Arez Environ. Res., 4, 37-83.

Park 1-S, CH Kim, GC Choi & DS Kim. (1997) Production of hybrid and

24



allotriploid between rainbow trout, Oncorhynchus mykiss and cherry

salmon, O. Masou. 1 . cytogenetic study. J. Aquacu/t., 10, 39-47.

Park 1-S, BS Kim, JW Hur, IG Syasina, DS Kim, JH Im & I-5 Park. (2004)
Cytogenetic analysis of an artificial red (%) black seabream (¢ ) hybrid.
Korean J. Genetics, 26, 283-288.

Park 1I-S & C-L Lee. (1996) Cytogenetic analysis of bagrid carfish, Pseudobagrus
fulvidraco (Telestomi: Siluriformes). Korezn J. Ichthyol., 8, 10-15.

Park 1-S, C-H Kim & DS Kim. (1999) Karyotypes and cellular DNA contents of

two species in the genus, /zteolabrax from Korea. Fish. 5ci., 65, 488-489.

Park I-S & DS Kim. (2000) Comparison of some tissues in diploid and triploid
hybrid between mud loach, Misgurnus mizolevis and cyprinid loach, M.
anguillicaucatus. Dev. Repro., 4, 19-28.

Park 1I-S, H-B Kim & Y-D Lee. (1995) Karyotypic analysis of four labrid fishes
from Korea. Korean J. Ichthyol., 7, 79-83.

Park 1-5, H-B Kim, J-K Son & DS Kim. (1994) Triploidy production of red

seabream, Pagrus nujor. Korean J. Ichthyol., 6, 71-78.
Park 1I-S & J-S Lee. (2005) Cytogenetical study of fishes from coastal area in Jo

island, Busan, Korea. 1. Parapercis sextasciata (Temminck et Schlegel),

Sebustiscus nmurmoratus (Cuvier) and Pleuronectes yokohamuze (Giinther).

25



Korean J. Genetics, 27, 41-45.

Park 1-S, PK Kim, JM Kim, GC Choi & DS Kim. (1996) Production of hybrid
and allotriplod between rainbow trout (Oncorhynchus mykiss) and coho

salmon (O. Kisutch). . Aquacult., 9, 133-140.

Park 1I-S, Y Choi, YH Kim, YK Nam & DS Kim. (2000) Flowcytometric and
cytogenetic studies in Rhynchocypris oxycevha/us and R. steindachneri. J.
Agquatcul/t.,, 13, 193-196.

Park 1S, YK Nam, SE Douglas, SC Johnson & DS Kim. (2003) Genetic
characterization, morphometrics and gonad development of induced
interspecific hybris between yellowtail flounder, Pleuronectes ferrugineus

(Storer) and winter flounder, Pleuronectes mmericanus (Walbaum). Aquacult.

Res., 34, 389-396.

Perdersen RA. (1971) DNA content, ribosomal gene multiplicity, and cell size in
fish. J. Exp. Zool., 177, 65-78.

Sezaki K & H Kobayashi. (1978) Comparison of erythrocytic size between
diploid and tetraploid in spinous loach, Cobitis biwrze Bull. Jap. Soc. Sci.
Fish., 44, 851-854.

Thorgaard GH, PS Rabinovitch, MW Shen, GAE Gall, J Propp & FM

Utter. (1982) Triploid rainbow trout identified by flow cytometry.
Aquaculture, 29, 305-309.

26



Vendrely R & C Vendrely. (1948) La teneur du noyau cellulaire en ADN a

travers les organes, les individus et les espéces animales. Experien/ia, 4,

434.
Wolters WR, CL Chrisman & GS Libey. (1982) Erythrocyte nuclear

measurements of diploid and triploid channel catfish, Icta/urs

punctatus rafinesque. J. Fish Biol., 20, 253-258.

27



	INTRODUCTION
	MATERIALS AND METHODS
	Ⅰ. Sampling and species idenrification
	Ⅱ. Chromosome analysis
	Ⅲ. Flowcytometry
	Ⅳ. Erythrocyte nucleus size
	RESULTS
	DISCUSSION
	KOREAN ABSTRACT
	ACKNOWLEDGEMENTS
	REFERENCES

