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Morphological and Genetic Variation of Two Populations of
Platichthys stellatus (Pleuronectidae, PISCES) from the East Sea

Yong Tae Jeong, Hea Ja Back and Jin-Koo Kim!*

Daehwa Appraisal Co., Ltd., Busan 614-716, Korea
'Department of Marine biology, Pukyong National University, Busan 608-737, Korea

Morphological and genetic variation of two populations of Platichthys stellatus were investigated based on 30 in-
dividuals each, collected from Uljin (seedling release area) and Pohang (control) in Korea. Morphological analyses
demonstrated that the two populations of P. stellatus were well distinguishable in body color of the blind side and
fin shape. Mitochondrial DNA control region analysis indicated no significant differences between the two popula-
tions (F, = -0.00849, P>0.05). We also analyzed microsatellite DNA loci of the two populations using six markers.
Observed heterozygosity (H,) and expected heterozygosity (H,) were 0.550 and 0.592, respectively, in P. stellatus
from Uljin, but 0.700 and 0.737 in P. stellatus from Pohang. An index of differentiation in genetic structure revealed
significant differences between the two populations (F, = 0.0208, P<0.05). Our results suggest that the Uljin popula-
tion may be comprised of released P, stellatus, whereas the Pohang population may be wild P, stellatus, highlighting
the necessity of continuous monitoring of the two populations.
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M E (Norris et al., 2000).
7Yt (Platichthys stellatus)y= 7} E(Pleuronectiformes),
A A A 02 22X Tha] o] BFFRS. 74AE Z=A1xb el o] 3 71Ak0) 2 (Pleuronectidae) 172 $-2lutet 2 F=ro|A] |

EOﬂ = u% ‘El-ir Jom, olE Y vt ARG T Bopaig olF o R Hrhta glon, k] e il S
21gl0] AX|E|5 QlrkBell et al, 2008). Zl2] A9 1980 7} Aol A|gh, Ahelzke] 7ha:0k ol3] A]7]9] A SO 2 4
Aol 38t A X|(Paralichthys olivaceus)®| J5-5HAYA 71 [E =x2]7] ;<] B35l AlAolt), el AFY 24 9] osk
7N 0] % 2= Pagrus major), <-=(Oplegnathus fasciatus) - S =2 20049 7wl Ql %%—EU\”*P 7140] AEsro E M
Of FHAY 7]50] Bt ol wheh A 353} viohAk AR 200695 @AY7IA] A5 &7 of| 4] A7 509t vk o] AFe] 7

o] 1998 FE] FalQH (5 F)S T4 &= AR E| STt & 2oll= wope] JFEHI A S0 ] P %32 )lth(Byun etal., 2008). 5}
ol gt 44t A ] 9] fAAS BrIskd| T A7t Algk ol A X3 Zrevkefof] thigk At Aok o
5713kl QIth(Sekino et al., 2002; Liu et al., 2005; Ortega-Vil- HRA T} 2E2] o] e (Byun et al., 2007), B4 XA AE
laizan et al., 2006; Gonzalez et al., 2008; Kitada et al., 2010). QF 249 n A& A T 2 29] QFH(Lim et al., 2009), AU
Ak W o) fa/ds Hrkeke WS vl 144 o AbsRt Zhe] o Ad/d <k A A157](Min et al., 2007)°] ¥+
P WA AR AT B Aol R AZBA NS FR g AT S B PErklo] W 9 opnte] e u
S0, Yo7t 4414l ] Zrlol 4 Baerlel Aol FRch A chopo] T A BEG A oltt,

Article history; Kor J Fish Aquat Sci 47(1) 052-058, February 2014

Received 11 December 2013; Revised 10 February 2014; Accepted 10 February 2014 http://dx.doi.org/10.5657/KFAS.2014.0052

*Corresponding author: Tel: +82.51.629.5927 Fax: +82.51.629.5931 pISSN:0374-8111, eISSN:2287-8815

E-mail address: taengko@hanmail.net (© The Korean Society of Fishereis and Aquatic Science. All rights reserved

