Korean Journal of Environmental Biology

Korean J. Environ. Biol.

Note 37(4) : 735-740(2019)
ISSN 1226-9999 (print)
https://doi.org/10.11626/KJEB.2019.37.4.735 ISSN 2287-7851 (online)

S-S A2l (Oryzias dancena) 24iM|Qt G- = UK Z=ZXIQ] M7 Hw

A comparative analysis of cell cycles in diploid and induced triploid
tissues in marine medaka (Oryzias dancena)

In-Seok Park*

Division of Marine Bioscience, College of Ocean Science and Technology, Korea Maritime & Ocean University,

Busan 49112, Republic of Korea

*Corresponding author
In-Seok Park

Tel. 051-410-4321

E-mail. ispark@kmou.ac.kr

Received: 26 November 2019
Revised: 17 December 2019
Revision accepted: 17 December 2019

Abstract: The aim of this study was to conduct a comparative analysis of the diploid
and induced triploid cell cycles in marine medaka, Oryzias dancena, tissues. The mean
fraction of cells in the G4, S, and G2+ M phases was 85.5%, 7.6%, and 6.9%, respectively,
in the tail fin tissues of diploid fish and 91.2%, 3.6%, and 5.2%, respectively, in those of
induced triploid fish. The mean fraction of cells in the Gs, S, and G2+ M phases were
78.4%, 10.6%, and 11.0%, respectively, in the liver tissues of diploid fish; 86.2%, 5.9%,
and 7.9%, respectively, in those of induced triploid; 79.3%, 9.4%, and 11.3%, respectively,
in the gill tissues of diploid fish; and 85.7%, 5.4%, and 8.9%, respectively, in the induced
triploid fish. The differences among the tissues were statistically significant within both
the diploid and induced triploid fish (p< 0.05). Mitosis was more active in each tissue of
the diploid fish than in the corresponding tissues of the induced triploid fish and mitosis
was more active in the liver and gill tissues than in the tail fin tissues in both the diploid
and induced triploid marine medaka.
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N 2 2012; Im et al. 2016), F=oll A sfie7bA] o] o] 2 Ak 7}
58 F9] (euryhaline) (Inoue and Takei 2003; Kang et al.

S AFEAHE] (marine medaka, Oryzias dancena)—t— 5 2008; Cho et al. 2010a), £41-2 AR 9 Q1544 (Lim
o 7140 AAsh= Hd) 7o) 3.1emol| °]2& A7 ©f et al. 2012; Im et al. 2016), 72} § 2~37] Lol 4] 74

T2, A%, I2edAl, 287 vkt 9 = —7‘] o 7Hs & (2 generation time) (Lim etal. 2012) 9 & A

A A2]5ttt (Abraham 2011). & &
o] 4oL, n]PAt AlPALE L ”*01 JE< brine shrimp

A% F 3em A& o] (sexual dimorphism)©] HE} (Im et al. 2016) 2=
off haroll A= AREFEES ESA (0. latipes) 2+2]

&l
(Artemia salina)—J nauplus 2. =8 AHS (Lim et al. T Aof glof 1 EAo] vlAstALY E5stetal 71H4]

http://www.koseb.org 735



| I
Korean J. Environ. Biol. 37(4) : 735-740 (2019)

go] A Eof et Aol EEE 24Pl Qv oleh &
2 A-F-EA] Institute of Marine Living Modified Organisms
(iMLMO)°l|A] living modified organism (LMO) evaluation
project®] 3 model animal 2 A7 - A% v} It (Cho
etal. 2010a, b, 2012; Im et al. 2016).

AASERA 7S A siSARE tid o= &
e 3uiA T AR e 3HiA|eE 28 A 2] A3
2 3 7] H] 7 (Goo et al. 2015), 347} A 4 Al H]
I (Park et al. 2016a), M| E-3-715F24] A (Park et al. 2016b),
I 3HRA| A1 9] amitosis-like S}EE &/ (Park and Choi
2018), B2t} sexol] whE H|tHA (Park and Gil 2018) 2
I 3uiA|S] Al5E A 54 (Park et al. 2018) 0] H.I1H H}
Art.