52



ol A=k 270 A2 P R EA ol 53

Az 44 tpefgdell gk dAtoll= vEZELOIDNA
(mtDNA) W] %357} 713 2 control region®] 2 A&
Ew, FZ o FAEAEE BEGshs sAlol EAHol &0l =
I HIFE T} Spsto] A Aol A A 7Hs gt uto]| AR AIE
2}o] E DNA (msDNA) 17| 7} &is] AR8-Fth(Sekino et al.,
2002; Gonzalez et al., 2008, 2010).

wahd B A7 PEr RS AsHe dRe &
A3t 184 ke 2] 274 A4 At o]

s},

HE

2009'd7E] 20109714 7/dH5= 71 At A Aoz
7] 30704 9 AR E 25k Fab) shtellA Ao s
ZErke] 3670415 2H2F skt AR & FA1 99% etha-
noloj] a17gste] ARg-513ITt.
e EXM

e e E 274412 Ao FE 24
o, YA 7kAtu| F70] Q1F FHollA] &3] HAE =
FEo] He WHolu &4 AN =gu] F YR A4S 5
Ao 2 AR A4 W AlZ-2 Hubbs and Lager (2004)
o) Wil & wheh vy o] A HAR 59 7+ 5915 0.1 mm &
A7 43 A AR A=) E7]4(Dorsal
fin rays) & & 12719] F&-E AL, A5 AR A%
(Standard length) 5 & 19712] F4& AT AT
2 27 o] A} FARS soft X-ray (SOFT HA-100, Japan)Z ©]
&oto] gelskgich

27t 24

Al }\]

R

HAREAE k] &40 A 2370419 223 A 36704
£ A4S 2 mtDNA control region €741 45 AA|51%
O, msDNAEA2 ok 3071415 o]-8-ste] AAlstaict.
Genomic DNA+ Chelex 100 resin (Bio-rad, USA) 150 uL7}
=919+ PCRFE | &59] 288 €2 &, Thermal cycler
(Bio-rad MJ mini PTC-1148, USA)°] 42 5 60C2}99C
247} 204, 2587 F3iek &% Genomic DNAE 4ol A
Y Hskiet

MIDNA 242 Tinti et al. (1999)2] ®Ho|| wj2} foward
primer: 5-TTC CAC CTC TAA CTC CCAAAG CTA G- 3
4 Reverse primer: 5-CCT GAA GTA GGA ACC AGA TGC
CAG-3" £ o|-&3}o ZZA|Z T} PCR 10X PCR buffer 2.5
uL, 2 mM dNTP 2 uL, forward primer 1 uL, reversal primer

1 uL, FR taq polymerase 0.25 uL (Biomedic, Korea)S 4
2 E5HE9) genomic DNA 2 uLE 75 3, & 25 ulL7 €
W7kA] 32} S745 Y3l Thermal cycler (Bio-rad MJ mini
PTC-1148, USA)E o]-8-5}o] thaat 22 271 02 4305}k
t}. [Initial denaturation 95C ]| 4] 4+; PCR reaction 34 cycle
(denaturation 95C o4 30%, annealing 60°Cof| A 30%, ex-
tension 72°Cofl 4] 1&); final extension 72 Coll4 10&]. &7]
Ag-& ABI 3730XL sequencer (Applied Biosystems, USA)
ol 4] ABI BigDye Terminator Cycle Sequencing Ready Re-
action Kit v3.1 (Applied Biosystem, USA)E o|-&3}o] T}
I A2 242 2 Cycle sequencingdlo] &1t} PCR reaction
30cycles (Denaturation 96 C o] 4] 10%, Annealing 507C 10,
Extention 60°C 3&).

MsDNAE4]-2- Miao et al. (2009)0] 11kt 127 29| Fo]
A 6719 AR E AE-5}o] primer (Plst3, Plst8, Plst9, Plst13,
Plst19, Plst37)= #1251tk PCRS 10X PCR buffer 2.5 uL,
2 mM dNTP 2 uL, forward primer 10 pmol, reverse primer
10 pmol, FR taq polymerase 0.15 uL (Biomedic, Korea)E 4
2 2329 genomic DNA 2 uL& 3718t &, & 25 uL7k €
W 7HA] 32} S545 ¥l Thermal cycler (Bio-rad MJ mini
PTC-1148, USA)E o835l th3} -2 27102 4=3f5]¢]
t}. [27] denaturation 94°C o)A 4+ PCR reaction 29 cycle
(denaturation 94°Col|4] 30%, annealing 57Col|A] 40%, ex-
tension 72°C o4 40%); final extension 72°C {4 7&]. PCR
$E 3 1% Agarose gelofl PCR product £} 10X loading buffer
(Takara, Japan)& 41> 3= 92 5, 17|95 7](Mupid-
One Mupid-exU, Japan)E- 100 voltageol| 4| 305 51 25 Al
A M= o] §E skl 2} /jAe] $44 ThgE PCR
AFEolA] %% AAE ofRle A7) ] 2715 ABI PRISM
3130XL automated sequencer (Applied Biosystems, USA)2]
GeneMapper version 3.7 o]-&s}o] A5} T,

A =4

o) 85tol 2t A7} S5 AT ol
3 oFs}7] 9l5kod SPSS 10.1 =21
& 0| 85to] AETUEAE AN SISt ik, A%R )
ek 2k 2be] 775 wefsly] ffsto] SPSS 10.1 L2131
45104 Mann-Whitney U testE A A5}

MtDNA control region &7]44-2 BioEdit version 7.0.0
(Hall, 1999)2] ClustalW (Thompson et al., 1994)5 ©]&35
o] Full multiple alignment 3}ith. 971 4G 7 $AA =
Mega 4 (Tamura et al., 2007)2] Pairwise distanceE Kimura-
2-parameter . @(Kimura, 1980)% A&k}t ek 5-48}H4]
£24-2 Arlequin 3.1 (Excoffier et al., 2005) T2 13- 0] 835
o], Haplotype diversity (H)2} Nucleotide diversity (7)E -5}
91, T AR HE A RS 245}7] $19) Pairwise F,
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Table 1. Comparison of counts between Uljin and Pohang popula-
tions of Platichthys stellatus

Gill rakers, upper limb 6 7 8 9 10

Sl - AT

Table 2. The haplotype frequencies for Uljin and Pohang popula-
tions of Platichthys stellatus based on mtDNA control region

Uljin 2 14 9 2 Haplotype Haplotype frequency
Pohang 4 13 7 3 Uljin Pohang n %
Dorsal finrays 56 57 58 59 60 61 62 63 64 65 66 67 ... 71 Hap1 14 20 34 57.63
Uljin 5318621 1 Hap2 1 1 169
Pohang 2 6 4 7 6 2 Hap3 3 3 1017
Hap4 3 7 10 16.95
Total vertebrae 33 34 35 36 37 Hap5 1 4 8.47
Uljin 2 5 12 6 2 Hap6 ; 1 1.69
Pohang 10 16 1 Hap? 9 i 2 3.39
Caudalvertebrae 22 23 24 25 26 Total 23 36 59 100
Uljin 2 4 10 10 1
Pohang 10 16 1 Z 11719 A4~3 22 Mann-Whitney U test 23}, 7712 |

& 5191 2 v(Slatkin and Hudson, 1991), F,. 32| f-214
AAE 9181 10,000 2] random permutation=- A1 385} T

6719] msDNA ntAE o] &-5fo] Hehd {4 tfde ot
o}517] $48}e] FSTAT version 2.9.3 (Goudet, 2001)3 GENE-
POP 3.4 (Rousset and Raymond, 1995), Alequin 3.11 Z="1
WG A3 -3 Al4=(the number of allele per loci; A),
) -5-AA} =7 (product size range; S), 22| o|FHTE
(Hy), 71hA] ol FAE(H,), A 2715 BARE th-F-204)
“(allelic richness)E H|15}%th. GENEPOP 22 1388 AF
fsto], et Yof|A] Hardy-Weinberg expectation (HWE)2]
G55 AR Yl 2% wuljA]=(inbreeding coefficient;
F )& -5+ (Weir and Cockerham, 1984), 914 A4
$13+] markov-chain methodE AME-5}¢] random allelic per-
mutation 782 243} 10,0008 o]AF =35t ich Aok 7k &
A2 ChpAL mhotsty] 913) FSTAT L2 1912 ol 83101 F,,
SA1E 2450, §94 45E 915 1712 random
allelic permutation T2 2|43t 10,0008 o)A} 4345}t
(Weir and Cockerham, 1984).

o] g me|R|efu] 71 dido
] 7|129] 718 @Ae] vehd 23 ehe] AEE Xeray £
AbAx, 27|l A m|
S .