o] Fof| Al 2] 3uHA] (triploid)+= AHAAAE FA=H,
TAtEA Aol = ofF & 3HlAIZE AAAZEE
(meiosis) Al “F-& @A 2] #3171 9] o] o] 7]1Eo] HY
SAE Pk Zto = ol 11 7] 5A Y A
o835t %E}(Thorgaard 1983; Yoo et al. 2018). o|o} ZHe
TATGA tVd ol = Al L A9 Yoz ¢l
e Ao AR EE YRS AR A3 ow
] AA g7 Aol 2uAof] vl Z&A Q1 A%
= Holn, 4heFA] AFi o] W ofl A Eef’t 841 olF
2844 HEhtbE A8 A, Al ae d4, S8 44
A 18] At & APk Aol o Fut 201 (Plecoglossus
altivelis) ©] Ateh & A2 WA 4= Qle YHO R of
F 38AI7F F-E =27 Ak (Thorgaard 1983; Park and Kim
1994; Kim et al. 1994; Kim et al. 2001; Goo et al. 2015; Yoo
etal. 2018). ok o1 F F 3uiA| 7|2 AAE F 3
HiA| o] 2 o= Qlsf o FAFeIu LMO9] Akl
2ol gE= %t oA AHAR L] e HE AASHFAL &
A7l AR Ho 2T ARRE Y QITh (Kim ef al.
1994; Dunham and Devlin 1999; Cho et al. 2012).

FAZEA7] (lowcytometry)= 58 AEfe] Al 3
e gder AE 7], AE Wi 24 A=, AT
(cell cycle) w4 B AL 7)5 1A 51F 22 gF Hl27}
Zb= o] EAS &4 7FsShot (Vanparys et al. 2006). 2]
= 7171 I, B4 AT R AloF 7] SR
FrAIZEA7]= DNARES A1) 7L AR ato] el /d
S Ho|il Qlt}h(Estevam et al. 2011). #|F, Gil et al. (2017)
2 2uAIet T2 3ERA] W17] (Silurus asotus) ] A 2] A =2

r
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| 223} oprb] 24 O AEFIE 2, BA
sl A 7] 2RI} i 3R] 22 o)A o] AT
17} Solat Zfol2 HelTky Hgh uf glek B A
sl Ate] Aot Sz 3R A ] AEFAE fA
247)2 AHgste] meleju], 7 2 o] 2t &
H

NN

5ol 0] el Hel BT Sule]q BA] =ofs

R

NArEALE] (Oryzias dancena) 5 3HAIE Goo et al.
(2015)°] " o7 4 F 45+l 4Co] FROoE
TGS 227 APste] A4S o], = 3HIA
At 2BiA T2 Park et al. (2011)2] B O 2 AL
stRlom, Hal T 37jdo] {5 AZZEA 7] (PA-II, Partec,
Germany) & 3H|A| A& td o= vi4st 24 § &
= 38AIS AE5HT Park et al. (2011) 9] SHATEALE] mt
ML 71522 100 ppm 2] clove oil (85% eugenol Z3F;
Sigma, St. Louis, MO, USA) 2 28jA|et 55 3ufA o)l A]
o] Z} /A ES vHel & YA =Yn] £ dRE 22
ot BEH 7t e x| en] 25 9] 1071 Al
E oA AR, 4RO R 1587t high-resolution DNA
staining kit (Partec, GmbH, Germany)= A5t} A4
9 7 S FAIEZEA7]E A4 DNA eFde oot
sto] = 3ufAIE AEskeich

£3} 1d & siiksAr 2iiAl Y e 3EiAlT-
OS2 100 ppm clove oil = PFF & W2z 2jn] 7t %
ob7tu| 22AZ 247t A Fskleh BEE T =gy,
7t 9 oprtm] 222 10mLe] ¥ 70% ethanol (Sigma, St.
Louis, MO, USA)& 1174 & F-{5H A|ZE2 30 um= o
I & 4ecofl A FAFEY SHTE siARSARE] 2Hl Al
I 3uiAlo] 7 A 2R E 2] 10°7H9] AEE-S high-
resolution DNA staining kit= A2, 27 Stol|A] 155
7F FASHATE M ZF7] mhebS flste] FAHZEA 7=
SfAEArE] 2HiAIE, B 3 Al Al Tl A9 gap
1 (Gy), synthesis (S) 2 gap 2+ mitosis (G, +M) 7] 2] #&
= 47 Axtsiit. 24 A 2 194 Aol= spss

(Spss 9.0, SPSS Inc. Chicago, IL, USA) = Student’s t-test
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Fig. 1. DNA histograms of tail fin tissue, liver tissue, and gill
tissue of the diploid marine medaka, Oryzias dancena. (a) Tail fin
tissue, (b) liver tissue, and (c) gill tissue. Each cell cycle fraction is
indicated, with background correction. FL4 is the analysis pattern
of the flowcytometric analyzer. Gi: gap 1; S: synthesis; G2: gap 2;
M: mitosis.