¢]

ol
[e3
1x
L
Y
o
il
clo
i)
et
o
o
~{

FHAGALYA 275, 7S 7R = Hu] E7)45, Fet
Z7IEA =] &7, v, 252, A Ajute] A4
3 sk o] 7)ol A = ATt 9] 3 2pol & B THP<0.05).
ol% SALYu] E7]EZ AL 6171, = ke
56-617H)= AA| 2 F R ek 2 LR35 =3 TH(Table 1).
Z 20709 ASPEEAE o] g WEHEA Ay}, F IS 5
2to] & YER 9 th(P<0.05). THE 54 o]
ol fH ASEA F F IS T ES= 9l 7]of st G2 F )
| @ /91 7SR = 8] £7]9] Zo]
AL AH 02§05t 2po] & YERH L 2 1H(P<0.05), L A
FAAN A= T3t ZfolE UEFHA] $SITH(P>0.05). ZF e
o] AL 710 R S uke-2 23 HThollA] 1A, &4 3
ol A] 470 A = vl A 2 SR Qi

0|EZE2(0F DNAZA

n]EZE o} DNA (mtDNA) control region 375 base pair
ol-§3F 4} 41 Ak, %4719] 7|3 substitution) - 127}
, A4 (indel)> §loAct. FHAES & TR, o|F Hap 1°]
kol A] 712 o] TR AT Hk: 56% vs $71 4
£ 61%), 3 Auhol Al & 6719] $ 4R (Hapl-6), 71
AR 5 57ho) £ (Hapl, Hap3-5, Hap7)o] 3
=90t} & 78] SR F el SAARE F Ukl
2 g 0.0, 27]9] 773 (Hap2, Hap6) £ 15}
of| Al -2 WHA 17 9] 215 (Hap7)-> %1 Rl ehol| Al et
THE Y th(Table 2). o] & #4AAE 9 e W A= &
2 Ao 0-1.4%, 323k ko] 0-1.1% L, + et gholl=
0-1.4%= ek Wi, Ak 2+ 53824 2pol= gigich 44 o
¥ (haplotype diversity, H)&= 2% oty 28 3icho] Zhz)
0.612} 0.652 FARSHA Wkom, 97] thoF=(nucleotide di-
versity, 1)= <7 Ztho] 0.0038, E3} Atho] 000452 14|
LiFTk(Table 3).  MERH R Ho] -5 & Y= F5

ro

flo

EARNIEy

2

O
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Fig. 1. Allele frequency distributions for Uljin and Pohang populations of Platichthys stellatus based on 6 ms loci (m: Uljin, o: Pohang).

Table 3. Genetic diversity for Uljin and Pohang populations of
Platichthys stellatus based on mtDNA control region

Genetic diversity Uljin Pohang
No. of specimens 23 36
No. of haplotype 5 6
No. of polymorphic sites 6 6
No. of observed transitions 6 5
No. of observed transversions 0 1
No. of observed indels 0 0

0.6126+0.10400 0.6508+0.0730
0.0038+0.00260 0.0045+0.00310

Haplotype diversity (H)
Nucleotide diversity ()

Agke- -0.00849:2 - ol = Fekzt §-ojulgl 2jo]
A0 2 QI Gt
00|22 MZ2H0|E DNA &4

8l

rr
rr

nfo| A2 AN E2t0]|E DNA (msDNA) ul#| 6715 o]-&35}¢]
A& AR Aah, ti -2 27]= 188-315 base pair
Heloll Adeh = Aok} 23 HekellA & 37709 v o
HAAAE I E gl oH, fARES Bt oA (A)
= 27 o] 45700, g} Heto] 7= 3 HYeto] =
Al Lrebstth(Table 4). =8 nhAYE g /-84 S4S AT
K, Plst13-2 ARE-E 6709] vhA & diFd 444 71 107 =
7V Eokom, &30 kol A e R] o2 g AA =
570(285,297,301, 313, 315) 2 714 Wkt Plst8 t H-7-4
A 7F 5= 7P A ]l om, 225k Akt 31 kel A AlE
Al e A2 o= 22 IN(ES A e 241, &3 3
th 231)2 LR THFig. 1).