(n=20,3%H A4, p<0.05) HESHIT

Za 9 oy

MZF71e et 2] FAEZEAY] 7IH2 Gy, S
9 G+ M7 AlZE2] Bio) 25 24 Hth(Dean and
Jett 1974). Fig. 17} Fig. 2= 28iA|t F-I= 384 siAtEAt

2] (Oryzias dancena) ©] WA =2fn] 22|, 7+ 22| gl o}

The cell cycle of 2n/3n tissues in Oryzias dancena
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Fig. 2. DNA histogram of tail fin tissue, liver tissue, and gill tissue
of the induced triploid marine medaka, Oryzias dancena. (a) Tail fin
tissue, (b) liver tissue, and (c) gill tissue. Each cell cycle fraction is
indicated, with background correction. FL4 is the analysis pattern
of the flow-cytometric analyzer. Gi: gap 1; S: synthesis; G2: gap 2;
M: mitosis.

7Ha] 2219] histogram= ZF2F UEPH 21 © % background
correction= WEH ATt Fig. 1914 Yeh0] SiAtEAL
2] 281A] A Gy, S F G+ M7 dfF W= AR =
Hu] 22 7t 2] 9l ofrfn] A of| A 80.5%, 12.6%, 6.9%
T} 79.0%, 8.9%, 12.0% 2! 78.2%, 14.5%, 6.7%= ZtZF H S
t}. Fig. 2014 Yehbxo] siaksAte] fe 3HliA] A|222
G, S Y G +M7] AlE RHIEE mejxj=gu] 2] 7k X
2] 9l ol7u] 2210 A 89.6%, 4.6%, 5.8%2} 84.0%, 10.4%,
5.6% 2 80.2%, 11.7%, 8.1%= ZtZ} K it}
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Table 1. Cell fractions according to ploidy and tissue type in the marine medaka, Oryzias dancena

Mean fraction Diploid® Induced triploid?

percentage (%) Gi S G+ M Gi s Ge+M
Tail fin 85.5+5.58° 76+2.71° 6.9+3.87° 91.2+5.71° 3.6+0.74° 5.2+ 1.05°
Liver 78.4+3.69° 10.6+2.66° 11.0+3.52° 86.2+5.98° 5.9+0.58° 79+151°
Gill 79.3+3.69° 9.4+2.66° 11.3+£3.52° 85.7+5.98° 5.8+0.58° 8.5+151°

#Values are means = SD. Values in the same row with different superscripts are significantly different (n=20, p<0.05). Gi: gap 1; S: synthesis; G2: gap 2; M:

mitosis.

TR =efn] 223 Bl A] 7F 2230} ofrja] 2]
Gy, S Gy+M7| 1Al 2HIA] e 3HjA|oA] F-2f
2to]lE H Yt (p<0.05) (Table 1). 7= 384 ZF 22
& 2HIA] 2+ 22 g Blsl Hl22F7] ZF DA Park et
al. (2016b)°] A7} FUSHA DNAYE 71 A= B
Rom, AEF7|5 112 Al G+ M7]olA] 28 Al= F 3
HiA|of vl 1.3~1.481F Holil 53], 2AME 224 F of
7H] 222 1. 4819 =2 G+ M7| 225 H T (Table
1). Gil et al. (2017)-2 7] (Silurus astous) 21A2} T 3
HIAE dld o s FAIZEA7]E AMgste] Tef x| =2u]|
ZA 3} op7pu] A A 2 AAV E2 A EFT]E FAF
o A}, 2 AR} FARE A 22F7] B HArgh B QL
o, #7128 A9} e 3EiA| O] = 2 24, ZF A EFT
oflA & A9 Aol FUsHA ez =gjn] 229 Al
3L Hlgo] ofrtu] 22| 0] A|aL L Hl-gof Hsl F2
SHA| 2A| YrehA, e 2 =g n] 22 o] ofrfm] 2] 7F
Z2]of| v]off MR Ho] F-3-Z H I (Gil et al. 2017).