AR Hete] 2715 B AR (A= 2.970
oflA] 10.77] Abol =, &4 ko] Bt A, (4.570)2 23 At
O] Fat A, (6.97h)°ll H]sl] okeh &1 Aeke] Hat TAA] o]
FRAGEH ) 7HHA o] FHFE(H)= 22 0.5014 0.550
o7, 323 Atko] 0.662 X 0.6450] B]3] Wokth Table 4). &
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Table 4. Total number of alleles (A,), size in base pair of alleles (S), allelic richness (A ), observed (H)) and expected (H,) heterozygosi-

ties, probability of deviation from Hardy-Weinberg proportions (P,
Platichthys stellatus based on 6 msDNA loci

) and inbreeding coefficient (F ) for Uljin and Pohang populations of

Plst9 Pist37 Plst19 Plst13 Plst8 PlIst3 Mean
Uljin population
No. specimens 30 30 28 30 30 30
A 6 5 4 5 4 3 45
S 194-212 252-266 265-271 277-291 231-239 287-291
A 6.0 5.0 4.0 4.9 3.9 29 45
H, 0.667 0.333 0.286 0.667 0.567 0.483 0.501
H 0.787 0.402 0.260 0.728 0.605 0.524 0.550
P ns ns ns ns ns ns
F 0.147 0.17 -0.099 0.084 0.064 -0.042 0.077
Pohang population
No. specimens 30 30 28 30 30 30
A 8 6 7 10 4 6 7
S 188-212 2438-266 251-273 287-315 235-241 267-289
A 8.0 6.0 7.0 10.7 4.0 5.8 6.9
H, 0.800 0.600 0.607 0.667 0.733 0.669 0.662
H. 0.825 0.648 0.398 0.745 0.643 0.648 0.645
P ns ns ns ns ns ns
F 0.031 0.074 -0.241 0.106 -0.141 -0.145 -0.047

IS

Significance was tested at the 5% level,

2 Ry 323k Rcko]] ARE-H E msDNA marker= Hardy-
Weinberg 3 zgu 0]% | B2 R] ¢k} (P>0.05) (Table 4).
270 ek 3 R g 4 Hok RS 0] 9I%kFE
2 0.0208 2 21|t 751 2] 2po] & LR ATHP<0.05).

o

Fetzt Sef bl

AE 24 ‘ﬁ‘i"ﬂ/\i AE A=rke] 277013 156.9-
296.3 mm) % & Egtoll A Y H 2770 195.4-332.9
mm)9| Fef HolE £A% Aut, Fet5e| 53} d”o] gxl
el Aut 2= ok, 79159] ok HA 9 ¢l
o AYARA] &3] e = EAo]th(Jeon and Jeong, 2008) _E._
T Seluiole] 978 Fa YRUTT opUTo] FRE]
= 5H=1|, Hamasaki et al. (2010)2] A7 A7}o] oJ5ul ol
A ZE0] W ol A ut inter-nostril epidermis®] & HO]
(DIE)7} = dAA vepdcia 2 ask 8 o‘11}(Soba‘|1ma et

. 1986). & Aol A= &% Ake] A WA A F2k59]
Qi‘r&‘”"l EE I e e n] 9 SIA] = 31‘3101]5 7%
Aldo] T HollA &4 ek 2006013 F-E] FH HF3 7N

El

* significant, ns, not significant

N
ft

I
T

ok

Mgl eholl A B = Solgt FH| WMol o7l A7l &
, 3181 314, Wo) S} ko 01 9& o] 99l fjEo = 71
1! Qltk(Parrish and Saville, 1965; Lindsey, 1988). 74 =t}z]
O - =% kel A gt Fej A o 7t & veht=d], &
5] A2 0] 2714004 5 Ak WShe] TRk Table
1). =3 ASFHl A= 27119 FH(EH SR =] £7] 24
o, $:91% 71| ejn] £7] Aol)o] % ATHE 2 e £
7o) gz Seliglck. olo S AEA HE ATF
A eE oY RS i FAISE A} 3712 7)o A (AL
RV, SfEle] Zol)o] T HekS 2 TR sgon, o)
A Qof2] ATHz R SRR ol 2ol 5 A) EIA Hek
< Adsk=t 83 FH FE 2 {HErh(Matsumiya and
Kanamaru, 1987).

ZicHzt 0|EE=2(0IDNA H|1

o] AAfsto] o] ZAL A olFH 202 Wit ole)
A

4ol
Jm

¢

o] EZEZ]o}DNA (mtDNA) control region 375 base pair
= -':qus} A3} &7 Atz ek 7k9] F Zho] -0.00849
2 g Yol = Atk 71 S A4 A BE) ¢l Ao g =AHr)
(P>0. 05) AA = A o, Jek 7H0-1.4%= 2fo] 7} A <]

A2tk MIDNA control region®] G712 CO I
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B3} 108 A =& Z 0 & B o] Qlof(Martin et al., 1992)
slatolRo) §414 ThpAle Thofela g PAE B4
ol Be] ol 51 ik B3l M AURHES BH 02 Q13
o2 AAFELE SOl B8 Tk 2§04 kA S B7lshs
o) o]-&-%] o] t(Park et al., 2010; Hamasaki et al., 2010). 7
Lok A A7el G| YEA FE(Hamasaki et al., 2010) 2
S=AL Y 2| (Park et al., 2010)2] -9 obA) Atk 9l vk 2]
7ol 23k f- A 2ol 7} Harg v Qlet. o] = Uit 352
85 THUF7E30E o) A& E o AL, gk H X
71X SHGF7} o] Fol A gh7] wszof oY ety
o 7kl mtDNAOJ| A 2}o]& HQl Zlo] obd 7} Attt 53
=]

HA7E 28 713 S 1 ko] Xoj = o] g Mol M thFgol
She FH7k A4 0% e Ak 24 el ik Hamasaki
etal.,, 2010; Park etal., 2010). o]of H|3|] F=t}e]e] H2> FH
HFR7L 4doleRs HITLA B 717t o] 2ol A $b7) o]
HEE 9% Hol7} gl 202 3

TEtZ 0j0|22MIE2L0IE DNA Bl

6711¢] nro] 24| S| E DNA (msDNA) vh71E o8-t
Zerke] g Aok 27 ek f424 v 24 2
=7 Yeto] g} HetrEnt vo iy G AiAk e s vEh gl
ok B BERAA S EG Yeo] T, &1 W] 457
2 24 Agto] Zah Hrkurt ASA% 47t A9k o] A
o Sefutet YA BR A dERAA dhgol 554%
(Jeong et al., 2009), Y EAF A X] B 2] 66.3% (Sekono
etal., 2002)2} FABFEE. H%)9] 749 Aol A AR 2520]
Hop7E 42 0 2 RIS A0 H o] e 51 of
&3] At w2 A X A o] opd 7} A E th(Sekino et
al., 2002; Hamasaki et al., 2010; Jeong et al., 2008). MtDNA
Z7ho} ] MsDNAC| A= Zche] £ 25 2k F, 7H0.0208
2 et 7+ 73t Zfol& YrEh /It (P<0.05). o g2 7Hd
& FAE A oy ek 7he] K (0.059-0.243) (Li et al., 2004)
By o3, g3 = ek Fo (0.008-0.056) (Jeong et al,
2009)2k= AT Jeong et al. (2009)2 o] 213 542 x|
o]7} QI A Aol A W73t 7HA| -2 kA A9 7H 2= of
A o] FA A ol e e Aoz Hastel

2 Aol A ke 231 Aek) 23 Aok 7 FE A 2jo]
7helE gl o, o] 2|3t FEjA] Aol mtDNA A= 2l
A A msDNAO|| A= 2 Yepylt), erte] SRR
7F 735 &1 Al 4 ofeh= B2 7] Ttoll AA o] Fol H ol =
E-51AL o] A oA ofglH FF=rhe] o] FE W msDNA 7t
oAl ofglH Zrrhe] op R} Aol 5 Hol= oA Al
Aoz HEZE ek &, W Ao Al A, A vk
A5 918l 74 tddol w2 Xlof g, AR TR 2
ez o] Bad Aotk
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