o] Fol A 2ufAof it & 3ufA| o] 2 AT A
O 22 W2 AlZEE BEFE o8t AFolMe F2 =
Aojate] 711 gt ARld Y e® Y, 4Hdof
(Oncorhynchus masou) -+ 38A= 28 Ao vls] A&
T e HAaE o7 Y A2 A vEa, Ak
v 2 5580 9lo] =2 g Hl v It} (Park
and Kim 1994; Park and Park 1995). o @42 n]f 2]
(Misgurnus mizolepis)gl' o] 5t2] (M. anguillicaudutus)gq z+
E 3HAIR FEE FF 3l AlE 3ujAIStel] 7115 of
o|=9] ol Hs AE+ Alx W & 27], Tt vty
Z horizontal cell & =7, ot AHAE MAHM| EZZ2] A7
A3z, A7HES-0] A173A|3E 3 B trunk kidney 22F 91
Al Al B s 27]0 4 Sk W, ek oS
ot 22 L AT A ol A= FAE B T (Park and
Kim 2000). ©] ¢} FAFSHA, 2814l tulet 5 351 <]

et rlo
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2 A4 cortisolt glucose FEE H QI HE QUTH(Seol et
al. 2008; Lim et al. 2017, 2018; Lee et al. 2018). ©]2} o] o]
7 3uiAll A Al 7] STl ekl T Ml = 2
28} o]of] 2= of 7 B2 2] A2 ofF 3uiAIEHA]
Hj=8}ol & E+5kal At} (gigantism) &7 LEREA]
1= ©]fr°lth(Ueno 1984; Sezaki et al. 1988; Park and Park
1995). 12} B E0] Wolters et al. (1982)%} Lincoln and Bye
(1984)7}F A|AFR0] o7 f+Ie 3uiA|l= 3HIAIRHA] A
26l Aof HEIRE I 3EfA] A o] = S7H EAA
Hj=3} A ™)) of] ThE shygtoll whet &7 61| 284
oF F&k 3HiAIE SEARFA] e 3EiAI7E 28 A ko] =
o] ZAol A FA2]7] Wizl o] E S5517] $1oh 3HiA]
Frie Al =2 381A Fregol Bagt olfol7] & st

2 Ao AREE Ajo] siAtEAR] Fike 3HIAl= o]
1] Park et al. (2016a)°] EI1gH A+ A3} AP AEE 2]
&=, R A A O] ZAISEA X AL testosterone Tt estradiol—17[391
AE2E FFoA EYS Hold ok, 1 &Y A&7t
T RTHE oA AAIete Hel BE et o]ef o]
SAFEAN e 3HiAlE PER EY-E Holile 9lo
L, siatEAR 28 Aol vlsh Hate Fdshs 2 SellA
A7 e uko] outer layer cell nucleus S 2Z0
2 2H1A| 9] 33 Hlol| L 7t A0 (Goo et al. 2015),
A4y AEF 23 H17}F =30 (Park and Choi 2018),
fluctuating asymmetry (‘U4 HIA ) o] =4 vreRd v}
AT} (Park and Gil 2018). & A+ A} sakEAE] F 3
A= 28l Aol Bls Ml 257]7} o] A2l Aor A
= Hlow, 257 A0 AMA] 12| 2ju]| K}
= 7 22 3 opytm] x2A]o] AZEH B0l Fof Iy

A=gfu|Eohs 28 opriu| o] 22o] M7 24



98 g3 ¢ 4 AT B Aol H8o] ol =
3uAle] Al ZF]9} kel ST} SRolA 0] 2
714Ql Aelste @77} M ashel et AbrEch

N 9

SN itEA], Oryzias dancena 281419t I 3ulA] ZF
2o A o] MEF7)E v, BAFATE Gy, S, G+ M719]
VI RIEofA] mejz]efu]Ql 79 2ufA ol A= 85.8%,
7.6% 2 6.9%°102™ X 3HjA|A = 91.2%, 3.6% 2
5.2%0] Tt 7F 2291 79 28 Ao A= 78.4%, 10.6%, X
11.0%°]1 2™ & 3HiAl= 86.2%, 5.9% E 7.9%°] ATt
of7pu] 2211 A% 2ufA o A= 79.3%, 9.4% E 11.3%°]
lom G 3uAl= 85.7%, 5.4% D 8.9%°] At 2842}
S 3uiAol A 2A] 7F A F7] HI oA 805 Ajo]
7} A2t (p < 0.05). Mitosis (A ZELD)-2 5 387 ]l
H|of 2847} B2 g/do] Aem, o] et AN ZEd
2 280 A|e} FI A BERo A R eju] 22| K}
= 7 223} ofrfu| 220 A Tl 4/d5HAT
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